This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


VAN    NOSTRAND'S 


KCLTDCTIO 


ENGINEERING  MAGAZINE. 


VOLUME    I. 


1869. 


Tlie  paper  in  this  volume  is  brittle  or  th. 
mner  margins  are  extremely  naml»° 
\\;e  have  bound  or  rebound  the  vnl 
ut.l.:.n8  the  best  means  possible.  °'"** 


IJ  H  MS  II  K  U, 

IRKS    StRKKT. 


Owo 


VAN  BENTHUYSEN  A   SONS, 
STEAM    PKINTIXO    HOUSE,    ALBANY. 


•     •    ^    ••• 
•  •.•    •••     • 

;.v^*.v       •AVI;... 

-•.  .••        •••  *••-•.*••. 

••  •.  .  •    ••••  '^r  ..•.."•      . 

•  •••••    •  *••  •  •         • .  • 

••   ••    •    •  •  •  • .    . 

•       •  ,  •  •    J*  •    •  •  •  • 

.    •  -•  ••.        •.'♦I  •     • 
•  .•..-.••.•...     •.•.—  .• 
•-.♦v  ./:  ..    ••  ••• 


COZSTTEISrTS. 


Page. 

Aerovaaiicf 32i,  b64 

Aesthetics  of  eoaatruotion  ..  641 
AgrieuUmral  maehinory . .  .39 

318,  346 

Implement  maicom 322 

Sieam  plows,  AFeling*s, 
see  ''Traction  Engine" 

Stemm  plows,  French....  611 

Steam  engines,  test  of ..  789 

Alarm  bell  for  locomotives  ..  1146 

Alloj,  new  white  metal 479 

Alominum,  broDse 185,  883 

Copper,  alloys  with 883 

IroD,  alloys  with 1043 

Kedacing  from  ores 949 

American  Institate 575 

Ancient  Roman  masonry  and 

mortar 54 

Anchor,  Wittrams 100 

Apprentice  system,  Pennsyl- 

TaniaKailway 1151 

Architecture,  eiril  cngineer- 

iDg  and 798 

Iron 269 

Modem    148 

Railway  station 223 

Areas,  calculation  of 322 

Armies  of  Europe 377,  1049 

Armor,  see  *«  Ships  of  War." 

Chalmers 472 

M&Duf.,  see  "Iron." 
Resistance  of,  377,  529, 

567,  943,  1090 
Artificlsl   stove,   see   ''Con> 
Crete.'* 

Art  prize,  French 576 

Artillery,  see  "Ordnance." 

Asbestos,  paper  and  cloth. ..  672 

Ashc^,  coal,  as  a  fertiliser  ..  672 
Asphalt  pavements,  see 
•'  PavemenU." 

Atlantic  works 40 

Bed  of 400 

Axles,  railway,  see  •*  Car." 

Balloon,  the  largest 96 

View  from 121 

Bayonets 469 

Belts,  see  "  Tools." 
Bessemer  itoel  and  procesi, 
analyses    at    different 

•Uges 373 

Auxiliary  process 189 

Axles  (see  Car),  endur- 
ance of 679 

Cost  of  plant 189 

Extent  of  manufaeture,  466 

Flame 606 

Maouf.  (Soe.  Civ.  Eng., 

France)     999 

Manuf.,    United  SUtei, 

in  the 887 

Neaberg,  working  reiulU  1085 

A 


Page. 

Bessemer  proeess  .   • 240 

Process,  in  the  manufao- 

ture  of  copper 514 

Royalties      749 

Spectroscope,  use  of  ...  •  507 

Trade 564 

Uniformity  of 103 

White  pig  iron  in 898 

Works,   see  **  Iron  and 
steel  works." 
Bessemer's     melting     under 

pressure ••  949 

Beton,  see  *'  Concrete." 

Birmingham 812 

Wire  gauge 1030 

Bissell  Truck,  see  <<  Locomo- 
tive." 

Black  lead 674 

Blasting,     see     <<  Explosive 

agents." 
Blast  Furnace  (see  also  Iron). 

Bagg's  improvement.. ••  850 

Blast,  duration  of 753 

Blast    heating,    Hamil- 
ton's    946 

Chemistry  of 657 

Cleveland    ironmaking, 

948,  1139 

Consett 465 

Cryolite  in 659 

Engines,    see    "Blowing 
Engine." 

English,  No.  of 1140 

Ferryhill     1043 

French,   improved 1044 

Onses,  utilisation  of....  945 

Highest  in  U.  S 280 

Hydrocarbons  in 564 

Improvements     in     and 
working,  140,  462,  698, 

753,  855,  945,  1044 
Lauerman's  closed  front, 

562,  756,  1136 

Middlesborough 792 

Norton 755 

Ores,  mixing  of 755 

Particulars  of  (Egleston)  851 

Precautions  in  building . .  854 

Production,  remarkable,  280 
Slag,  see  "Slag." 

Wood  fuel ...  818 

Blowers,   guibals ...  .43,  651,  774 

Roots 766 

Blowing  engine  ....278,  755, 

854,  1134 

Boat  oonstruction 74 

24-poQnd 288 

Boilers,  anti-inorustator  for,  913 

But  jointed 336 

Clothing,  economy  of. . .  49 

Coiled  tube  423 

Feed  water  for 927 

Paoiilo  railway 1050 


Page. 

fioilers,  Gemer's 1124 

Heating  furnace 797 

Independent  tubular . .  •  •  403 

Insurance 822 

Locomotive,  American..  879 

Marine 51 

Management  of  small. . .  149 

Mechanical  firing 921 

Mercury,  circulation  of.  696 
Scale,    prevention,    182, 

190,  913 

Steam  crane 1024 

Steel 319,374,  1042, 

1044,  1140,  1147 

Strength  of 1097 

Tubes,  setting 805 

Iron 859 

Vertical  water  tube 1027 

Welded    864 

Boiler  explosions,  672,  864, 

940,  960,  961 

Projectile  theory 42 

Nitroglycerine  theory..  121 
Overheating    of   furnace 

crowns.....  961 

Books,  new 191,  383,  479 

Agriculture,  Laeroix  . . .  956 

iMhartier,  286 
Alloys  for  coining.  Van 

Riemsdijk 956 

American  Exchange  and 

Review 671 

Annates  Industrielles, 

Cassagnes 477 

Annual  of  Scientific  Dis- 
covery, Kneeland 670 

Architecture,  Datfidson,  1149 

Woodward  670 

Mitchell..  862 

Artillery,  Thomas 954 

Assaying,  Crookes 192 

Cazin 573 

Astronomy,  WhiU 956 

Block-houses,  Young...  671 
Bricks  and  Tiles,  manuf., 

Dobson  .,.^..., 473 

Bridges,  Roebling 285 

Unwin 860 

Carbon,   chem.   changes 

of,  Odling 955 

Oassell's  technical  manu- 
als    476 

Chefs  d'CEuvre  of  the  In- 
dustrial Arts,  Chaffert  572 

Chemical  News 286 

Chemistry,  Frownes.,,,  285 

LechartUr . .  286 

Guthrie 362 

Cooley 1148 

Cyclopsddic  Science,  Pep- 

per 759 

Dictionary,  Scientific 

terms,  AtUta// 1054 


<b  ^  ^  "^    Q> 


COXTEXTS. 


Pa^c 


2d^: «r* 

InsafibttL^aiZA.  SmiSlk  ...  iTlk 

oS 47* 

Bmifknt lUJp 

Jbrrit 114Ji 

5Km;;«9 47* 

I»rh'mz33f.  3twrAt% 7*1 

Factt  fta£  Fisara,  477 

Es^cifDnft  £a;;pa«css It2 

f  igge,  iiiinipa S&> 

WiwtlMr 7fl 

Fscadk  Ex^msom SsS 

^«BffaL^.  *«e.y  mill  wark, 

J19MM ^W 

BmJKtMS.  .»»»...»  ...»  •mZ 

J^ 5*1 

&mO»sj  4^  5.  J.,  C^^  ««S 

^«i«bt«rry  fTMnMll....  474 

Mliitm 2SS 

rin.  vic^  4^pSc^  -••  ^T! 
1« 

Cent ^r* 

Hvfirw.Bt  Flnf«il«r, 

JTifilra »i7 

Iibiacsaditry  Asrel 2?^ 

Pirfcr Sel 

^isTvsv"  <•««* dS2 

iH^dk* 1*>4 

c&r«.  Ara.li  ■■■ IJfS 

£A 474 

FMrltfira 7i 

£(As     ...477y  7i<* 

a*^irm 14i>I 

JBfj/# *75 

IrrSpUiiM    «A     SMihcff* 

£«B<if«.  JJWTrif/".-..  lift 

oief 47> 

Wmlmm...  U4i 
lfttfBt»ie 

tatiw,  C«rri«cf<M  . . .  S* 
JJmsmr  Fcnf<«UT«y  Wmr- 

m r« 

«,4B^W V   .      ...........  Vaa 

■wtJK      FafciBiir« 

lA&S 

ff^f^Sffrnf lAU 

lUa3ftcur«r4B«iMcr,  Mf 

JUt8«r,  vkmt  »  it 6C1 

llcuvrcsy     Ffvack    ami. 

EBcti>^  ArMfet ;«3 

Jl«ckack»,  UtUrt Ss« 

MwhiMJr,  TW fi7 

trm  hmmittd  k  aercmv 

SrMra 114f 

Jf«tal]srsj,  CrMft»....  1»S 

MrmiiU 


BMkfw  McviUt  J««Tsa3  ....  2stf 

HmJ :*; 

Umdf..     7iJ 

MiUcr  ant    XiUvri^u 

Miiicr    as>i     Eaiip&ecT's 

G«S^.  PaZ3M 7€: 

lli3l2B£j««r&B3.    ...^72,  ii>7 

if*?J 47i 

Maa^  Arirfffr SsC 

ndkmrd. 14iM 

^««9»S Stf'l 

S)pBr«» 7i»l" 

7«5 

siM,  Ar^  11^  €71,  »>§ 

XaVSJ   liC^CBTCS,  £&»..  47i- 

X«vifft3M«,  Mtariikad  A- 

ITrcn I  *5« 

Oirii^a*  Ab«^<4^  DnaU- 

«* S5* 

Ofdies.  AvfCBf 474 

FvBlen*  JEa,£mzix«- 3<«M 

PuBsis^aBi  ^"biaitg...  €7! 
Farks  a»i  tiarimif  <^  Pa- 
lis, JMiuiMU TtS 

PaScM  LavTK  C«a^u...  i.:4 

FaUmms,  2^:■ 

PkTfocs,  r«ftMr 474 

C^iJIff 2:!< 

Dadkam^ S^ 

P«^ar  MafaetifiH,  P«rk- 

«r 762,  7«. 

«•  P«8yl«^ii5e,'-   Jf«Hb»,  li4> 

P«ruUfr4  C<e»«xu  JKw^  !^'2 

r*i.-«>  b(«k,  j:A£e»a 477 

<{vad:ta3i««        Aaahrst*. 

cv*^ r..  ;iiij 

VsaBUtMt    JfaJ*    EftfT, 

^rtf«M« I.  JS* 

BaihraT«l  Chmlimr ilii> 

D^rif^a. :2^4 

.,  47i. 

L*fi%, r«: 

iMmAidmnt..  477 

M«JJc^£  ....  ^72 

A  k  ««iea,    Lf&>* (^^5 

Eepict.  X.T.Stas*  Ea- 

Sacieer *4S,  *i7 

RaiafaU,     Britisk.     5}- 

]Ua4».  ir«sa2e*#.  wrics..  2>« 

lUpCBakia^.   Ckm»m^.%^  t^7 
SapperF-'  Maaval.  Fhaa*. 

law «71 

Sav««  ■>»!>■»«  al,  ir«rr- 

#«ai. |ii« 

Scicatiic  Sia^M*, 

Diroks 474,  1*33 

Scijcrafi^,  PadUff....  l«l 

H'artfT....  7*5 

Scotlaa*.  ia4«fftri«t  af . .  7*  I 
Scf«v  PN^^alsMa.  Bmr^ 

in.*i4^  «71 

S«va«a    S§*,  $>1 

Skip4aiMiag,  Atatf l»l 

SanC4.  7«*  »! 

Xarml  Ankil'tt  Tfrnu.  1«^ 


Page. 
Ksttikf,    SoDoce    asd    Saioke 

S^niskare,   AiusJU.....  670 

Rickcrdsom 760 

Suc'tST     cf     Enguieerf, 

Max.«&es«er 477 

SanetT  i4  EsLg'r^  Traai- 

^dUi 1148 

SuiSers     Packet     Book, 

W4i*€i*f 955 

S<«2^.    7y%dmn &60 

5i*eril«ati«c>*  cf  Works, 

lUrijkera 95* 

SpnrSTam  Aaa!T««s,  Ro9- 

CM 1149 

Sfcas   Ecgiae,  Bohm€y 

192,  7*1 
irvray,  477 
SnaE&f  m  Gir^n,  Waa- 
ler      285 

SvkBanae  Warfare, 

&cxa«y 1051 

SafTYTirf.  Smafh 1 148 

T«->^;k.  Pcp« **9 

Sc^'M.    3S!,  572 

Tczael.  ftcAiic^.  Foaaj?,  114S 

Taxaelia^,  l^pi^tr 669 

Jlrela 669 

FaefaS    ixffrrmauca, 

a^miSiM 1147 

Ta^re  G«ar.  A %dki  actew, 

2d2,  760 

S€k€pp 1054 

Z€w*4r 476 

Vextf^ti4<a 762 

T««Tia»,  Pi±i«>t 286 

Vir^paja.    Pajfiral  Sar- 

T^tT,  Jfcarc 762 

War.   <f>erate»af    of, 

Ji^juo    956 

Wa3«4  Rcf^rer.  Ktimo,  763 
Wa:<r  P<v<er,    Gi^xun, 

477,  671 

Wft{»i-»->rk'|:  Mackiaerr  562 
W*(^  Masafartare.  Bal- 

ie:aa  Xal.  Asao 1052 

Tear  K<  k  i>f  fa«ij>  Caa»p  573 

Brak<«,  railvaj *y,  513 

Ssvai  Kakix^.'. 123 

B3>M«k   kaiers.   *e«   "  Ord- 

Kascte.*' 

Bn£^.  Blarkfriars  aev....  832 

Ba:j£:x^  :a  «^r  tcKe  ...  758 

C'^ Aa»«4>exi  riTer  ....SI,  668 
Ci£«t*trac::;'a.     s««     al*« 

•-5i7a^a**\ ♦^i.  463 

Calr^r:**  «*  •MTairvrw." 

I«e3«rri;Tai^i>a  <<f  irv-B....  449 

r»rs«;icrf 1051 

Eail  rir<r 57i 

£xfii$^  Cxiaaaea.  i«« 

*- Ctat3t*l.** 

H«isea  rir«r,  Cc-rcvail,  283 

B«>4tmBac  5visf 988 

IrM  ar«^«4 343 

lialtaa. 379 

Ker^iice  Bridge  Co . '» . .  535 

Laav^ntav'rtk 2*9 

LaB^fTtaa 765 

JCerM^T **S 

M^ials,  Prftfae 2dl 

OkMk  L*>afeFr?a« SK 

IU7,  1152 

Pftft^f  Tailvaj 857 

K«M(ie«]  B«v 109 

5<kaTikiU 548 

St.  Lcau 4*,  1050 

Swi|a«^aB»a,  CalsMkU,  284 


::i  I  57 


77  bJ 

QUAUTV   CONTROL    MARK 

CONTENTS. 


:7 


ui 


Pago. 
Bridg«,Tbsines,West  London 

Railway 719 

Worko,    Hawkins,   H«r- 

thell  and  Bnrrall 9A 

Bronte   foandriet  of  France,  833 
AlomiDnm,    see    *'Ala- 
minnm." 

Bailding  tools  and  appliances  125 

How  tobaild 1128 

Cable,  telegraph,  see  «Tele- 
graph." 

Caissons 1089 

Camera  obseara  ....    288 

Canals:    Baj    of    Biscay    to 

Mediterranean 768 

Chicago,  proposed 282 

Darien.   319,553,  873 

Hudson  R.,  slack  water,  107 

Isth  mns  of  Corinth &:{2 

Oiiwego  to  Albany 125 

Riral  to  the  Mississippi,  9^ 

Ship  to  Paris 89 

Steam  on..  94,  744,  920,  1105 
Snes,  see  <<Saes  canal." 
Car,  Railway,  American 

(Colbnrn  on) 451 

Axles,  295,  570,  679,  913, 

974,  1042,  115L 

Bi^sell,  tender  track ....  983 

Buffers,  hydraalic 984 

Central  Pacific 666 

Changeable  gaage 660 

Costly 479 

English 380 

Fairlies,    see    "  Locomo- 
tiTe.»» 

For  sharp  cnrrcs 664 

Iron 1146 

Light 429,  1050 

Locking 859 

Metropolitan  railway....  845 

0:>eiUation  of 1051 

Raiioing      gear,      Cum- 

minj^s' 295 

State  room 560 

Sleel  280 

Trucks,  safety 4129 

Ventilation 65 

Warming 65,  284,  656 

Wheels,    183,    570,   858, 

859,  950,  1042 

Wheel  base 687 

Cnr  wheels,  see  ''  Car." 

Carriages,  American  abroad,  864 

Cement,  Collodian,  elastic..  766 

Composition   of 509,  746 

Leather  for. 1055 

lUd  heat,  for ^12 

Riveriido     construction, 

lor 521 

Road   making 723 

Steam  and  gas  pipe,  112,  151 

Centijcrade  to  Fahrenheit ....  89 

Centrifugal  force  of  shafts..  598 

Chalmers,  James 267 

Channel,  English,  connnani- 
cation  across,  173,  411, 

575,  668,  1051,  1096 

CbarI«*«ton  phosphates 172 

Cbatelier^s  retarding  trains, 
'ce  •*  Brakes." 

Ch'^mixtry,  engineering 512 

Chimney* 146,   1139 

Sweeping    428 

China,  development  of 513 

Chenot  process,  see  «  Steel."     ' 


1150 


Page. 

Chronoscnpe 187 

City,  how  to  lay  out... 156 

Clocks,  electric 288 

Coal  ashes,  a  fertilizer 672 

Australian 125 

British  supply 982,  1055 

Dust,  burning 750 

Dust,  wasted 960 

Mining,  see  '*  Mining." 

Old  and  new 958 

Product 661,  1055 

Seaweed 419 

Slack,  compressed 157 

AVashing 280 

Wharf  at  New  Haven..  288 

Cocoa-nut  husk  fibre  .    351 

I  Colors  in  architectural  draw- 

ing 

Combustion  under  pressure, 

949,  1129 

Compass,  self-registering...  960 

I  Comstock  lode 49 

!  Concrete  building,   64,    175, 

824,  1077,  1132 

RiTcr  walls 523 

Condensers,  see  <<  Steam  En- 
gine." 

Conductors  Life  Ins.  Co 16 

Construction,  see  '^Strains." 

Aesthetics  of 641 

Fireproof 1017 

Copper,  Aluminum  alloys .  • .  •  883 

Bessemer  process  in 514 

Platinising 960 

Welding  of 102 

Corliss  engine,  see  **  Steam 
Engine." 

Cotton  press 74,  167 

Seed  oil 48 

Waste  as  manure 196 

Creusot  works,  see  **Iron  and 

steel  works." 

Culverts  under  rivers,  etc  . . .  752 

Cupolas 466,  562 


I  Dam,  Cohoes 

I  Holyoke 

!  New  Bedford  water  works 

j  Rock  Island  cofifer 

I  Darwinian  theory 

I  Dates 

'  Dcptford  dockyard 

Diamonds 

'  Docks,  floating 635, 

'  Drsins,  see  **  Sewage." 

Drawing   conventional  tints, 

I  Dredging 102, 

,  Drills,  power  consumed  by.. 

Dry-rot,  preventing 

I  Dnpny  do  Lome 

•  Durometer 659, 

'  Dust  of  cities,   effect  on 

I      health 

I  Dyer  Court  of  Inquiry 


191 

267 

8 

191 

100  I 

7B4 

472  1 

95  I 

1152  1 

1150 
426 
197 
480 
566 

1079 


575 
493  I 


Earthwork,  computation  ....  65 

I          Measurements  of  hills..  813 

Education,  see  *'  Schools  " 

I  Ejector  condenser,  see  **Ma- 

riue  engine." 

I  Electric  clocks 288 

Electro  magnetic  engines 

'                                               630,  767 

metallurgy 254 

'                       realing 158,  486 

j          Light 45,  119,  954,  1042 

I         Repeaters  for  B. R.  f ig'ls  81 


Page. 

Electricity  as  a  motive  power,  630 

Elevator 288 

Ellerchausen    process,    see 

"Iron." 
Enameling  and  polishing,  see 

"  Paint." 

Engineering  architecture ....  798 

Chemistry 512 

Conservative 600 

Estimates 972 

Indian 217 

Mississippi  valley 1 64 

Modern 109,  369,  865 

Napoleon  and 863 

Problems 6 

Sanitary 276 

Spanish   350 

Submarine 426 

Wonders 727 

Works,  riecent 109 

Engineers,  architects  and...  351 

Estimates  of 973 

Examinations  of 231 

Parliament,  in 107 

Society  of  engineers  and 

associates 466 

Ericsson's  working  solar  rays,  170 
Estimates  of  consulting  engi- 
neers   972 

Excavator 102,  426 

Excelsior  Machine  Works...  172 

Experience  in  design 536 

Experiments  in  iron,  at  joint 

expense 754 

Explosions,  boiler,  see  «  Boi- 
ler Explosions." 

Oas  works 175 

Nitroglycerine 780 

Explosive,  agents..  153,  420, 

729,  1144 

Ammonia  powder 1047 

Blasting  granite 288 

Designolle's 1073 

Gun  cotton.... 434,  729,  1047 

Gunpowder,  new 472 

Nitro    glycerine     explo- 
sions   780 

Nobel's  blasting  material  64 

Small  arm  powder 1045 

Submarine  blasting 287 

Fairlie  engine  and  car,    see 

**  Locomotive." 
Fan,  see  **  Blower." 
Ferry,   railway,   see    "Rail- 
way." 
Feed  water,  see  "  Boilers." 

Files,  old,  to  renew 660 

Filter  vans  and  carts 471 

Firebrick 280 

Engines 383 

Proof    construction 1017 

Floods 352 

Flow  ef  elastic  fluids 810 

Flying  machines 324,  864 

Force,  see  **  Power." 

Forts,  cast  iron 590 

Foundation,  see  **Masonry." 
Foundry  economy,  see 

<»Iron." 
Frogs,  see  *<  Permanent 

Way." 

Furnace,  coal  dust  burning. .  750 
Heating,    see      **  Gas  " 

and  **  Siemens." 

Heating  furnace  boilers,  797 

Soda 603 

Wilson, 374 


CONTENTS. 


Forniture  making  in  Italy..     125 

Galranio  battery 383 

Gas,  air  in  illuminating 933 

Calorific  agents,  as  a ... .     232 
Heating  buildings  by. ..     815 

Heating  furnace 828 

See  also  **  Siemens. '' 

Holders 405,  1056 

Hydro  .'.en    as    illumina- 
ting gas  463 

Illuminating    power    of 

463,    652 

Manufacture 70 

Pipes,  wood 957 

Oxygen  for  light 94,  1150 

Sewage,  gas  from 1093 

Gold ,  in  circulation 94,     1 76 

Region,  South  Africa. . .     697 
Government  aid  to  science. . .  1087 
Gradients,  see  «*  Railway." 
Great  Eastern,  see  <*Ship8." 
Gun,  see  «  Ordnance." 
Carriages,  see  **  Ord- 
nance." 
Powder,  see  <<  Ezplosire 

Agenta." 
Pile  driver 343,    909 

Hammer,  see  <<  Steam  ham- 
mer." 
Harbor  obstmctions,    see 
"Torpedoes." 
Defense,  see  "  Sea-eoait 
defense." 

Hasty  writing,  evil  of 40 

Heat  to  ignite  Tapors 763 

Heating,  oapitol  at  Wash'ton    313 

Cars 65,  656,     284 

Stimers' plan 313 

Heaton  process,  see  "Steel." 

Highways  of  nations 1075 

Hoosao,  river  improvements,       94 

Tunnel,  see  "Tunnels." 
Horse -power,    see    **  Steam 
engine." 

Hospitals    113 

Hot-pressed  nuts 288 

Hudson  R.  slack-water  navi- 
gation      107 

George 570 

Hydraulic  buffers 984 

Cylinders,  mending 16 

Dredging 102 

Pipe  engineering 199 

Power,  accumulated  778,    924 

Ram 48 

Steering  apparatus. ' . . . .  1 084 

Swing  bridges 988 

Testing  machine ....  346,    457 
Hydrogen  gas,  see  "  Gas." 

MetallTc 202 

loe,  London  and  Paris,  in...      94 
Machines  and  refrigera- 
tors  911,960,  1152 

Index,  our 1151 

India  rubber  tyres 41 

India  rubber  manufacture...  1151 

t  Indian  engineering 216 

\  Indiestor 41 2 

I        Cmrda 889 

Jiidaatrial  partnerships 826 

Jnjeetor,  duty  ot ^qj 

fasitftate,  iron  and  steel,  see 
J  "Iron." 

Ameriotkn ,,..    575 


Page. 

Institution  of  civil  engineers  159 

New  house  of 159 

Papers  wanted 6 

Inventions,  old  and  new  ob- 
jects of 42 

Inventors  and  government  . .  377 

Iron :  aluminum  alloys 1043 

Anvil  block,  casting....  660 

Arehitocture 269 

Armor  plate  manufacture 

466,  471,  758 

Behavior  of,  new  facts  . .  659 

Blooming,  Logan  works,  946 

Brass,  coating  with 659 

Breaking  masses 276 

Burning  on 829 

Cast,  ebemical  nature  of,  121 

improvement  in...  658 

malleable 624 

tubes 1056 

Casting  in  or  on 706 

CaUsaqua  Co.'s 1140 

Cheap 97 

Chromium,  effect  of  on . .  277 

Cleveland  iron  making..  948 

Cold,  influence  on    532 

Competition,  English  and 

Continental 466 

Corrugated,  strength  of, 

96,  129,  191,  202 

Cryitallisation 1043 

Deoarbu riling,  history  of 

193,  368,  458,  545,  709 
Deterioration  of  in 

bridges 449 

Direct  from  the  ore ..  1 88,  277 

Electro-plating 486 

Ellerhausen  prooess,  106, 
857,  451,  464,  488,  560, 

815,  906,  939 

Enameling  of 676,  1054 

Expansion  of  in  cooling,  466 

Exportation  of  English,  946 

Fibre  in  wrought 279 

Flexion  of 564 

Forts 690 

Foundry  economy,   629, 

705,  829 

Galvanising 279 

Hardness  of,  testing  659,  1079 

Impurities  in 551,  639 

Institute. . .  68,  278,  697,  850 
Large  masses,  production 

Malleable 624,  947 

Magnetisation  of 1 140 

Melting  under  pressure . .  949 

Nail  plates 948 

Nickel,  plating  with ....  750 

Ores,  calculation  of 601 

Purifying 199 

Phosphorus,  oast  iron  in,  405 

Effect  of 448,  659 

Removing 94 

Pig,  manufacture  of,  140, 

823,  .374,  1139 
See  also  "  Blast  Fur- 
nace." 

P»g>  product  of 757 

Product  of 561,  757,  1140 

Ponsard  A  Boyenvals, 

Impt   563,1136 

Pomeroy  patents 945 

Progress  of  metallurgy, 

27,  561 

Pyrites,  iron  fVom 188 

Puddling,    gee     "  Pad- 
dling." 


Page. 

Iron,   Radcliffe  process,  94, 

568,     659 
Rails,  see  "Rails." 
Ships,  see  "  Shi^s." 

Silicon  in 657 

removed  from...  1115 

Structure  of 374 

Sulphur  in 057 

Testing  by  magnetism..     660 

Titaneomin 277 

U.  S.  manufacture  in...     371 

Welding 373 

Zinc,  alloy,  gee  "  Zine." 

Iron  and  steel  works,  A  tins, 

280,  1139 

Bethlehem 189,  1045 

Cambria 1137 

Cleveland  (Ohio)  Rolling 

Mill 279,  1033 

Cleveland  (England) 

Iron  making 948 

Firth's 279 

French,  Bessemer 56:{ 

Railway,     ke.,    189 

Jas.  Russell  k  Sons 561 

Krupp's 96,     574 

LeCreusot,  127, 188,668,  1044 

Neuberg 1085 

Patent  Shaft  A  Axle  Cos.     950 

Pencoyd 1044 

Penns'a  steel  works 189 

Port  Henry. 

Reading  R.  R.  Cos 278 

Round  Oak 461 

Seyfort,  McManus  A  Co.  1045 

Sterling 280 

Troy 280,     5^2 

Isherwood  and  Gen.  Grant. . .     864 

Kirby  reaper  factory 1 70 

Krupp's  steel  works 96,     574 

Guns,  see  "Ordnance." 

Lathe,  see  "Tools." 

Launches 468 

Lead,  pencils 118 

Roofs 889 

Tin  vessels,  lead  in 175 

Lerel,  spirit 996 

Leveling  device  for  rails  ...»  858 

Library,  architectural 576 

Mercantile 288 

Railway 284 

Light,  see  "Gas." 

Electric... 45,  119,  954,  1042 

Lighting  coal  mines .....  919 

New 480 

Submarine 480 

Ziroonia' 3-{5 

Lighthouses 1151 

Lightning,  artificial 960 

Protection  against 112 

Liquid  fuel,   Dorsett's   sys- 
tem   57 

Metallurgy,  use  in,  591,  418 

Progress  of 548 

Smith's  system 334 

Liverpool,  shipping  of 864 

Locomotive,  alarm  bell   for,  1146 
American  (Colburn  on), 

451,  950 
Boilers,  see  "  Boilers." 

Borsig's  express 665 

Builder's  meeting 65 

Central  Pacific 666 

Central  rail.... 569,  639, 

661,  690,  950,  1006 


CONTENTS. 


Page. 
IiO<owBdT%OB>l  baniiig  7S6, 

996,  1145 

CaiTMy  iliArpy  for  ••••••  t6X 

Engin««n'  eooTeniion. . .  16 

Saglish,  danbilitj  of. . .  859 
expron.    Great 

Northern 122 

•xpeBsesin....  661 

Ezpeoiea  ia  RngUnd  ...  661 
Fairlie,   and  locomotive 
ear,  SM,  401,  685,  776, 

952,  1050 

Firrt. 283,  567 

Froigbi 29 

Gemaa 59,  384 

Great  Western,    narrow 

gaage U44 

Hea^y  gradee,  for,  161, 

447,  569,  639,  691,  1006 

laipioTed 3,864,  736 

IrUk 298 

Large 284 

LifSt 429,589,  594 

•ee^Loeo.,  FairUe.'* 

Loogramfor •  557 

Metropolitan  railway, 

166,  589,  846,  1144,  1145 

MontCenif 161,  690 

North  London 185 

Of  the  fntnre 736 

Paris  and  Lyons ....  662,  691 

Paris,  Sceauz  k  Limoars  664 
Pennsy iTania  &.  R . ,  429, 

1049,  1145 

Prices  in  Germany 384 

Repairs,  American 950 

Six  eonpled 288 

Small,  for  mines,  etc .  • .  •  191 

Speed  and  power  of 954 

Ten-wheeled  Penn.  R.R.  429 

Troek,  Rissell  tender  ...  983 

Track,  wheel  base  of ... .  687 
Undergroand    railway, 

166,  589,  845,  1144,  1145 

Wofks,  96,  118,  288,  333,  953 

Looms,  power 156 

Machine  tools,  see  <<  Tools." 

Bntlding  in  Europe 383 

Magnesia  cmeibles 63 

Mftngane«e  in  steel,  see 

«*SUel.>' 
Msrinc  engine,  see  «  Ships." 

Bilge    pomps 516 

Ejector  condenser . . .  225,  864 

French  naval  engine,  289  439 

Hercules 204,  225 

Holt's 987 

Improvement... 35,  742,  987 

Koenig  Wilhelm 297 

MaodsUy's 864 

Progress 742 

Robt.  Stephenson  A  Co..  987 
Screw  vs.  Paddle,   288, 

556,  575,  958 

Shafts 191,  397 

U.  8.   Dnreaa  of  Steam 

Engineering 335 

Msrtln  process,  see  ''Steel, 
Siemens'  Martin  Pro- 
cess." 

Msrsbes,  foundations  in....  828 

Mssonry,  sinking  in  mud ....  255 
Foundations  in 

marshes 828 

Stone  for  building, 

selection  of 1007 


Page. 
Master  mechanic's  association    384 

MoClellan,  Gen 63 

Measurement  of  hills 813 

Measures,  English  and 

French 574 

Mechanical  science 

(Siemens') 865 

Meerschaum 672 

Metric  system 623 

Miasmatic    gases,    neutrali- 
sing      864 

Michigan  car  works 80 

Mining 23,  321,     494 

Coal  getting 501 

Coal,  disasters 957 

Lighting  mines 919 

Product  of  the  world....     561 
Ventilation  of  mines ....     936 
Mississippi  valley,  engineer-     • 

i9g  in. 164 

Missouri,  mineral  wealth  of,     128 

Molecular  vortices 992 

Moncrieff  's  gun  carriage,  see 

*<  Ordnance." 
Monitor  ^tem,  see  **  Ships 

of  War." 
Mont  Cenis  Railway,  see 

'*  Railway  and    Loco- 
motive." 
Tunnel,  see  "  Tunnel." 
Mortar,  see  also  ''  Cement." 

Roman 239 

Slag  for 795 

Morton's  ejector  condenser, 

225,     864 
Motion,  resistance  and  trans- 
mission of 256 

Motive  power  unemployed. . .      63 
Moving  city  blocks 287 

Nail  plates 948 

Napoleon  and  the  engineers,  863 
Navy,  see  "  Ships  of  War." 
New    Bedford    water    works 

dam 8 

New  books,  see  <<  Books." 

Newton  Isaac 154 

New  York  market  buildings,  94 
Society  of  practical  en- 
gineers    5 

Nickel,  plating  iron  with...  756 

Notice  to  00 temporaries. ....  479 

Oil,  cars 16 

Cottonseed 48 

Fuel,  see   '<  Liquid  Fu- 
el." 
Lubricating  power,  test 

of 767 

Petroleum  trsde 1 29 

One  idea  men 95 

Ores,  see  •'Iron." 
Ordnance,  Armstrong,  Sir  W. 

G.,  on 901 

Armstrong  guns  for 

Greece 1144 

Breech-loading   cannon, 

376,     901 
British   rifled  artillery, 

184,  565,  692,  901,  986 
British,  new  . . .  186,  692,  757 
Cartridges,  improved  . . .  1049 
Congrcsiiional  Committee 

on .388,  1057 

Cost  of  guns 473 

Experiments  . . .  187,  266,     303 
Field  artillery,  565, 1048,  1083 


Page. 
Ordnance,  Forty-ton  gon ....     667 

Fusetf,  experts  ou 1142 

Government  and  invent- 
ors of 377 

Gun-carriages,  472, 1047,  1048 

Krupp's 376,467,     473 

Krupp's  rs.  Armstrong's    187 

Modern 901 

Moncrieff 's  system  . .  90,     377 

Mortar,  Palliaer's 1143 

Muskets,  improved  use..  1143 
Pemberton's  working  . . .  648 
Powder,  see  **  Explosive 

agents." 
Projectiles  for   penetra- 
ting water 95 

Projectiles  for  penetra- 
ting inclined  armor  . . .  1090 
Projectiles,    Cbassepot, 

effectof ...     471 

Projectiles,  experiments 

on 1142 

Palmer  shell..     377 
Palliser's,  473,  1048 
Polygonal   and 

studded  ...•     564 
Shrapnel  vs. 
segmental...     783 
Proof  of  guns.. 567,  692,  1046 
Rifled  muskets,  Ameri- 
can, abroad  ....    ....     375 

Rifled  muskets,  breech - 
loading,  186,  375,  472, 
567,  757,  758,  1046,  1081 
Rifled  musket,    needle- 
gun 472 

Rifled  muskets,  Meyer- 

hofer 567 

Rifled  muskets,  Werder,  1081 
Rodman  gun  in  England,  559 
Twelve-ton  gun,  working      44 

Twenty  inch  gun 1144 

United  States  report....     186 

Vavasseur 468 

Velocity  of  shot  in  guns,  1049 

Whitworth 186,     564 

Wilson 470 

Woolwich  arsenal. . .473,  565 
Oroide 1152 

Paint,  chemical   preparation 

of 47 

Drying  propert.  of,  258,  362 

Enameling  and  polishing  655 

Zinc,  painting  cf 151 

Paper,  wood 89,  384 

Park  benk 160 

Patents ;..383,  737,  959 

Laws,  Adams  on 977 

British,  subjects  of 764 

Value  of  European 384 

Pavements,  Asphalt 1117 

Granitevs.  MoAdam....  576 

Wood 480 

Wood  and  concrete 959 

Paying  and  non-paying  load,  769 

Peat  fuel 82,479,  951 

Pennsylvania,    resources    of 

works 190 

Permanent  way,  17,  81,  364, 

378,385,481,  917 

Canting  rails 941 

Creeping  of  rails 918 

Fish-joint 544 

Frogs 532,  857 

Leveling  rails 858 

Metropolitan  railway  . . .  190 


CONTENTS. 


Page. 
Permanent  w»y,  Pennsylva- 
nia railway 352 

Quadruple  tracks 83 

Rails,  see  *«  Rails." 


Heavy  . 


209 


Rail  -joint,  Foster's 2«8 

Reeves' 302 

Setting  out  curves 143 

Tie -spotting  machine. ..  A67 

Tracklayer 81,  858 

Petroleum,  see  "Liquid 
Fuel." 

Trade 129 

Philadelphia,  growth  of 112 

Phoenix   mills 122 

Phosphates,  Charleston 172 

Photography,  eclipse  pic- 
tures      239 

Qeological  negatives ....  20 

Interiors,  photographing  16 

Permanent  photographs,  239 

Pile  driver,  gunpowder,  343,  909 

Directacting 368 

Pipes,  joints  of 1056 

Flow  of  elastic  fluids  in,  810 

Testing   largo 44 

Pitch  lake,  Trinidad 320 

Pneumatic  dispatch 274 

Pontoons  for  transport  ships,  1142 
Powder,  see  **  Explosive 

Agents." 
Power,  measure  of  power  and 

force 697 

Origin  of  Force 332 

Transmitting  by  ropes . . .  689 

Unemployed 63 

Vis  viva 275,  332 

Pratt,  Whitney  k  Co.,  works. 
Preserving  timber.  .36,406, 
Projectiles,  see  **Ordnance." 
Puddling,  Burden's  improved 

practice 

Furnace,  lining  for 1135 

New  theory  of,  Bennett,  151 

Machines 63, 

Piling  puddle  balls,  94, 
563, 

Richardson's 

Siemens' 

Pulleys,  for  short  belts 34(\ 

Covered  with  leather . .  .*.  604 

Differential 959 

Pumps  and  pumping  engines, 

centrifugal 108 

Mining..... 648 

Sand 426 

Ships,  see  <<  Marine  En- 
gine." 

Quarrying 311 

Quicksand,  excavating  in ... .  8 

Race,  ocean 480 

Rail  joint,  see  "  Permanent 
Way." 

Rails,  canting 941 

Compound  steel  and  iron,  423 

Consumption  of ••••  379 

France,  production  in. ..  1139 

Iron,  385,  481,  944,  1080,  1100 

Manufacture  of 1100 

Reading 954.  1100 

Re-rolling 949 

Russian   ....  949 

Steel,  10.3,  279,  300,  319,  356 

385,  481,  6r>4,  607,  795,  936 

939,952,991,1138,  1139 


175 
480 


464 


280 

659 

280 

37 


Page. 

Rails,  Use  in  America,  1137,  1138 
Steel    headed,    54,    345, 

42.3,  433,  481,  949,  953,  1138 

Steel  vs.  Iron......  664,  11 UO 

Tost  of 939,  991 

Testing  machine  for. . 95,  666 

Utilizing  old  steel 564 

Railway,  accidents,  82,  253, 
379,636,951,  703,821, 

857,  906,  1051 

Accom  modations 65 

Alpine.... 668,  859,  953,  1147 

Altitudes 479 

American,  English  view,  625 

Baltimore  Union 283 

Belgian 3S0 

Brakes. 69,  518 

British,  12  great 284 

British     statistics,    189, 

284,  380,  568,  569,  661 
BrOethal  valley,  narrow 

gauge 4.33 

Caiifornian 283 

Canadian 380 

Cars,  see  **  Cara." 
Central  rail  system,  569, 

639,  661,  690,  950,  1006 
Cheaper    working,    243, 
364,  378,  429,  464,  594, 

769,  776,  1050,  1120 

Chicago  and  Alton  works  667 
Burlington    and 

Quinoy  works,  667 
Rock  Island  and 

Pacific  works,  560 

China,  for 207 

Consolidation 858 

Construction ....  81,  243, 

364,378,429,  481,713,  941 
Communication,  passen- 
ger k  guard,  478,  496,  667 
Curves,  setting  out,  143,  713 
Working  sharp..  664 

Dutch 190 

Duties  on  traffic  .....•••  665 

Earthwork 713 

Economy  of  transporta- 
tion on 379 

Education  for  soldiers. . .  566 

Egyptians 82 

Engineers,  German  Asso.  569 
European,     trans-conti- 

nenial 284 

Fast  running  ..190,  668,  951 
Ferries....  190,  208,  456, 

539,  666 

French 284,  478 

Gauge,  82,  284,  364,  380, 

433,  479,  569,  668,  1051 

Georgia 82 

Government     connection 

with  ....190,  243,364,  668 
Gradients,  steep ....  238, 

244,  421,  446,  1006 
Gradients,  working  with 

a  run 1025 

Highways  of  nations ...  1075 
Indian.... 284,  .380,  479, 

570,  668,  856,  951 

Inspection 82 

Insurance  tickets 82 

Irish 80 

Italian 282 

Library 284 

Long  runs 1147 

Mania 284 

I         Mauritius,  work 'g  grades    424 


8.^ 
282 
951 
663 


1146 

769 
664 
352 


Page. 
Railway,   Metropolitan,    see 
•'Railway  underg'd." 
New  llaven  and  North- 
ampton   

N.  Y.  city  affected  by 

improvements 
N.  Y.  Central  station. 

N.  Y.  State  railwas 1146 

Oscillation  of  trains 1051 

Pacific...  190,  283,  569,     953 
Pacific  railway  shops  . . . 
Paying  and   non -paying 

load 

Paris,  Sceaux  k  Limours 

Pennsylvania 7,  82, 

Permanent   way,   see 
«•  Permanent  way." 

Persian 479 

Prussian,  statisties 569 

Progress    in   the   U.  S., 

79,  189,  379,  662,     954 

Quadruple  tracks 83 

Railroad  V8.  railway •••.     857 

Reading,  shops 952 

Recent  works  k  projects,     261 
Rolling  st'k,  see  "Cars" 

and  **  Locomotive." 

Running  g'r,  see  *«Cars" 

and  **  Locomotive." 

Russian 281 

Semmering,    expenses, 

etc 

Signals 

Spanish 

Station  architecture.... 

Steamboats  Vi 

St.  Gothard 668, 

Street 263, 

Submarine 885 

Swedish 284 

Swiss  Alpine 668,     943 

Time  Ubles,  Holland...     479 

Track  layer 

Turkish 190, 

Underground,  82,  98, 284, 
337, 

War,  uses  in 

Wire  rope 334,  645, 

Wooden 283,  1108 

World's,  the 380 

Reservoir • 263 

Retarding  railway  trains,  see 

<*  Brakes." 
Reviews  of  books,  see 

«  Books." 
Reviews  of  the  year  1868,  2,    109 

River  floods 352 

Riverside  construction 523 

Rivets,  strength  of 101 

and  riveting 593 

Roads 74,  89,  522,  763,    893 

Roberts  Algernon 31 

Roebling,  John  A 862 

Rockets 376 

Roofs,  lead  covering 889 

Strains  in,  see 
"Strains." 
Roller,  steam,  2^7,  589,  650,    960 

Rolling  mill,  gearing 399 

Large  rolls 280 

Machinery,  96,  280,  399,     658 

I         Universal 217 

Rolling  stock,  see  "  Cars  and 
!              Locomotives." 
.  Roman  masonry  and  mortar, 
I                                                  54,     2S9 
I  Pope,  stiffness  of 1121 


281 
81 
283 
223 
668 
953 
985 


81 
858 

845 
186 
766 


CONTENTS. 


vii 


Page. 

Rowing  and  steaming 958 

KunnLng  gear,  see  *'  Loeomo- 
live»»  and  •*Car.»' 

Bas«ell,  N.  8eott 20 

John   Scott    on    railway 

Ferries 666 

RaMia>  metal  product  of....  850 

Saw  works 158 

Scaffolding 125 

Scale  in  U>ilers,  see  '*  Boil- 
ers." 

Schools,  Chicago 172 

Classical  vt,    technical, 

50,  576,  1104 

English,  technical   575 

French,  technical.  ..116,  405 

Lafayette  College 304 

New  system  of  scientific,  116 

Italian,  technical 170 

Rensselaer  institate,  302,  575 
Scientific  in  the  U.  S.,  16, 

50,  486,  673 

Scientific  rs.  practical..  1104 
Screw,  see  ^'Marine  Engine.*' 
Seacoadt    defense,    ttO^    345, 

712,  870 

Sewage,  carried  by  water. ..  881 

Composition  of 793 

Gas  from 1093 

Report  «<  British  Asso." 

on 1033 

Systems,    requirements, 

etc 245,   1033,  1088 

Utilisation  of^   44,   245, 

605,  1033 
Ventilation  and  trapping 

of  drains 731 

Shanks,  Andrew 672 

Shafting,  hollow  and  solid. . .  333 
Shells,  see  «  Ordnance." 

Shingle  machine 95 

Ships,  see  also  <*  Marine  En- 
gine." 

"Adriatic," 1152 

British  statistics 959,  1152 

Confltniction...l91,  288,  726 

Forms  of  steamehips ....  726 

G  rcat  Eastern 863 

Iron 55,  728,  768,  892 

Advantage  for  sailing  605 

Molasses 16 

P.  and  0.  fleet 288,  575 

Psjtsenger  steamships...  640 

Kosi:«tuDce  due  to  depth,  45 

^Safety  of  steamships  203,  1085 
Screw   rt.    Paddle,    556, 

575,  950 

Scotia,  fast  Toyage 768 

S«a  going,  Merrifield  on,  1016 

Sheathing 245,  1152 

Stability  of  floating  docks  635 
Steering   apparatus   hy- 
drostatic;   1084 

"Stonewall"  disaster..  1085 

Western  rirer  navigation  288 

Winans*  cigar 125 

Ships  of  war 33 

See   also    "Marine  En- 
gine." 
Armor  plated,  377,    567, 

529,  943,  1090 

Armor  rt.  speed 566 

Austrian 473 

British   iron   dad    fleet, 

449,  1048 

"CapUin" 531 


Page. 
Ships  of  war,  European  iron 

olads 376 

French  navy,  471,   758,  1046 

"Hercules" 204,     472 

"Inconstant" 1140 

Italian 567 

"  Koenig  Wilhelm  >»....     296 

"Monarch" 1143 

Monitor,    English,    187, 

598,     839 
System,      33, 
287,470,757,     839 

Naral  engineering 463 

North  German  fleet 1141 

Russian 758 

Sea  going  turret 470 

Steam   launches 468 

Stevens  battery 1143 

Submarine 1048 

Turkish 758 

U.  S.  navy,  details...,     566 

British  squadrons 187 

Wooden.. 472 

Shipbuilding  in  the  U.S....       95 

Shoddy  gold 22 

Siemens'    furnace,    37,   279, 

287,  1118,  1138 
Address,  British  Asso. . .     865 

Signals 81,     768 

Silsby's  fire  engine  works...     126 

Silver,  in  circulation 176 

Plating 671 

Situation,  the 2 

Slag,  blast  furnace,  utilized, 
466,     795, 
Society    of    practical    engi- 
neers, the  N.  Y 

Engineers  and  associates 

Soda  furnace,  revolving 

Soundings,  deep  sea 

Solar  rays,  working ........ 

Spectroscope 507, 

Speed  in  travel 768 

Spirit  level 996 

Sporting 95 

I  Squeoser,  novel 32 

I  St.  Paul's  cathedral 191 

State   engineer  (N.  Y.)  re- 
port  385, 

Station,  railway,  architecture 

Stars,  heat  of 

Steamboats,  see  "Ships." 
Steam  carriages,  see  "  Trac- 
tion Engine  and  "  Lo- 
comotive." 
Steam    engine.   Aero    steam 

engine 678,  1109 

Agricultural,  see  "  Ag- 
ricultural Machin- 
ery." 

British,  returns  of 576 

Condensation    in,     613, 

801,     930 

Condensers,  air  surface,     527 

surface  tubes,  1149 

Corliss 26,     823 

Cornish,  duty  of 864 

Determining  power,  816,  1071 

Fairbairn 768 

Forey  and  Doukin's  ex- 
periments   787, 

Horse   power 538, 

Marine,  see  "Marine  En- 
gine." 
Pumping,    see     **  Water 
works"  and  "Pumps." 
Testing... 693,  787,  816, 


1095 

5 

446 
603 
960 
170 
585 


481 
223 
672 


893 
816 


893 


Page. 
Steam  engine, Watts,  history 

of 915 

Woolf 26 

Yacht 1027 

Steam  fire  engine 383 

Steam  gauges 975 

Steam  hammer,  fifty  ton ....  457 

Forty -two  ton 948 

Morrison 958 

Steam  and  power  ham- 
mers   828 

Thwaites     A    Corbutt's, 

294,  958 
Steam  navigation,  see 

"Ships"  and    "Ma- 
rine Engine." 
Steam  on  Canals,  see    "Ca- 
nals." 

Steel,  Armstrong  on 949 

Axles,  see  "  Car." 

Bagg's  improvements...  850 

Berard's  process 1 138 

Bessemer,   see    *'  Besse- 
mer Steel." 

Blister,  analysis  of 1945 

Breaking  masses 276 

Burned,  curing 563 

Carbon  in 129 

Car  wheels,  see  "  Car.** 

Castings 683 

Chenot 69 

Chromium 188,  373 

Composition 24 

Compressing  liquid,  188,  277 

Cranks,  oast  from.. 1128 

Direct  from  the  ore 188 

Experiments  on,  at  joint 

expense 754 

Exportations  of  English,  946 

Fairbairn  on 270,  10u9 

Flexion  of 564 

Frogs 532,  683 

Gallet's  process 188 

Hardening,  liquids  for..  117 
Ueaton  process,  75,  161, 

200,  495,  756 

James  &  Jones'  process,  188 

Manganese  in,  use  of. . .  187 
Manufacture  in  U.  S., 

371,  949 
Soc    Civil    engineers, 
France,  discussion  of, 

999,  1017 
Mechanical  properties  of, 

Fairbairn 270,  1009 

Nickel,  plating  with ....  756 
Nitrate,  see  "  Steel, 

Heaton." 
Park  A  Love's  process..  781 
Penn.  railway,  use  on. . .  1042 
Phosphorus,  efi'ect  of,  448  659 
Pig  iron,  grinding  to  pro- 
duce   189 

Pittsburgh  works 949 

Plates,  see  "Boilers." 

Pomeroy  patents 945 

Qualities  of 1044 

Rails,  see  "  Rails." 

Railway  oars 280 

Scrap,    utilizing 564 

Shotting 188 

Siemens'  Martin  process, 
32,  186,  446,  485,  660, 

701,  756,  947,  1078 

Siemens'  open  hearth. . .  947 

Specific  gravity 280 

"  Steel  at  any  price  "...  949 


CONTENTS. 


Page. 

Steel,  Strength  of,  210,  4«5,  1009 

Tempering 117>  188 

Testing  machine 757 

Tubei,  punched 757 

Worki,  tee    <<  Iron  snd 
Steel  WorkB." 

Stereotype  platea 409 

Stock  yard,  Commanipaw...  191 

Stone,  artificial 763 

See  aleo  **  Concrete.** 

Breaker 95,  311 

Building,  eee  <<  Ma- 
eon  ry." 

Strains  in  girdere 649 

Geometrical  determina- 
tion  13,  218 

Loads  on  girders 696 

Papers  on  construction, 

288,  805,  497,  577,  674 

Streets,  how  to  lay  out 156 

Washing  and  sweeping. .  763 
Submarine  blasting,  se«  «£x- 
plosive  agents." 
Engineering)  see  '<  En- 
gineering." 

Sues  canal •  169 

English  opinion 252 

Effect  on  climate 69 

Particulars  ....  169,  252,  347 

Sugar,  ne«  system  of  boiling,  108 

Sulphocyanide  of  Ammonium,  121 

Sulphuric  acid,  manufacture,  609 

Sulphurmines 322 

Supersaturated  solutions....  101 
Surveying  instruments,  996,  1094 
Computation   of    earth- 
work   650 

Talcott,  Wm.  H 31 

Taps 280,  976 

Telegraph,  British  bill 863 

Cables,    submarine    and 

recovery  of 683 

Engineering  in  1869 124 

Enterprise 1150 

French  military 895 

Atlantic 576,  68! 

Qovemmont  control  of-.  200 

Temperatures,  to  ascertain . .  172 

Temple  bar 263 

Testing  large  pipes 44 

Machine 757 

See   "Hydraulic." 

Rails  and  axles 991 

Thermal  energy  of  molecular 

vortices 992 


Page. 
Tides,  to  estimate  foroe  of. ..  1161 

Tie,  spotting  machine 667 

Timber,  preserring.. 86,  406,    480 
Tin,  eifeot  of  oold  on ... .  384,    688 

Lined  lead  pipes 43 

Tools,  belts,  oenuif ugal  force 

of 417 

Belts,  large 480 

Paper 480 

Building 125 

Centrifugal  foree  of  shafts    598 

Lathes,   heary 384 

Machine  tools 82,  1056 

Taps,  tempering 280 

Improred  shape,  976,  1152 
Transmitting  power    by 

ropes 689 

Torpedoes 187,  288,  632,  1143 

Morable  harbor  obstruc- 
tions       567 

Traction  on  roads 893 

Traction  engines 41,     583 

Areling's  plows  and,  957,     993 

French.   ... 209 

Steam  road  rollers,  287, 

687,650,    960 

Thompson's 41,  1 150 

Rubber  tyres 41 

Transmission   of   power  and 

motion 256,    689 

By  ropes    689,  1131 

Trees,  California,  big 384 

Trinidad,  pitch  lake 320 

Truck,  see  "  Car." 
Tubes,  see  also  "  Pipes." 

Metallic 1074 

Setting 805 

Tunnel,  Chicago 81,    488 

Draining  by  syphon 990 

English  channel,  see 
*<  Channel." 

Hoosac 80,     320 

Ireland  to  Scotland 478 

Mersey 488,     1049 

Mont    Ccnis,    164,     281, 

478,  1051 
Safety  of  workmen  in. . .     479 

Setting  out 713 

Subaquatic 1096 

Thames 1051 

Turbine,  see  "  Water 
Wheel." 

Tyres,  steel 279,319,  1042 

Fastening 319 

Underground     railway,     see 
•*  Railway." 


Page. 

Yalre,  Brown's 968 

Motion  and  gear 

Zeuner's  diagram  SO 

Church's  ralre..  841 

Yelocepedes 688,    768,  1055 

Ventilation 960 

Stimer's  system 811 

Cars,  see  «  Cars." 
Mines,  see  ''  Mining." 
Vis  Viva,  see  "  Power." 

Walking  machines 95 

War,  casualties  of 469 

Cost  of 1141 

Railways  in 186 

Ships,  see  "  Ships  of 
War." 

Washburn,  Ichabod 102 

Watches 51 

Watering  roads 89 

Water,  abrading  power 1015 

Pacific  railway,  boiler..  1050 

Power  in  Maine 124 

Wheels 67,767,  880 

Works,  Brooklyn 864 

Holly 's  system . .  45 

Lyons,  proposed  226 

Memphis 177 

Particulars      of 

various,  works  177 
Reservoirs,  con- 
struction of  . .  263 
Supply  for  eity,  177 

Wave  power 959 

Weights,  Freneh  and  English  287 

Wharf,  coal,  at  New  Haven,  288 
Wire  rope  transit... 334,  645, 

766,  1152 

Qauge,  Birmingham....  1030 

Wittrams' anchor 160 

Wood,  cabinet  making 129 

Drying  green 675 

Fuel  for  blast  furnaces..  818 

Paper 89 

Pavements,  see  <<  Pave- 
ments." 

Preserving 36,  406,  480 

Wasteof 155 

Woolen   manufacture  in  the 

West 51 

Woolf  engine 26 

Yacht  race 96,  864 

Yale 95 

Zeuner's  valve  diagram 20 

Zinc,  alloy  with  iron 1043 

Zirconia  light 335 


VAN   NOSTRAND'S 

EIOXjEJOTIO 

ENGINEERING    MAGAZINE. 


No.  I.-JANUARY,  1869.-VOL  I. 

Lr  introchicing  to  the  Professioii  this  novelty  in  engineering  literature,  the 
Publisher  wonld  respectfollj  submit  the  following  considerations : 

First. — ^Although  the  matter  is  to  be  selected  from  the  professional  serials, 
it  win  not  largely  consist  of  articles,  nor  slices  of  articles,  merely  cut  out  of 
corrent  literature,  and  reprinted. 

The  object  is,  not  to  present  specimens,  but  abstracts  of  the  current  fact  and 
opinion.  These  abstracts  are  intended  to  be  the  net  result — the  useful  impres- 
sion that  would  remain  upon  the  mind  of  an  expert,  after  carefully  reading  the 
mass  of  matter  from  which  they  are  derived.  The  condensation  must,  therefore, 
be  performed  more  by  the  pen  than  by  the  scissors. 

Second, — The  reason  why  such  a  magazine  is  introduced,  is  that  the  great 
body  of  Engineers  and  Artisans  can  rarely  afford  the  money  to  buy,  and  never 
the  time  to  digest  the  whole  volume  of  professional  literature.  Excellent  and 
indispensable  as  are  the  few  serials  so  widely  circulated,  each  in  its  own  depart- 
ment, they  do  not  largely  embrace  other  departments,  and  they  deal  too  much 
in  specifications,  and  details  of  evidence  and  argument,  to  be  thoroughly  read ; 
they  are  rather  consulted  for  special  information,  and  filed  for  reference. 

It  is  therefore  proposed  that  several  experts,  actively  engaged  in  different 
branches  of  the  profession,  and  hence  competent  for  the  task,  shall  specially 
devote  a  part  of  their  time  to  searching  out  and  compiling  such  information, 
that  all  others  interested  may  keep  themselves  informed  in  these  great  arts  and 
sciences,  liberally  and  intelligently,  but  also  easily,  agreeably,  and  at  a  small 
expense  of  money  and  time. 

Especial  effort  will  be  made  to  weed  out  of  the  matter  compiled,  all  that  is 
irrelevant,  inconclusive,  and  merely  formal;  and  also  to  present  the  cardinal 
points,  rather  than  the  minutiae  of  evidence  and  specification. 

There  are,  of  course,  occasional  leaders,  papers,  reports,  and  abstracts  which 
should  not  be  omitted,  but  which  can  hardly  be  condensed  without  being  gar- 
bled. 

The  French  and  German  magazines  will  be  largely  translated,  and  profes- 
sional news  will  be  gathered  from  all  sources. 

The  following  pages  are  confidently  referred  to,  in  farther  explanation. 
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THE  SITUATION. 

The  past  year  has  witnessed  a  large 
development  in  many  new  and  a  few  re- 
markable enterprises,  and  it  has  presented 
to  the  profession  more  than  the  usual 
number  of  revolutionary  schemes  and 
*' great  expectations."  The  rapid  ad- 
vancement of  the  Pacific  Bailroad,  and 
of  lines  of  transportation  all  over  the 
world;  the  enlargement  of  communica- 
tion by  telegraph  between  innumerable 
little  towns  as  well  as  between  continents; 
the  extension,  by  engineering  works,  of 
commerce  and  civilization  at  large,  and 
more  noticeably  in  America  since  our 
energies  have  been  concentrated  upon 
the  arts  of  peace,  and  notwithstanding 
the  commercial  dullness  due  to  political 
uncertainties,  the  remarkable  increase 
of  manufacturing  and  preparations  for 
manufacturing  in  all  departments; — ^these 
enterprises  have  fully  kept  pace  with  the 
requirements  and  the  spirit  of  the  age. 
It  is  proposed  in  the  present  article 
merely  to  refer  to  the  condition  and  to 
the  direction  of  progress  in  a  few  of  the 
engineering  works  and  problems  most 
prominent  just  now  in  America.  In  a 
future  number  of  the  Magazine  the  spirit 
of  the  new  year  editorials — those  careful 
and  often  excellent  reviews  of  work  done 
and  laid  out,  that  give  so  much  value  to 
the  January  numbers  of  the  professional 
serials — will  be  foithfully  compiled. 

Railways. — ^A  radical  improvement  has 
been  commenced  in  locomotive  practice. 
Ten  years  ago  it  seemed  probable  that 
engines  and  freight  trains  especially 
would  be  lightened,  to  save  the  permanent 
way.  Meanwhile  the  economy  of  long 
trains,  despite  the  rapid  destruction  of 
permanent  way  by  the  necessarily  heavy 
engines,  was  established,  and  then,  as  is 
usually  the  case  when  the  right  system 
has  been  ascertained,  a  way — a  steel  way 
— ^was  provided  to  carry  it  out.  But  the 
radical  improvement  to  which  we  refer, 
althou<?h  in  the  same  direction,  affects  the 
locomotive  itself.  To  draw  heavier  trains, 
and  at  the  same  time  to  decrease  road 
Wear,  would  seem  to  demand  two  oppo- 
site qualifications  in  the  same  machine. 
We  may  indeed  set  heavier  boilers  and 
machinery  upon  10  or  12  driving  wheels, 
but  such  a  length  of  rigid  wheel  base 
wastes  in  lateral  strains  and  frictions, 
what  it  saves  in  the  distribution  of  verti- 


cal load.  The  "missing  link"  in  the 
system  was  the  lateral  articulation  of  the 
locomotive,  and  this  }^bs  now  been  sup- 
plied in  several  forms,  which  will  be  here- 
after referred  to.  Fairlie's  plan,  already 
introduced  in  England  and  in  America, 
is  placing  upon  2  independent  loco- 
motives without  boilers,  a  single  boiler 
capable  of  driving  both  with  only  the 
attendance  required  by  one.  Freeborn's 
system,  which  has  only  reached  the  stage 
of  working  drawings  and  expert  indorse 
ment,  is  the  communication  of  engine- 
power  to  any  number  of  index>endent 
trucks,  by  means  of  bevelled  gearing. 
Gearing  is  not  a  favorite  word  in  loco- 
motive practice,  but  we  think  its  standing 
is  likely  to  be  improved. 

Carrying  6  or  8  tons  on  1  wheel  in  a 
train  requires  as  much  strength  of  per- 
manent way  as  if  every  wheel  bore  the 
same  load.  When  driving  wheels  carry 
but  2  or  3  tons  each,  like  other  wheels 
(and  the  articulation  of  rolling  stock 
makes  this  feasible),  the  permanent  way 
may  be  reduced  in  strength  and  cost 
2  or  3  fold,  and  will  be  so  reduced 
with  advantage  on  lines  of  light  traffic;  or 
the  endm*ance  of  a  given  weight  of  per- 
manent way  may  be  indefinitely  in- 
creased. To  this  end,  indeed,  the  super- 
structure of  heavily  worked  lines  abroad 
is  being  strengthened,  while  at  the  same 
time  the  individual  strains  are  being  re- 
duced. All  this  promises  economy  in  the 
working  and  maintenance  of  way  and 
power. 

It  should  abo  appear  that  the  maxi- 
mum weights  of  cars  are  reached.  There 
are  sleeping  coaches  on  the  Erie  road 
weighing  40  tons,  with  9-ton  trucks.  The 
greatest  profits  are  made,  of  course,  on 
luxuries,  and  railway  companies  can 
hardly  overdo  the  matter;  but  we  think 
railway  shareholders  might  have  a  little 
larger  interest  in  such  profits,  and  that 
the  most  Golden  Alhambras  might  be  put 
on  more  wheels,  or  cut  up  into  smaller 
Boudoirs.  There  is,  however,  a  growing 
tendency  towards  lighter  parts;  this 
is  accomplished  by  better  shapes,  but 
chiefly  by  the  substitution  of  steel  for 
iron.  In  England,  the  use  of  iron  tyres, 
crank  pins,  rods  and  axles,  would  be  con- 
sidered barbarous.  And  in  this  country 
steel  rails  and  tyres  are  introduced  with 
commendable  rapidity,  and  the  demand 
for  steel  shapes  is  increasing.    When  iron 
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ndls  break  by  the  1,000  a  month,  as  on 
the  £iie,  and  tests  are  rarely  if  eyer 
required  by  porchasers,  the  necessity  for 
subjecting  steel  to  the  most  rigid  and 
often  inappropriate  trials  seems  rather 
sudden;  bat  we  hope  the  severity  of  tests 
will  rather  be  increased  than  diminished 
— ^we  only  ask  that  they  may  bear  some  re- 
lation to  actoal  service. 

Other  improvements  are  coming  for- 
ward. We  can  but  mention  them  at  the 
present  writing:  The  close  coupling  of 
cars  by  elastic  buffers  to  prevent  oscilla- 
tion; the  interposition  of  elastic  media 
between  parts  subjected  to  jarring^  as  in 
frogs  and  wheels;  the  use  of  interchange- 
able parts  in  rolling  stock;  the  lateral 
relief  of  rolling  stock  by  means  of  the 
Bissell  truck  and  its  modifications,  and 
better  workmanship,  chiefly  due  to  better 
tools. 

Railway  accommodation  in  the  matter 
of  car  comforts,  such  as  atmospheric  air 
to  breathe,  and  water  to  hold  and  trans- 
fer heat,  is  making  notable  progress;  but 
in  the  matter  of  station  conveniences,  there 
is  room  for  improvement — ^room  in  many 
instances  that  had  better  be  occupied 
before  it  gets  too  costly.  If  the  older 
London  stations — Paddington,  Kings 
Cross,  etc. — were  not  models  of  fitness, 
the  defect  has  been  corrected  in  the  St. 
Pancras  station  690  feet  by  240  feet  under  a 
single  roof.  But  in  the  western  metrop- 
olis we  have  no  railway  stations — only 
places  on  the  map  at  or  about  which 
passengers  embark  or  alight.  This  is, 
perhaps,  not  to  be  regretted.  Any  costly 
down-town  stations  in  New  York  would 
only  postpone  the  grand  work  that  is 
certain  to  be  built — a  roof  1.000  feet 
long  and  indefinitely  wide,  in  Harlem, 
where  passengers  land  from  underhouse 
or  overhouse  railways  leading  to  the 
Battery,  and  whence  they  depart  directly 
for  the  cast  and  north,  and  by  way  of  a 
high  bridge  across  the  Hudson  for  the 
Routb  and  west.  In  Philadelphia  a 
similar  grand  plan  is  more  nearly  worked 
out.  All  the  lines  entering  that  city  will 
soon  terminate  under  a  new  St  Pancras 
on  the  bank  of  the  Schuylkill,  opposite 
the  waterworks.  In  the  western  cities 
the  building  of  stations  has  been  under- 
taken on  a  liberal  scale,  and  in  many 
cases  carried  out  on  a  permanent  and 
suitable  plan. 

The  disestablishment  of  railways,  plac- 


ing them  under  Government  manage- 
ment, is  not  likely  to  be  undertaken  here 
at  present;  but  the  thorough  discussion  of 
the  subject  in  England  will  at  least  reform 
abuses  m  the  present  system. 

Meanwhile  highway  transportation, 
which  has  been  growing  more  expensive 
and  unsatisfactory  for  1,000  years  or . 
more,  is  likely  to  be  improved.  In  the 
vicinity  of  cities,  light  steam  passenger- 
cars  are  substituted  for  horse-cars.  Mr. 
Bridges  Adams  advocates  the  laying  of 
rails  on  all  principal  highways.  Not- 
withstanding the  better  adaptation  of  the 
steam-carriage  to  indifferent  roads  by 
means  of  rubber  tyres,  some  sort  of  rail 
or  tram  giving  a  smooth,  hard  bearing, 
will  be  found  indispensable,  whatever 
motive  power  may  be  used.  The  advan- 
tages of  the  rail  are  minimum  width  and 
cost  of  way,  and  convenience  in  steering; 
its  disadvantages  are  flange  friction  and 
inconvenience  in  turning  out  The  plank 
road  is  too  perishable  to  be  considered, 
except  as  a  temporary  ei^edient  The 
great  American  mud  road  is  utterly  bad, 
unnecessaiy,  and  disgraceful  In  short, 
what  we  have  to  do  is  to  pave  the  way  for 
cheap  steam  power.  Cheaper  and  quicker 
common  road  transportation  is  one  of 
the  most  important  and  most  neglected 
problems  of  the  day;  railway  managers 
little  realize  what  they  are  losing  by 
ignoring  it  Thousands  of  isolated  til- 
lages that  go  to  seed  under  the  "  accom- 
modation" of  a  Concord  coach  at  4 
miles  an  hour,  would  grow  into  large 
centres  of  traffic  and  revenue  if  connected 
with  the  nearest  railway  by  a  tram-road, 
upon  which  a  4:-ton  locomotive  could  nin 
at  8  miles  an  hour.  But  until  very  lately 
the  idea  of  an  intermediate  stage  between 
a  100-ton  train  on  a  regulation  railroad, 
and  a  lumber  wagon  ill  the  mud,  seems 
not  to  have  been  largely  considered. 

Iron  and  Steel. — It  would  be  difficult 
to  exaggerate  the  collateral  advantages  of 
the  Bessemer  process.  Were  that  great 
art  to  be  lost  to-day,  the  impetus  it  has 
given  to  cognate  arts — to  invention  and 
discovery  in  the  treatment  and  means  of 
treating  iron  at  every  stage,  from  the 
mine  to  the  ultimate  market,  would  have 
already  rendered  it  the  most  important 
invention  of  modem  times.  We  cannot 
undertake  in  this  article  even  to  mention 
all  the  promising  enterprises  in  this  direc- 
tion.   The  Bessemer  process  in  Europe  is 
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prviiurirH^  not  Ipsm^  tliaa  half  &  xzuUii^a 
U>nfA  f^i  <9f>^  p^r  ?ear.  la  Xxneru^  it  ia 
Ao^r  fnllv  ^^<»U>lwhed.  Aft<er  mainTny 
m-^rn^^,  ivkd  .4f.^>^i,  fUirl  4onm  that  wan  on- 
.^uteKI^,  for  f:h#i  pnrpo«?i  inseiuii^  in  the 
f*.virv^,  '->f  im»^  ^xperim^nr^  -srlth  rtatrift<i 
ir'-»n«.  f.h^  m»llfl  ai;  Troy  and  Harrjibnrsj 
a-'^,  rt<'>'r  rASpiiarly  tiimiiujc  ont  rails  aod 
Ai\fi.jyv4  that  ar'i  an  rftjjfnlariy  acf;epted 
arrAT  rl<:f>l  ?>«**  anH  /v^mpariflons  tvith  the 
f>r<»i!:fn  «rt^i^,la  Th<^  Fr/^^^ioia  and  the- 
Ci'>'^'iland  work^  hav^  alar>  corameQced^ 
flriryv,W»il  matinfa^ar^  .SnifAhle  orea- 
for  B'^vwnwir  irt^^l  ar<i  pUmtiftil  in  all 
jytrU  of  th*%  VnitM  HtMtefi,  B»it  thii  hLwt 
iyr(\^yA  pr9yr^\^A,  with  .^oinii  exceptiona,  ia 

/'»U  r>f  f.h/^,  ^Allaf/sral  i^rxKtAf^PA  fA  the 
fW^'Wfircfit^  pr-'yv^wi  a^ir/'>«yl,  haa  b*ien  the 
/•••Aati/'^n  ^♦f  im/^b  a  demand  for  pnre, 
Jii^hly  ^>*rVmrize/l,  nniform  pijjf  iron,  that 
ariy  ftxp*m«^  waa  warranter!  in  order  to 
Tfii^f^,  it,  Aftd  the  ft^xjner  the  frimace 
managers!  in  thin  eonntry  ^apple  with 
thi»  prohUifi,  with  a  determination  to 
^/I/^j  >t,  the  Utter  it  will  1^  frjr  all  con- 
r^nerl.  Hyikkln^  fA  hlaftt  famace  prac- 
fi/'-S  the  hr»t  hla«it,  always  eonMidered 
(^^/n\mu\ofy},  \mt  UfA  alwajfi  prrKlnctive  of 
f  lie  fK^jt  ir/>Ti»  i»  n^/w  <Ieeroed  f^rjnally  val- 
n-U/le  f  nr  IMh  rjoalitj  and  quantity. 
'Hie  hot  bla<«t  >jrin^»  rlown  more  impnri- 
f  ie«i,  }m\.  n h ifa'ffe  ftaxf « (;1  i m i n ate  the J4f5  im- 
piirit.i/i<i.  Th^  ntili/^ti/m  of  fiimaee  pfases 
wa<«  at  rme  time  ahan/l/me<l  in  certain  diu- 
tri/:f-»,  hfit  more  Mkilfui  working  ha»  re- 
vvi^fiX  the  dini<ailMe«i  eneminf^^red  In- 
/'•od,  in  the  !>e»t  Arnerican  practice,  the 
rlMf^triMori  (rf  the  ^aM<fiatthe  tunnel  hea^l, 
hy  rn'^ariH  of  rneclianical  fcfj^lin^  appara- 
\m,  hanheen  found  nnneceHMary;  the  gases 
are  iitili/^nl  before  they  arrive  at  the  tun- 
nel tiead.  It  Mhould  certainly  seem  ab- 
nurd  to  throw  int^o  the  air  a  great  volume 
of  flame,  and  then  complain  that  there  is 
no  fl'ime-giving  ga^  to  bn  spared.  In- 
<«reased  height  of  fnrnacoM— over  100  ff^it 
in  th#>  0Iev4qan<l  <liHtriet— lias  largely  in- 
rrnased  the  yieM,  anrl  bf»tt.ere<l  thc^  (luality 
of  pig-iron.  The  innreaso<1  contact  of  the 
Iron  with  Inciuidescont  carbon  from  this 
eatirtc.  is  of  pnculiar  advantage  for  the 
nrodunUoft  of  llossenicr  metal.  It  is  true 
that  the  iticreased  tnninoruturo  duo  to  a 
high  siaek  luid  tlie  hot  nlant  reduces  and 
ooniliiuns  every  metal  of  which  the  ore  ex- 
l-4i<4  \w  \\\\\  maieriul  charged —manganese, 
iUitiiiiniuin»  silioum,  etc.— but  the  greater 


onxnbtfir  af  the  metals  so  reduced  an 
vainobLe  aOoyii.  iimi  die  remainiia-  nuiy 
be  ^ilimioAted  by  proper  inrrng^  Bat  the 
capacity  of  the  Fng^iwh  coke  ta  ^nstain 
die  w«>ight  of  che  •iiiaz^<et^  in  a  lOOfeei 
fiimace  id  an  adranrage  yi^siX.  csumot  be 
certamly  predicted  ibr  our  anthrarite, 
lu  ia  &>  be  hoped  that  the  proper  shaping 
of  the  boflheSr  ^"''^  other  wi«»«>h^w4rf»a^l  ami 
working  featnresy  wiH  ^ve  us  an  e^nal  ad- 
vantage;— or  rasher,  it  is  to  be  hoped  that 
OUT  blase  fizmaee  managers  wHl  test,  at 
aome  litcle  cost,  tKi>  rfipfttntrtf^g  of  home 
macerisJa  with  reference  to  modem  for- 
eign practice.  We  are  not  donbtfol  as  to 
the  resolt,  H  we  can  oniT  get  a  thoroogh 
test. 

SeTeral  newproceases  for  deearborizing 
erode  iron  are  on  triaL  In  America  the 
mixture  of  magnetic  ores  with  lioid  cast- 
iron,  and  in  England  the  ponring  of  erode 
iron  npon  a  carfoon-be.iring  mineral — 
nitrate  of  soda — are  at  least  practicable 
snb6titatesforthefinerTproces&  liHiether 
thej  are  more  than  this  rezmiins  to  be 
proved,  and  the  hopes  of  a  wider  range 
of  interests  than  those  directly  concerned 
are  hanging  npon  the  results^ 

The  derelopment  of  flame  fomaces,  for 
heating  and  paddling,  is  one  of  the  lead- 
ing improvements.  The  Siemens  fomaoe 
almont  rivals  the  Bessemer  process  in 
practical  economy.  The  production  and 
miming  of  coal  gas  has  been  achieved 
by  various  inventors,  in  various  ways,  but 
the  regenerative  feature  of  the  Siemens  fur- 
nace enables  it  to  maintain  an  intensity  and 
a  regulated  quality  of  flame,  that  should 
preserve  the  material  treated  and  the  fur- 
nace itself  against  excessive  waste.  Un- 
der the  Pomeroy  patents,  the  use  of  man- 
ganese as  a  purifier,  and  of  steam  both 
as  a  heating  and  a  purifying  agent  in  the 
furnace,  excellent  steel  is  being  produced 
from  old  iron  rails  and  Franklmite  ore  or 
residuum.  The  Chenot  steel  process,  de- 
pending upon  the  securing  and  utilization 
of  the  wrought-iron  sponge  first  formed 
in  the  blast  furnace,  and  other  modes  of 
treatment  at  every  stage  of  manufacture, 
are  liaving  the  benefit  of  thorough  triaL 
Tlie  Siomens-Marton  process,  the  produc- 
tion of  steel  of  various  grades  from  cnide 
wrought-iron  and  cast-iron,  in  the  Sie- 
mens furnace,  is  well  established  abroad, 
and  has  been  successfully  commenced, 
under  favorable  auspices,  here. 

Moauwhilo  the  old  crucible  steel  pro* 
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,  or  rather  the  new  crucible  steel  pro- 
eesSy  instead  of  being  superseded  by  the 
other  processes,  has  had  the  benefit  of 
such  improvements  and  economies,  that 
it  is  still  the  dose  competitor  of  them  alL 
It  is  fortunate  for  us  that  the  best  English 
talent  and  experience  has  found  a  resi- 
dence among  us. 

For  ihe  production  of  steel  castings, 
the  Bessemer  process  is  thus  far  inade- 
quate— the  metal  cannot  remain  "dead 
melted"  long  enough  to  part  with  its 
bubble-giving  gases.  But  the  crucible 
process  is  to-day  producing  steel  castings 
— gearing,  frogs,  cranks,  and  substitutes 
for  wrought-iron  forgings,  that  are  excel- 
lent substitutes  for  forgings,  in  every  par- 
ticular. This  manufacture  is  so  new 
among  us  that  we  hardly  appreciate  its 
importance. 

In  the  machinery  for  working  iron  and 
steel,  we  have  more  metal  and  better 
fitting.  The  steel  rail  train  at  Harris- 
burg  and  the  new  iron  trains  at  Heading 
are  as  ponderous  and  accurate  as  marine 
engine  work.  We  have  but  few  heavy 
steam  hammers  in  this  country,  and  no 
hydraulic  forging  presses  The  use  of 
wrought-iron  box-frames  for  hammers, 
crones,  etc.,  has  hardly  commenced  here, 
although  it  is  common  abroad. 

Steam  Navigation  has  experienced  no 
radical  change  of  late.  The  size  of  ships 
is  creeping  up  to  Great  Eastern  propor- 
tioiLs.  The  greater  the  size,  the  less  the 
working  cost  for  a  given  speed;  always 
provided  the  vessel  is  loaded  to  her  full 
capacity.  The  Great  Eastern  is  simply 
premature.  A  most  important  change  in 
the  structure  of  iron  hulls  is  hardly  rec- 
ognized by  the  leading  builders,  strange 
to  tell,  although  long  since  brought  for- 
warcL  This  is  the  longitudinal  system — 
running  the  ribs  lengthwise  instead  of 
vertieaUy,  so  as  to  add  their  enormous 
strength  in  the  direction  of  the  principal 
strain.  No  amount  of  strength  in  the 
present  vertical  frames  of  a  ship  will  pre- 
vent her  breaking  in  two.  In  marine  en- 
gines and  boilers  there  is  little  change, 
although  there  has  been  much  costly  ex- 
perimenting. Excessive  superheating,  sur- 
face condensation,  high-pressure,  and  the 
use  of  liquid  fuel,  are  slow  and  dif&cult 
problems.  Wood  bearings  have  over- 
come the  chief  obstacle  in  the  working  of 
heavy  screw  machinery,  and  the  screw 
vteamer  is  driving  the  paddle  steamer 


from  the  sea.  With  the  screw  the  power 
of  the  wind  can  be  added  to  that  of  steam, 
but  paddles  work  at  a  disadvantage  in 
a  vessel  rolling  and  careening  under  u 
spread  of  canvass. 

Iron  Structubes,  bridges,  houses,  etc., 
are  multiplying  among  us.  On  the  prin- 
cipal railways,  such  as  the  Pennsylvania, 
the  wooden  bridge  is  the  exception.  If 
the  old  wooden  trusses  and  trestles  so 
common  on  the  older  American  roads,  are 
not  soon  pulled  down,  there  will  be  some 
frightful  "  accidents."  We  regret  to  ob- 
serve that  so  many  costly  buildings  are 
going  up  in  our  cities  with  wooden  floors. 
We  think  it  could  be  proved  that  iron 
would  pay  in  the  long  nm,  at  twice  its 
present  cost.  A  httle  economy  of  exter- 
nal and  as  a  rule  inappropriate  ornamen- 
tation, would  pay  for  fire-proof  and  du- 
rable floors. 

New  Sources  of  Power. — Captain  Erics- 
son's startling  proposition  to  utilize  the 
direct  heat  of  the  sun,  has  been  published, 
and,  in  fact,  practised  on  an  experimental 
scale  during  the  past  year.  The  foreign 
authorities  do  not  receive  the  announce- 
ment hopefully  and  with  proper  respect, 
but  they  are  accustomed  to  sudden  con- 
versions, as  in  the  matter  of  the  monitors. 
The  application  of  tides  and  wind  to  me- 
chanical uses  has  hardly  been  advanced. 
Here  are  three  forms  of  power — infinite, 
universal,  and  free — going  to  waste  centu- 
ry after  century,  while  wo  are  delving  in 
the  depths  and  under  the  sea  for  costly 
coal  to  convert  into  power.  We  cannot 
believe  that  the  limit  of  human  ingenuity 
is  reached — ^rather  that  these  subtle  forces 
are  held  in  reserve  for  the  uses  of  a  wider 
and  grander  civilization. 


THE  NEW  YORK   SOCIETY  OF  PBACTICAL 
ENGINEEIUNG. 

This  Society,  organized  a  few  months 
since,  holds  regular  fortnightly  meetings 
at  room  24  Cooper  Institute  building,  for 
the  discussion  of  engineering  subjects  ot 
a  practical  nature  and  of  public  interest. 
Meetings  were  held  on  the  evenings  of 
November  24  and  December  8  respec- 
tively, the  President  (James  A.  Whitney) 
in  the  chair. 

At  the  meeting  of  the  24th  ult.,  the 

regular  paper  on  "  Elevators  and  Hoist- 

;ing  Machinery"  was  read  by  Mr.  T.  P. 
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I'l  fr.l.' rf'.ri  'Wit  v.t:\'r  J,:i- wJ  f  i '/!/j  & 
III  II  f  » 'Ill-nil  i;i»Miri  *,t  tK<j  I.'*'/:-.'.  J^ril.'iiti v<r 
III'  lli'iilf  «if  r;ti.-'ii»f{  wi  i;')jJ:',  l/V  //i<-:ir::-.  of  a 
i'<|if  HifirAii  *i\t  t  IIm  li|:;li''h  'if  U  tr<:<:  I'i 
Hii  ' 'iii.-l  Ml' li'iii  'it  Ui<  f  ii<l<- ''.'ijf '.tJijiK  iiii'l 
niiMll.i.-iii  I  flml,  lilihl  ^Mtiiifi  tin;  piv^i 
Iniii'litil  >■•«•'".  WiM-  ll:-.*  «i  ofj  f.|i<:  V<:»S<Ih 
liii'l  III  till  Milfillirjr  (i|M  liitioir-i  of  IllOht 
iiii<  KifiM,  Mini  nil'  ittill  loiiiid  Mil  ( !)iili<'H<!  ' 
|iiiil><i  I'liini  lliiti  111*  |iiiii:t4ii  id  it  rliiSKJii-  , 
i-iiIkhi     Mini      ill  (ii-M|illiill      of     \\n'.     fH:\'frii\ 

I  liiMiii  II    iif    iliwiliiMi    now    i'iii)»loy<Mi    ill' 
iMiiii  I.  Iiiiijiliiii.'it.  iiitihiifiti'lorii-M,  i-U:    'J'lin  | 
iiMi.  itf  li(i\i<iiiiiif/  I  riiiii'M  for  liu'f.^i*  work- 1 
(>lMt|i"       \Miti      nliiiii|i;|y      fulviii'iiti-il,      linil 
mImIi  lii'M    |iiviMi    iif    lli'iHii    i<iii|i1ovim1    in 
l''.ii>-liiitil,     iiinl     ni|iiihlK     of     lil'iiii;^     itlid 

I'M  I  \  iii|i    II    liiifMi    I iiiitii\it     from    oiin 

iimI  hT  lliii  iiliit|i  In  IliM  lillii-l'.  TIm*  IIM* 
iif    in|ii>'i,    i>illH>r    (tf    litMiiji    i*r    win*,   in 

i'li>\<i(ii|ii    fill     iWlllMllfl    )ii<lr(ii|iN    \\i\H    «lis- 

ii>Minfi>niMtii*il.  mill  I'lpMitni'N  workcil  liY 
Mt'iiWM  \\i>io  ii<riiintiti'ii«li>il  for  nil  Nitrl) 
ft'M't  |t|  Mil*  ili'iiMlMriinn  Nxiui'll  follow ril, 
0  tuiihitil  \\\\tt  «>\plittiii<(t  h\  wliii-h  it  In 
|ii'lif\ii|  litifii*  niriM'ii«>i  iif  toi'k  wno  liflt'ii 
In  iM»»ii«nl  I  mil"!,  niul  wIihIi  »miimsIs  in 
ItHni*;  \\\*'  loi'li  iilliMnitlrIx  npt^ii  t^mh  of 
fwo  Inlt^ninn  plui'oil  i\\  t\  iA\fA\\  «liNt:uu*o 
i\\\\y{  nniloi  M\oi*rn(ti*  of  \\w  in:iss.  c«*it'h 
fnlrUMM  l».«m.;  •.h.jhlix  ijn?.,»,l  :»•,  tlir  v.H  k 
MH'i  {\\\%^A  \\\\  lUi'irli.Mn  Vn  <U*\;»Iuj: 
•i)^)«  n  ;HU4  x\hii  U  \'«  n-«i'ii  r.\iivi-)t  Unt.-nu. 

\\  M  »lo«vuSr»l  '»•»  ronoMuu^    of  t>\»*  \<;Ii 
»*^1  n.>Mi»<ol  plntiM  i\\'    lvi\  ,n  •.  un  :»'!«■'.  vi!.' 

f<,\»%v     C.N   ^\^^^    h\    K\^yy\:.^\    1."    :\\\*\   1:\*:.*. 

lU.*    ,M^.  V     ii>i^     v^.u,  ^  *     l^x     ■•■■..'    i;':Mx  iV,^ 

,'»s«     ,sX    ON\">    !i',^   ^,SM.O.  ;    -.1*    •*..•    I.*"'    *^.    iV." 
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Mr.  Fi.rrl.-.  fr"m  Caiifomia,  r'-'^e  a  de- 
t:iil*d  df:>«'T:pti'.»n  of  xht  int-tLod  vi 
liy^lranlio  iiiiiijiiir  in  iLat  SvhXir.  Dr.  J. 
N.  (.'.  .Smith.  ex-iljiTor  of  Bc»stoiL  jr^ve  a 
irraifhir.  d«.-scriptioii  of  "wLai  had  fallen 
iui<l«:r  his  ob-sc-rvation  in  traTels  in  Asia, 
Htatin^  bis  belief  that  unknown  mines 
Ktill  exist  in  that  ancient  country,  tnd 
iriviiii^  also  a  Kketch  of  a  rude  turbine 
wheel  which  he  bad  Been  in  one  of  the 
valleyfl  of  Anti-Lebanon,  and  which  bad 
been  in  uso  there  for  a<res  before  Ameri- 
run  turbines  were  tliouprht  of.  After 
Homo  further  discussion  on  ancient  and 
modern  up]>liances  relating  to  the  matter 
ill  baud,  tho  Society  adjourned  for  two 
W(M>kH,  with  the  announcement  that  at  the 
next  nioetinpf  the  regular  subject  for  con- 
Nidcration  would  be  "  The  Prevention  of 
Marino  Disasters." 


ENGIXEEUIXG  PROBLEMS. 

Tho  Council  of  the  Institution  of  Civil 
I'.ni^inoi'rs  invite  communications  on  the 
subjtH'ts  ctmiprisod  in  the  following  list, 
ns  wi'll  ns  up(m  others;  such  as,  Ist^ 
.Vulhfiitic  Details  of  the  Progress  of  any 
A\ovk  in  Civil  Knpineering,  as  fur  as  al>- 
solutily  executed  (^Smeaton's  Accoimt  of 
the  l\idy>t^Mio  Li^rhtbouse  may  be  taken 
:i>  .'Ui  example'';  :i*l.  Descriptions  of  En- 
j;.iieN  :r/.ii  Mr^ehiiies  of  various  kinds  ;  or, 
:v \  W:\ cv\ cii\  Fss:i\-s  on  Subj ects  connected 
v;:h  r.v.jr.r.eiriuir,  a&.  for  instance,  Metal- 
l-.ir.:\  l\>r  npr»r.*vod  ori^rinal  commimi- 
*-n!:.^v.*  ihe  e*^u ::•>:!  will  be  prepared  to 
.•n\:i:v.  y..i  rr»  v.;:uir.>  :iri«ng  out  of  special 
*.,;-...\>  .;;  \.^:ev;  f.r  The  pur]X)se. 
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, '  i',^-:.  ,*  >:-.  fr...  :v^"a;T  in  the  execution  of 

\':  r-'TT"  .i"A  dvTAils  of  con- 
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7.  On  the  systems  of  fixed  signals  at 
present  in  nse  on  railways. 

8.  Description  of  a  modem  English 
loeomotiye  engine,  designed  with  a  view 
to  cheapness  of  construction,  durability, 
and  feunlity  of  repair. 

9.  On  the  leading  points  of  difference 
between  the  engines  and  carriages  in  use 
on  railways  in  the  United  States  and  in 
Great  Britain,  and  the  reasons  for  any 
peculiarities  in  the  American  practice, 
with  details  of  the  cost  of  maintenance. 

10.  On  the  most  suitable  materials  for, 
and  the  best  mode  of  formation  of,  the 
surfaces  of  the  streets  of  large  towns. 

IL  On  the  construction  of  catch-water 
reserroirs  in  mountain  districts  for  the 
fnpply  of  towns,  for  irrigation,  or  for 
manufacturing  purposes. 

12.  Accounts  of  existing  water-works, 
including  the  source  of  supply,  a  descnp- 
tion  of  the  different  modes  of  collecting 
and  filtering,  the  distribution  throughout 
the  streets  of  towns,  and  the  general 
practical  results. 

13.  On  pumping  machinery  for  raising 
water,  both  for  high  and  low  lifts. 

14.  On  the  drainage  of  towns  and  the 
ultimate  disposal  of  town  refuse. 

15.  On  the  employment  of  steam  power 
in  agriculture. 

16.  On  the  ventilation  and  warming  of 
public  buildings. 

17.  On  the  design  and  construction  of 
gas-works,  with  a  view  to  the  manufacture 
of  gas  of  high  illimiinating  power ;  and  on 
the  most  economical  system  of  distribu- 
tion of  gas,  and  the  best  modes  of  illumi- 
nations in  streets  and  buildings. 

18.  Critical  observations  on  estuary 
tides. 

19.  On  the  construction  of  tidal  or  other 
dams,  in  a  constant  or  variable  depth  of 
water;  and  on  th«  use  of  wrought  iron  in 
their  constructioa. 

20.  On  the  arrangement  and  construc- 
tion of  floating  landing  stages,  for  passen- 
ger and  other  traffic,  with  existing  exam- 
ples. 

21.  On  the  different  systems  of  swincf, 
lifting,  and  other  opening  bridges,  with 
existing  examples. 

22.  On  the  measure  of  resistance  to 
bodies  passing  through  water  at  high 
velocities. 

23.  On  the  results  of  the  best  modern 
practice  in  ocean  steam  navigation,  hav- 
mg  regard  particularly  to  economy  oi 


working  expenses,  by  superheating,  sur- 
face condensing,  great  expansion,  high 
pressure,  etc. ;  and  on  the  "  life  "  and  cost 
of  maintenance  of  merchant  steamships. 

24  On  ships  of  war,  with  regard  to 
their  armor,  ordnance,  mode  of  propul- 
sion, and  machinery. 

25.  On  the  measures  to  be  adopted  for 
protecting  iron  sjiips  from  corrosion. 

26.  On  coal  mining  in  deep  workings, 
including  machinery  for  dip^ensing  with 
gunpowder  in  "  getting  "  coaL 

27.  On  the  present  systems  of  smelting 
iron  ores,  of  the  conversion  of  cast-iron 
into  the  malleable  state,  and  of  the  manu- 
facture of  iron  generally,  comprising  the 
distribution  and  arrangement  of  iron- 
works. 

28.  On  machinery  for  rolling  heavy 
rails,  shafts,  and  bars  of  large  sectional 
area,  and  for  forging  heavy  masses  of 
metaL 

29.  On  steel,  and  its  present  position 
as  regards  production  and  application. 

30.  On  -  the  safe  working  strength  of 
iron  and  steel,  including  the  results  of 
experiments  on  the  elastic  limit  of  long 
bars  of  iron,  and  on  the  rate  of  decay  by 
rusting,  etc.,  and  under  prolonged  strains. 

31.  On  machinery  for  washing  lead 
ores. 

32.  On  the  present  state  of  submarine 
telegraphy,  and  on  the  transmission  of 
electrical  signals  through  submarine 
cables. 


THE  Greatest  American  Railway. — ^The 
Pennsylvania  Railroad  has  at  last  ef- 
fected the  actual  consolidation  with  it  of 
its  two  main  Western  connecting  routes. 
The  Pittsburgh,  Fort  Wayne,  and  Chicago, 
and  the  Pittsburgh,  Cincinnati,  and  St. 
Louis  Roads  thus  become  practically  a  part 
of  the  Pennsylvania  Central,  and  over  1,000 
miles  of  railway,  stretching  from  the  sea- 
board to  the  great  cities  of  the  Mississippi 
Valley,  pass  under  the  control  of  a  single 
cor]>oration.  The  nature  of  this  gigantic 
combination,  effected  by  the  great  Penn- 
sylvania line  while  ours  are  busy  feeing 
lawyers  and  procuring  injunctions,  may 
be  better  comprehended  in  the  light  of 
the  fact  that  it  brings  under  one  manage- 
ment property  valued  at  $280,000,000,  and 
reaches  for  freight  and  passengers  from 
Philadelphia  to  Chicago,  Cincinnati,  and 
St.  Louis.— -Y.  Y.  Tribune. 
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EXCAVAnXG  IN  QUICKSAND. 

9BEET  PIU50  ;  PUDDLE  WALLS  ;   OBSTBUCTDfO 
WATER. 

CoadoDied  from  a  ptper  by  Wm.  J.  HcAlpfne,  C  E.,  befbra 
Ui4i  Amwican  Societjr  of  CItU  La^ioeoni 

Descbiption  of  Works. — ^In  the  autumn 
of  1800  an  earthen  dam  was  built  across 
a  small  valley  near  the  head  of  the  Acush- 
net  river,  to  form  the  storinp^  reservoir  of 
the  New  Bedford  Waterworla  The  dam 
was  GOO  feet  long,  25  feet  high,  20  feet  wide 
on  top,  with  slopes  on  each  side  of  2  to  1. 
The  earth  about  the  dam  is  the  decomposed 
primary  rocks,  similar  to  that  of  the  general 
coast  range,  being  coarse  and  fine  gravel 
and  sand,  with  a  little  vegetable  loam  on  the 
surface,  and  with  no  clay  or  almost  none. 
Below  the  surface  muck  was  a  stratum  of 
hard  pan  of  irregular  thickness  from  one 
to  throe  feet,  and  beneath  this  was  a  bed 
of  fine  sand,  which  by  subsidence  and 
pressure  was  so  hard  as  often  to  require 
to  bo  picked  before  it  could  be  removed 
with  the  shovoL 

The  earthen  dam  was  exceedingly  well 
built.     There  was  a  puddle  wall  of  ample 
width  in  the  middle,  which  was  extended 
in  all  cases  to  the  hard  pan,  and  generally 
4  to  G  foot  below  it,  with  a  "toothed" 
bottom.  The  muck  under  the  upper  slope 
of  the  dam  was  removed  to  the  nard  pan, 
and  in  some  cases  the  muck  was  also  re- 
moved from  beneath  the  lower  slope.  The 
puddle  wall  was  made  of  the  best  mate- 
rials that  could  be  procured  in  the  neigh- 
borhood, which  was  fine  gravel,  mixed 
with  coarse  and  fine  sand,  and  the  loamy 
sand  from  the  surface,  aU  of  which  were 
incorporated  together  by  the  free  use  of 
a  largo  quantity  of  water  and  by  cutting 
with  spades.     The  upper  slope  of  the  dam 
was  protected  by  a  weU-made  slope  wall 
of  very  large-sized  quarry  stone.     The 
reservoir  or  lake  when  full,  covered  about 
200  acr(^Hi,  and  the  water  was  20  feet  deep 
at  the  dam.     Tlie  gate  house  was  built  at 
the  wostorn  end  of  the  dam  at  the  foot  of 
the  upper  slope  of  the  bank,  and  the 
wa«ite  culvert  and  conduit  were  extended 
from  it  entirely  throu'ifh  the  earthen  dam. 
The  foundations  of  the  gate  house  and 
cnlvort  wore  placed  at  the  level  of  the 
lowest  water  in  the  river,  which  was  about 
3   fot>t  Imvor   than   the   surfiico  of   the 
Hwanip  and  wow  made  by  placing  on  the 
hard  compact  sand,  a  floor  of  large  \m- 
howu  blocks  of  granite,  with  the  edges , 


and  end  joinia  hammered  off  to  lines. 
The  stones  were  laid  on  a  bed  of  h jdranlio 
cement  mortar,  and  great  care  was  taken 
to  fiU  the  vertical  joints  tight  The  waste 
culvert  was  in  the  form  of  a  segment  of  a 
circle  of  8  feet  chord,  and  3  raet  versed 
sine.  The  conduit  was  an  oval  of  3  and  4 
feet  diameters,  made  by  3  courses  of  bricL 
Its  grade  was  5  feet  higher  than  that  of 
the  culvert,  and  it  was  supported  on  top 
of  the  latter  from  the  gate  house  to  near 
the  middle  of  the  bank,  and  then  was 
curved  to  the  right  and  was  supported 
through  the  lower  half  of  the  embank- 
ment on  a  puddle  walL  All  this  work 
was  laid  in  excellent  hydraulic  mortar. 

The  lake  was  filled  with  water  during 
the  early  summer  of  1867,  and  remained 
full  imtn  February,  186a  The  dam  and 
the  waste  culvert  were  frequently  exam- 
ined during  this  period  of  6  montha 
The  dam  itself  was  perfectly  tight.  A  very 
small  stream  of  water  escaped  at  the 
lower  end  of  the  waste  culvert^  but  tiiis 
ran  clear,  and  evidently  came  from  the 
hill  side.  The  workmen  drank  it,  because 
of  its  purity  and  low  temperature.  The 
water  in  the  lake  at  that  time  was  highly 
colored,  and  at  a  comparatively  high  tem- 
perature. There  were  a  few  very  small 
holes  in  the  bottom  stone  and  in  the  arch, 
where  very  cold  clear  water  escaped 
almost  in  drops.  The  author  first  visited 
the  work  in  June,  18G7.  The  lake  had 
not  then  been  filled,  but  the  water  in  the 
river  had  been  shut  back  so  as  to  be  at 
a  level  5  or  G  feet  higher  than  the  bot- 
tom of  the  gate  welL  A  leak  had  occurred 
through  its  foundation  (the  stene  pave- 
ment), which  had  brought  up  with  the 
water  considerable  fine  sand.  A  new 
floor  was  then  being  laid  on  the  inside  of 
the  well,  which  completely  stepped  the 
leak  at  that  place. 

The  Brevch  and  rrs  Causes. — ^About  the 
middle  of  February,  18G8,  there  occurred 
an  exceedingly  heavy  fall  of  rain,  and  as 
there  had  been  two  months  of  previous 
heavy  rains,  and  the  ground  was  then 
frozen,  the  engineer  apprehended  that 
the  water  might  rise  teo  high  in  the  lake. 
He  therefore  raised  one  of  the  gates  at 
the  gate  house,  giving  an  opening  of  6 
square  feet  under  20  feet  head.  Three 
days  later  he  sent  an  intelligent  man  to 
close  this  gate.  This  person  asscrte  posi- 
tively that  he  shut  the  gate,  but  he  adds 
that  the   water   continued  to  flow  out 
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fthroogh  the  waste  culTert  in  undiminisbed 
quantity,  and  it  is  therefore  certain  either 
that  the  rod  attached  to  the  gate  was 
broken  from  it,  and  thus  the  gate  was 
not  dosed,  or  that  the  leak  in  the  gate 
well  of  the  previous  June  had  made  a 
passage  under  the  gate  house,  and  had 
forced  upward  some  of  the  pavement 
•tones  of  the  waste  culvert 

Several  intelligent  persons  were  at  the 
dam  within  1  daj  of  the  time  that  the 
breach  occurred,  and  did  not  observe  any- 
thing wrong.  No  one  witnessed  the  breach, 
wbi^  occurred  48  hours  after  the  gate 
was  supposed  to  have  been  dosed,  and 
swept  out  100  feet  in  length  of  the  em- 
bankment, and  discharged  probably  with- 
in a  few  hours  300,000,000  of  gallons  of 
water.  Fortunately  the  dense  cedar 
forest  which  extended  for  half  a  mile  be- 
low the  dam,  so  much  obstructed  the  flow 
of  this  large  body  of  water  as  to  prevent 
much  dazmige  on  the  river  below.  The 
rush  of  water  at  the  dam  undermined 
the  waste  culvert  and  lowered  the  pave- 
ment 2  or  3  feet,  and  also  toppled  over  the 
gate  chamber.  The  author  visited  the  work 
the  middle  of  May  to  determine  upon  the 
plans  for  the  repairs  of  the  dam  and 
works.  It  was  very  important  te  discover, 
if  possible,  the  causes  which  had  produced 
the  breach,  but  a  suffident  number  of 
facts  had  not  been  ascertained  to  deter- 
mine these  causes  definitely,  and  it  there- 
fore became  necessary  to  review  all  of 
those  which  miglU  have  produced  the  ac- 
ddent: 

1.  The  stone  pavement  had  been  placed 
on  a  bed  of  quicksand,  which  although 
very  hard  and  compact  when  dry  and  un- 
disturbed, became  a  semi-fluid  when  satu- 
rated and  subjected  to  disturbance.  It 
was  well  bedded  in  hydraulic  cement 
mortar,  and  the  joints  filled  as  close  as 
possible,  but  it  was  practically  impossible 
to  make  these  joints  all  perfectly  tight, 
and  many  of  the  openings  between  the 
stones,  in  places,  were  of  considerable 
width.  The  discharge  water  passin.*^ 
through  the  culvert  had  a  velocity  of  10 
feet  per  second,  which  was  sufficient  to 
force  ite  way  downward  inte  any  imper- 
fect joint,  and  to  rapidly  wear  away  any 
portion  of  imperfect  mortar  until  it 
reached  the  very  fine  sand  on  which  the 
pavement  rested ;  and  this  woidd  be 
quickly  removed  by  such  a  current  of 
water,' and  cause  1  or  more  of  thestenes 


te  settle,  and  then  the  current  would  rap- 
idly extend  its  efforts  under  other  stones, 
and  soon  cause  the  culvert  to  settle  and 
break  and  leave  the  lake  water  free  egress 
through  the  embankment  That  the 
pavement  had  some  such  imperfect  joints 
was  shown  by  the  leak  which  had  occurred 
in  June  previously,  and  that  the  pave- 
ment was  undermined  as  above  hjpothet- 
ically  stated,  by  finding  the  stones  at  a 
level  2  or  3  feet  lower  than  that  at  which 
they  were  origiaally  laid. 

2.  The  segmental  form  of  the  waste  cul- 
vert arch  produced  a  horizontal  thrust 
upon  the  stones  forming  the  foundation. 
These  stenes  did  not  extend  entirely  across 
the  foundation  (transversely).  That  is, 
from  3  to  4  stenes  were  used  te  make  up 
the  width  of  12  feet  This  thrust  was  pro- 
duced by  the  weight  of  the  stone  arch  and 
of  a  body  of  earth,  which,  in  moist  condi- 
tion, would  bring  a  weight  of  40  tons  per 
lineal  foot  on  the  arch,  and  te  resist  it 
was  only  the  inertia  of  half  a  ton,  the 
friction  on  the  earth,  and  the  resistance  to 
the  compression  of  moist  or  wet  earth  of 
less  than  2  square  feet  area.  These  single 
stenes  may,  therefore,  have  been  forced 
inte  the  earth  horizontally,  and  thus  jointe 
opened  to  the  attack  of  the  current  of 
water,  or  the  arch  stene  may  have  sUd 
upon  the  pavement,  and  in  either  case  al- 
lowed the  arch  to  fall  and  thus  open  a 
passage  for  the  lake  water  through  the 
embankment 

3.  The  conduit  having  an  unequal  sup- 
port in  passing  through  the  embankment, 
may  have  become  cracked  at  or  near  the 
place  where  it  lost  the  support  of  the 
culvert  masonry,  thus  admitting  water 
inte  the  embankment  (which  in  this  place 
had  been  made  of  fine  sand),  thus  carry- 
ing it  off. 

4.  The  water  from  the  lake  under  20 
feet  head  might  have  forced  a  small  pas- 
sage through  the  fine  sand  entirely  below 
the  base  of  the  dam  and  of  the  founda- 
tion of  the  masonry,  and  gradually  enlarg- 
ing itself  have  finally  produced  the  breach. 

A  consideration  of  all  of  the  circum- 
stances of  the  case  led  to  the  belief  that 
the  breach  was  caused  by  the  first  of  the 
conditions  above  named,  and  that  it  was 
probably  aided  by  the  second.  Never- 
theless, it  was  regarded  as  prudent  to 
provide  in  the  new  work  as  far  as  possi- 
ble, against  all  of  the  causes  which  might 
have  produced  the  disaster.    The  iAsjib 
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wliich  were  determined  for  the  repairs 
were  as  follows  : 

Pl\^s  for  Bepairs. — 1.  To  rerooTe  the 
quicksand  across  tlie  brea^^h,  for  the 
whole  width  of  the  base  of  the  dam,  as 
low  as  could  be  done  without  great  ex- 
pense^ aud  replace  it  with  fine  gravel, 
mixed  with  a  little  loam  (which  was  the 
beat  material  which  could  be  procured 
without  hauling  a  dozen  miles), 

2.  To  place  the  waste  culvert  at  a  level 
3  feet  higher  than  in  the  original 
structure,  so  as  to  have  its  foundation 
resting  on  the  greatest  possiblo  depth 
of  gravel,  and  to  build  the  culvert  and 
conduit  as  1  piece  of  masonry  entirely 
through  the  bank 

3,  To  place  the  gate  house  about  40 
feet  above  the  upper  toe  of  the  dam, 
and  extend  a  bank  of  gravel  to  cover 
the  culvert  and  conduit  fi*om  contact 
with  the  water  in  the  lake, 

4  To  pWe  within  the  mnin  bank  2 
rowa  of  water-tight  sheet-piling,  which 
should  extend  as  deep  as  poHsible  into  the 
quicksand  below,  and  at  least  20  feet  hori- 
zontiilly  into  the  old  bank  to  the  east  of 
the  breach,  and  at  least  as  far  into  the 
side  hill  at  the  west,  and  to  make  a  gravel 
puddle  wall  between  these  rows  of  piling, 
sunk  as  deep  and  as  far  into  the  banks  at 
the  ends  as  practicable. 

5.  To  remove  the  slope  wall  from  the 
face  of  the  old  bank  and  from  the  hill  side 
for  at  least  60  feet  horizontally,  and  face 
the  bank  anew  with  gravel  of  3  feet  thick- 
nefls  at  top  and  6  feet  at  bottom  (at  right 
angles  to  the  slope). 

To  foot  this  facing  at  least  4  feet  deep 
into  the  swamp,  and  in  all  cases  to  the 
stratum  of  hard  pan,  to  which  it  should 
be  carefully  connected,  and  to  uncover  this 
stratum  of  hard  pan  for  a  circuit  of  100 
feet  radius  above  the  toe  of  the  dam,  ex- 
amine its  depth  and  make  it  (by  adding 
gravel)  a  perfect  lining  over  the  whole 
bottom^  and  at  its  upper  extremity  to 
connect  it  with  a  cut-off  of  gravel  sunk  4 
feet  deep  into  the  underlying  stratum  of 
quicksand. 

Tliese  precautions  may  at  first  thought 
seem  to  have  been  further  extended  than 
the  case  warranted,  but  a  personal  ex- 
amination would  soon  convince  an  expe- 
rienced engineer  that  it  was  really  one  of 
the  worst  m^es  that  ho  is  often  required 
to  mcTot.  The  disturbance  in  the  bed  of 
quicksand  had  changed  it  from  a  material 


of  hard  consistence  to  a  semi*flnid, 
which  flowed  in  from  all  directions  acd 
left,  the  whole  of  the  earth  about  the  work 
porous  or  perhaps  cavemoua. 

Sheet  Ph-dto- — ^Engineere  often  use 
sbeetr-piling  by  driving  single  planks  or 
timbers,  sometimes  with  tongues  insert' 
ed  and  sometimes  with  a  double  oourse 
breaking  or  covering  the  joints.  T^e  an* 
thor  holds  the  opinion  that  in  most  eases 
such  sheet-piling  is  not  only  useless,  but 
is  positively  detrimental,  and  for  a  great 
many  years  he  has  used  none  but  placed 
sheet-piling;  that  is,  by  excaTatmg  a 
trench  to  the  requisite  (or  greatest  prac- 
ticable) depth,  and  placing  in  the  bottom 
ft  timber,  to  which  closely  jointed  plank 
are  spiked  (being  also  spiked  to  a  sunilar 
timber  at  the  top),  and  covered  by  a 
second  course  of  jointed  boards  or  plank. 
In  other  words,  making  a  barrier  perfect- 
ly water-ti^ht  against  the  head  of  water 
which  will  DC  brought  against  it  When 
the  plank  are  thus  placed,  the  trench  is 
filled  with  fine  gravel  mixed  with  a  httle 
loam.  It  is  impossible  to  drive  plank 
singly  and  make  a  water-tight  joint  The 
tongues  or  coverings  are  generally  use- 
less. 

To  prove  this,  let  the  greatest  care  be 
taken  in  driving  some  plank  in  a  dry 
place.  Then  remove  tiie  earth  and 
will  find  the  bottom  joints  of  the 
open  in  both  directions;  and  if  to: 
have  been  used,  many  of  them  will 
found  to  have  been  split  off  at  the  botto: 
and  useless,  and  no  covering  plank  can 
be  put  on,  much  less  driven,  which  wiU 
make  the  joints  water-tight  Such  sheet- 
piling  will  not  resist  one  foot  head  of 
water;  and  if  water  will  pass  through, 
then  will  the  fine  sand  and  loam  or  clay, 
and  the  whole  piling  becomes  not  only 
useless  biit  deceiving  to  the  engineer  who 
has  relied  upon  it;  and  who  may  from 
that  cause  lose  his  structure. 

Angles  to  Obstbuct  Watiir. — ^But  this 
is  not  all  of  the  danger  to  Ije  apprehended* 
Water  will  follow  along  a  smooth  surface 
for  a  great  distance  (horizontally  and 
vertically),  until  it  finds  these  open  joints, 
through  which  it  will  freely  pass,  and 
then  upon  the  opposite  side,  where  it  will 
continue  to  search  for  some  escape  under 
or  around  the  structure.  Water  abhors 
angles,  and  by  compelling  it  to  make  a 
sufficient  number,  its  head  can  bo  entirely 
destroyed  and  prevent  any  damage,    Tb'o 
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interposition  of  these  angles  is  often  the 
ireapon  of  defence  that  the  engineer  can 
ftTau  of,  against  his  worst  enemy,  and 
most  useful  ally — water.  In  placed  sheet- 
piling  yon  can  provide  at  the  bottom  as 
many  of  these  right  angles  as  yon  deem 
necessary  by  means  of  Sie  plank  and  tim- 
bers, which  will  generally  give  you  seven 
angles,  and  these  may  be  increased  to  any 
desired  number. 

Clat  vs.  Obayel  Puddle. — ^Many  yonng 
engineers  fill  their  piling  trenches  with 
<day  pnddle.  The  author  greatly  prefers 
fine  gravel,  vnth  a  little  loam  mixed  with 
it  The  first  coffer  dam  at  the  United 
States  dry  dock  gave  way,  chiefly  because 
it  was  filled  vrith  day.  The  one  built  by 
the  author  withstood  a  great  pressure 
because  it  was  filled  with  gravel.  Even 
paving  stones  were  allowed  to  be  put  in 
the  coffer  dam,  where  they  were  sur- 
rounded by  graveL  The  particles  of  clay 
are  cohesive,  and  a  vein  of  water  never  so 
small,  which  finds  a  passage  under  or 
through  day,  is  continually  wearing  a 
larger  opening.  The  particles  of  fine 
gravel,  on  the  other  hand,  have  no  cohe- 
sion. Such  a  vein  of  water  as  has  been 
mentioned,  first  washes  out  from  the 
gravel  the  fine  particles  of  sand,  and  the 
larger  particles  fall  into  the  space,  and 
these  small  stones  first  intercept  the 
coarser  sand  and  next  the  particles  of 
loam,  which  are  drifted  in  by  the  current 
of  water,  and  thus  the  whole  mass  pud- 
dles itself  better  than  the  engineer  could 
do  vrith  his  own  hands.  The  vacuities 
produced  below,  by  this  operation,  are 
indicated  by  the  settlement  at  the  top, 
where  more  gravel,  etc.,  can  be  added  as 
is  found  necessary. 

An  embankment  of  gravel  is  compara- 
tively safe,  and  becomes  tighter  every  day. 
One  of  clay  is  much  tighter  at  first,  but  is 
always  liable  to  breakage,  from  the  causes 
already  mentioned.  For  the  same  reasons 
the  piling  trench  should  be  filled  with 
gravel,  so  that  if  any  vein  of  water  escapes 
through  or  below  the  sheet-piling,  the 
weight  of  the  gravel  will  crush  down  and 
fill  up  the  vein,  before  it  can  enlarge 
itself  enough  to  produce  danger. 

DiFFICrLTIBB     TO     BB     OVERCOME. The 

problem  now  before  us  was  one  of  con- 
siderable difficulty.  The  sounding  rods 
showed  that  the  material  to  a  depth  of 
from  20  to  25  feet,  was  of  the  same 
character    as    that   at    and   above   the 


level  of  the  river,  viz.:  a  very  fine 
sand,  in  fact  a  very  troublesome  quick* 
sand.  It  was  necessary  to  excavate  a 
piling-trench  in  this  Bemi-fluid  to  a  depth 
of  at  least  15  feet.  On  the  one  side 
we  had  the  river  flowing  through  a  wooden 
sluice  and  canals,  and  a  heavy  embank- 
ment of  25  feet  height  pressing  down 
upon  the  bed  of  quicksand  adjacent 
to  the  pit.  On  the  other  side  was  a  steep 
side  hill  of  50  feet  height  pressing  down 
upon  a  similar  bed  of  quicksand.  The 
excessive  rains  had  filled  the  swamp  and 
lands  adjacent  to  the  pit  with  water,  to 
their  utmost  point  of  saturation.  This 
quicksand  was  very  pervious  to  water, 
and  hence  a  large  quantity  of  water  might 
be  anticipated  to  come  into  the  pit  during 
the  operation,  and  if  the  work  was  pro- 
tracted, the  high  banks  on  each  side 
would  be  undermined  and  cave  into  the 
pit 

A  steam  engine  of  nominally  10-horse 
power  and  a  pump,  delivering  40  cubic 
feet  of  water  per  minute  13  feet  high, 
were  provided,  but  the  power  applied  was 
5  J  times  the  effect  produced,  which  cover- 
ed the  friction  of  the  machinery,  increased 
greatly  by  the  sand,  and  the  loss  of  the 
water  by  loose  buckets.  The  power  of 
the  engine  was  exhausted  by  the  time  the 
depth  of  12  feet  was  reached. 

Rules  fob  Removing  Quicksand. — Thei^e 
are  3  rules  to  be  observed  in  excavat- 
ing quicksand,  and  they  are  here  stated 
concisely  so  as  to  impress  the  reader : 

1.  The  water  must  be  removed  promptly 
and  thoroughly. 

2.  The  excavation  must  be  made  with 
the  utmost  despatch. 

3.  The  material  must  not  be  disturbed 
after  it  begins  to  quake. 

Now,  these  rules  are  almost  never  ob- 
served. It  is  almost  impossible  to  make 
either  engineers,  foremen,  or  workmen 
follow  them,  and  hence  arise  the  chief 
difficulties  and  expense  of  removing  quick- 
sand. If  they  are  strictly  followed,  the 
author  guarantees  that  the  difficulties  and 
expense  will  be  reduced  one-half  at  least. 
Quicksand  is  defined  to  be  a  mixture  of 
fine  sand,  with  such  a  proportion  of  clay 
or  loam  as  enables  the  mass  to  retain 
water  within  itself;  and  when  in  this  con- 
dition, after  it  has  been  trampled  upon 
for  a  short  time,  it  begins  to  quake,  so 
that  it  may  also  be  called  "quakesand." 
"When  it  reaches  this  condition,  if  it  is  left 
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quiescent  for  a  few  hours,  the  heavier 
l^krtides  of  sand  and  day  settle  down  and 
expel  the  water,  and  the  mass  becomes 
again  firm.  If,  on  the  other  hand,  it  is 
farther  disturbed  bj  the  feet  of  the  work- 
men, it  becomes  more  and  more  fluid, 
additional  material  flows  in  from  the 
sides,  and  no  progress  can  bo  made  in  the 
excavation. 

When  the  engineer  has  such  a  work  in 
hand  he  should  provide  an  ample  pump- 
ing power.  And  here  it  mtw  be  noted 
that  in  most  cases  he  will  find  that  a 
power  even  5  times  as  great  as  he  an- 
tidpatod  will  often  in  the  end  prove  most 
economical  The  pumps  should  be  capa- 
ble of  lifting  sand  as  well  as  water,  and 
those  are  best  which  are  not  hable  to  be 
clogged.  This  is  of  more  consequence 
than  that  they  should  work  with  a  good 
"  duty." 

The  author  has  found  that  in  most 
cases  sheet-piling  protections  around  the 
pit  to  prevent  the  influx  of  sand  are  use- 
less and  often  detrimental  If  there  is 
room  to  allow  the  excavation  to  take  its 
natural  slope,  and  the  3  rules  are  ob- 
served, the  sheet-piling  protection  will 
be  found  unnecessary.  Quicksand  in  a 
drv  state  may  bo  excavated  nearly  verti- 
cal. These  views  will  be  illustrated  by 
describing  the  operations  at  the  place  in 
question. 

The  Operations  of  Repaibs. — ^The  pit 
was  commenced  on  top  about  50  feet 
wide  and  100  feet  long.  There  were  30 
laborers  employed,  who  were  arranged  as 
follows :  Six  were  kept  constantly  em- 
ployed in  removing  and  casting  aside  the 
sand  from  about  and  under  the  pump,  to 
keep  it  far  below  the  other  pai'ts  of  the 
excavation ;  12  men  were  constantly 
employed  in  opening  small  ditches  radi- 
ating out  from  the  pump  pit ;  G  men 
were  employed  in  excavating  the  ridges 
left  between  the  radiating  ditches,  and  as 
long  as  the  latter  wore  kept  open  these 
ridges  offered  perfectly  dry  digging.  The 
remainder  of  the  men  were  employed  in 
casting  further  back  the  earth  which  was 
thrown  out  by  the  6  men  last  mentioned. 
It  will  1)0  seen  that  the  actual  removal  of 
the  earth  was  measured  by  that  done  by 
only  G  men  out  of  30,  but  these  men  had 
perfectly  dry  work. 

All  things  being  in  readiness,  the  work 
of  excavating  was  commenced  early  in  the 
morning,  and  by  mid-day  the  pit  had  been 


sunk  in  the  lowest  place  to  s  depth  of 
12  feet,  and  then  it  appeared  thai  the 
extreme  power  of  the  steam  engine  to  re- 
move the  water  had  been  reached,  and  it 


soon  became  impossible  to  keep  open  the 

I  radiating  ditches^  and  consequently  the 

,  earth  between  them  became  sufiused,  and 

!  soon  after  the  whole  of  the  lower  portion 

was  transformed  from  hard  compact  sand 

,  to  a  mass  of  semi-fluid  material,  quaking 

I  like  jelly.     The  water  began  to  **  boil  up  " 

I  in  many  places  in  the  bottom,  and  it  was 

evident  that  no  further  progress  in  thB 

excavation  could  at  this  time  be  made. 

It  was  considered  very  important  thai 
the  sheet-piling  should  be  placed  at  a 
much  greater  depth  than  thiat  to  which 
the  excavation  had  now  been  carried.  To 
drive  the  plank  to  the  desired  depth,  as 
has  already  been  mentioned,  would  have 
resulted  in  open  joints  at  the  bottom.  It 
was  therefore  determined  to  lessen  the 
number  of  such  joints  by  making  up  the 
plonk  in  panels  of  4  feet  width,  with 
joints  matched  and  battened  with  1-inch 
I  boards.  One  of  these  panels  was  placed 
I  in  the  proper  line  of  the  sheet-piling,  and 
;  forced  down  by  pressure  nearly  5  feet 
I  deep.  The  non-fluid  condition  of  the 
sand  permitting  this  penetration,  a  sec- 
ond panel  was  forced  down  in  the  same 
manner,  and  with  considerable  trouble  a 
tolerably  dose  joint  was  made  with  the 
first  panel,  and  further  secured  by  a  plank 
which  was  driven  over  the  joint. 

In  this  manner  successive  panels  were 
driven  in,  until  the  whole  width  of  the  pit 
was  covered  by  2  rows  of  sheet-piling 
placed  15  feet  apart.  As  the  joints  be* 
tween  the  panels  thus  placed  were  of  ne- 
cessity nearly  as  open  as  in  any  other 
sheet-piling,  it  was  determined  to  remove 
the  water,  and  then  the  earth  from  between 
the  rows  of  piling  to  the  depth  to  which 
they  had  been  forced,  and  then  to  batten 
and  caulk  up  the  joints  on  the  inside. 

Source  of  Water  Determined  by  Teic- 
PERATURE. — ^While  the  question  of  a  new 
engine  was  being  discussed,  it  became  de- 
sirable to  ascertain  how  much  of  the  water 
which  flowed  into  the  pit,  came  from  the 
leaky  sluice  and  the  canals,  and  how  much 
from  the  natural  water  courses  through 
the  sand.  The  material  being  of  so  porous 
a  character,  it  was  impossible  to  deter- 
mine this  question  merely  from  the  direc- 
tions in  which  these  small  streams  came, 
but  the  author  happening  to  have  his 


YAM  KOSTBAND'3  ENGINEERING  MAGAZINE. 


13 


pocket  thennometer  Tdth  him,  he  obt^aned 
the  temperature  of  the  water  flowing  into 
the  pit  from  rarious  quarters.  The  re- 
sult was  sorprising.  The  temperature  of 
.the  water  in  the  sMce  was  74  ,  and  that 
of  one  set  of  the  streams  ranged  from  71^ 
to  73^,  and  of  another  set  was  from  56^ 
to  61®,  several  of  them  flowing  but  a  few 
fleet  from  each  other,  with  mese  widely 
differing  temperatures. 

Those  of  the  higher  degrees  were  evi- 
dently the  leakages  from  the  sluice-way 
and  canal,  and  those  of  the  lower  temper- 
ature as  evidently  from  deep-seated 
(firings. 

A  rough,  but  sufficiently  accurate  gauge 
of  each  of  the  20  small  streams  was  made, 
from  which  it  was  ascertained  that  two- 
thirds  of  the  water  which  came  into  the 
pit  was  leakage,  the  greater  part  of  which 
could  be  prevented  by  a  new  sluice,  and  a 
better  connection  at  the  ends.  With  a 
diminution  of  more  than  one-half  the 
quantity  of  inflowing  water,  the  engine  on 
hand  would  be  of  ample  power  to  free  the 
work  from  water,  and  enable  us  to  get 
down  to  the  requisite  depth,  and  caulk 
the  joints  of  the  sheet-piling,  and  put  in 
the  puddle.  This  simple  expedient,  there- 
fore, saved  an  expenditure  of  nearly 
$2,000. 

The  New  Works. — ^The  masonry  of  the 
new  gate  house,  culvert,  and  conduit,  is 
all  laid  in  hydraulic  cement  mortar,  and 
rests  upon  a  foundation  of  timber,  and  2 
courses  of  plank.  Concrete  masonry  is 
filled  between  the  timbers,  to  take  their 
place  if  they  should  ever  decay,  which,  as 
they  will  adways  be  submerged,  will  not 
soon  occur. 

There  was  another  source  of  danger 
which  had  to  bo  guarded  against,  viz., 
that  the  water  would  follow  along  the 
sides,  top,  or  bottom  of  the  masonry, 
through  the  whole  width  of  the  leak,  and 
escaping  at  the  lower  side,  again  produce 
a  lexiL  To  prevent  this,  belt  walls  of  ma- 
sonry were  built  at  each  row  of  sheet- 
piling,  and  one  still  further  toward  the 
gate-house.  These  bolt  walls  extend  3 
feet  beyond  the  outside  lines  of  the  ma- 
sonry of  the  culvert  and  conduit  on  the 
bottom,  on  the  side,  and  over  the  top,  and 
are  built  up  with  the  other  masonry,  thus 
forming  a  perfect  cut-off  to  the  water  at 
each  belt  The  outer  faces  of  these  belts 
are  "toothed,"  to  produce  angular  ob- 
structions to  the  water. 


THE  STRAINS  IN  GIBDEES. 

METHOD    OF    DETEBlONINa'   THEM    GEOMETBI* 
GALLY. 

Trom  the  "  BaUdIng  News. »» 

In  1856,  Prof.  Cullman,  filling  the  chair 
of  Civil  Engineers  at  the  Zurich  Poly- 
technic School,  published,  imder  the  name 
of  "Graphical  Statics,"  a  geometrical 
mode  of  determining  the  stresses  in  struc- 
tures, which  deserves  the  greatest  attention 
from  practical  engineers  and  architects. 
It  is  a  process  in  which  geomc  trical  con- 
struction is  substituted  for  complicated 
calculations;  or,  in  other  words,  by  which 
a  great  saving  in  time  can  be  effected,  to- 
gether with  a  self-evident  avoidance  of 
liability  to  error.  It  will  be  seen  that 
this  process  enables  the  architect  or  en- 
gineer to  instantly  note  the  effects  of  any 
alteration  he  may  chance  to  make  in  his 
designa  As  is  seen  one  example  we 
have  chosen  is  that  of  the  well-known 
case  of  a  common  "Warren  girder. 

The  basis  of  the  method  is  simply  that 
of  the  almost  popxQarly  known  principle 
of  the  parallelogram  of  forces.  It  is  well 
known  that  a  force  can  be  geometrically 
represented  by  a  straight  line  running 
parallel  to  the  given  force,  and  denoting 
the  amount  of  the  force  by  its  length.  Of 
course  a  line  per  se  cannot  exactly  denote 
a  force,  but  if  the  course  of  the  force  or  its 
direction  from  (say)  right  to  left  be  also 
held  to  be  indicated  by  the  line,  then  all 
the  required  qualifications  are  given.  Let 
us  suppose,  for  instance,  that  we  bive  a 
number  of  forces  acting  in  a  plane  upon 
the  same  point.  We  then  have,  as  indi- 
cated in  the  following  diagram,  to  find 
the  resultant  of  any  number  of  given 
forces  1,  2,  3,  4,  5,  acting  upon  1  point, 
as  indicated  in  Fig.  1: — Draw  a  polygon 
Oab  c  d  €  with  its  sides  1, 2,  3,  4, 5,  paral- 
lel to  the  directions  and  equal  to  the 
magnitudes  of  the  forces.  These  must  be 
so  arranged  that  if  we  indicate  the  courses 
of  these  forces  in  all  the  sides  by  arrows, 
all  these  arrows  must  point  in  the  same 
course  roimd  the  irregular  polygon.  The 
line  K,  closing  this  polygon  by  joining  the 
origin  O  with  the  end  e,  represents  the 
required  resultant  in  direction  and  mag- 
nitude.    Fig.  1. 

This  resxQtant  is  to  be  taken  in  a  course 
opposite  to  the  curve  of  the  given  forces. 
Any  one  of  the  diagonals  in  the  polygon 
represents  the  resultant  of  all  the  forces 
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placed  between  the  2  points  formed  by 
that  diagonal  This  polygon  may  be 
termed  the  "  polygon  of  forces,"  and  it  can 
be  proved  by  successively  combining  the 
forces  according  to  the  principle  of  the 
parallelogram  of  forces. 

If  the  polygon  of  any  given  number  of 
forces,  acting  upon  the  same  point,  is 
closed,  these  forces  will  balance  each 
other;  and  vice  vcrsd.  This  is  substan- 
tially the  same  proposition  as  that  stated 
by  Dr.  Rankine,  par.  No.  53  of  his 
"Applied  Mechanics." 

To  determine  2  forces  of  given  direction 
so  that  they  may  balance  any  number  of 
known  forces,  aJl  acting  upon  the  same 
point,  construct  the  polygon  of  the  given 
forces  and  close  it  by  2  lines  paraUcl  to 
the  directions  of  the  given  forces.  These 
lines  taken  in  the  same  direction  round 
the  polygon  as  the  others  represent  the 
required  forces.  The  second  principle  is 
a  consequence  of  the  first,  and  the  third 
is  easily  proved  by  the  second.  With  the 
assistance  of  these  principles  it  is  easy  to 
ascertain  the  stresses  on  a  Warren  girder. 


To  explain  the  process  it  will  be  Bofficieni 
to  determine  tiie  stresses  in  a  small 
girder  constructed  with  only  4  divisions 
in  the  top  beam,  as  shown  in  Fig.  d. 
There  will  be  no  difficxQty  in  afterwards 
extending  this  to  larger  girders. 

We  will  designate  its  parts  by  number- 
ing the  connecting  points,  and  by  calling 
each  bar  lying  between  them  by  the  num- 
bers at  its  2  ends.  We  assume  that  the 
girder  is  loaded  with  10  tons  at  each  con- 
necting point  of  the  top;  that  is  to  say,  at 
the  pomts  2,  4,  6;  while  the  resistances  A 
and  B  of  the  supports  act  upon  the 
extreme  ends  0  and  8.  As  the  load  has 
been  assumed  to  be  uniformly  distributed, 
each  of  these  2  resistances  is  equal  to 
one-half  the  entire  load  of  30,  or  equal 
to  15  tons. 

It  is  a  necessary  property  of  any  stme- 
ture  that  all  the  forces  acting  upon  the 
same  connecting  point  should  be  in 
equihbrium ;  and  we  employ  this  property 
to  ascertain  the  stresses  in  the  different 
bars.  If  all  the  forces  acting  upon  such 
a  point  are  known  with  the  exception  of 
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2,  these  2  can  be  ascertained  by  means  of 
the  last  principle  stated.  We  begin  at 
the  point  O,  where  the  resistance  A,  equal 
to  15  tons,  acts  upwards,  and  we  will  pro- 
ceed to  determine  the  stresses  in  the  bars 
0  1  and  0  2,  the  directions  of  which  are 
giTen.  We  draw  the  vertical  line  OA, 
Fig.  4,  parallel  to  the  force  A  in  Fig. 
8;  and  make  it,  by  any  scale,  equal  to  15 
tons.  The  line  A  a  is  then  drawn  from  A 
parallel  to  the  horizontal  bar  o  2 ;  and  line 
O  a  parallel  to  the  sloping  bar  o  1.  These 
intersect  one  another  at  a.  Therefore, 
the  lines  A  a  and  O  a  respectively  give 
the  required  amounts  in  tons  of  the 
stresses  on  the  bars  O  2  and  O  1.  They 
are  of  15  tons  and  21.2  tons.  The  curves 
of  these  forces  only  remain  to  be  deter- 
mined in  order  to  Imow  whether  the  bars 
have  to  sustain  tension  or  compression. 
For  this  purpose,  as  we  know  the  course 
of  the  force  O  A,  which  is  indicated  by  an 
irrow,  we  have  only  to  follow  round  the 
polygon  of  forces,  which  is  in  this  case 
represented  by  the  triangle  A  O  a  A,  and 
to  draw  arrows  in  the  directions  in  which 
we  follow  the  sides  O  a  and  A  a.  By 
drawing  other  arrows  in  Fig.  3  paral- 
lel to  tne  corresponding  arrows  in  Fig. 
4,  wo  see  that  the  stress  in  the  bar  0  2  in 
Fig.  3  acts  a^inst  the  point  0;  and 
that  the  bar  0  2  has  consequently  to  under- 

r>  compression.  Further,  the  force  in 
1  strives  to  pull  the  point  0  towards  1, 
testifying  to  a  tensile  stress.  For  the 
sake  of  clearness  we  shall  henceforth  in- 
dicate tension  by  a  single  and  compres- 
sion by  a  double  line,  both  in  the  eleva- 
tion of  the  Warren  ^rder  and  in  the 
polygon  of  forces.  By  this  means  the 
course  of  the  forces  can  be  seen  both  in 
the  elevation  and  by  comparing  both 
figures  also  in  the  polygon  of  forces.  We 
must  observe  that  in  the  elevation  the 
stress  acts  on  an  extremity  of  the  bar  in 
a  sense  opposite  to  that  in  the  other. 

We  now  come  to  the  point  1.  Wo  have 
here,  besides  the  last  determined  force  in 
0  1,  the  unknown  stresses  in  1  2  and  1  3. 
The  stress  in  O  1  is  given  in  Fig.  4  by  the 
line  0  a,  and  its  sense  is  now  contrary  to 
that  indicate<l  by  the  arrow.  Proceeding 
as  before,  we  draw  O  h  parallel  to  1  3  and 
a  b  parallel  to  1  2,  and  cause  them  to  in- 
tersect at  b.  The  lines  O  b  and  a  b  give 
the  stresses  in  1  3  and  1  2  of  30  tons  and 
21.2  tons  respectively.  Wo  determine  the 
courses  or  senses  oif  these  stresses  from 


the  known  sense  of  0  1,  following  round 
the  triangle  aOb  am  the  direction  given 
by  the  order  of  these  4  letters,  and  we 
find  that  the  bar  1  3  is  in  tension  and  the 
bar  1  2  in  compression. 

In  the  points  O  and  1  only  1  known 
and  2  unknown  forces  were  in  action; 
but  in  the  point  2,  3  known  forces  (the 
stresses  in  O  2  and  1  2  and  the  load  of  10 
tons)  and  the  unknown  stresses  in  the 
bars  2  3  and  2  4  To  ascertain  these,  set 
off  from  A  to  C  in  the  line  A  O  the  length 
representing  10  tons  and  C  c  and  b  c 
parallel  to  2  4  and  2  3.  These  2  lines 
then  give  the  magnitudes  of  the  required 
forces,  because  the  sides  of  the  polygon 
G  AabcG  are  parallel  and  equiu  to  the 
forces  acting  on  the  point  2.  They  are 
also  taken  in  the  right  sense,  which  is  the 
reverse  to  the  order  of  the  letters  C  A 
abcO.  We  find  that  2  3  has  to  sustain  a 
tension  of  7.1  tons  and  2  4a  compression 
of  35  tons. 

The  same  proceeding  is  to  be  used  at 
the  point  3  4  The  2  known  forces  (1  3 
and  2  3)  are  already  placed  together  in 
the  right  curve  in  the  diagram  Fig.  4; 
they  are  represented  by  the  lines  c  6  O. 
The  lines  c  d  and  O  (f,  drawn  parallel  to 
the  directions  of  the  unknown  stresses 
through  0  and  O,  meet  each  other  in  d 
and  give  the  stresses  in  the  bars  3  4  and 
3  5,  amounting  to  7.1  tons  and  40  tons  re- 
spectively. The  first  is  a  compression, 
the  second  a  tension  bar.  This  gives  us 
the  strains  up  to  the  middle  of  the  girder, 
and  as  the  girder  and  the  load  are  sym- 
metrical we  do  not  require  to  continue 
the  diagram. 

Tliis  Fig.  4  may  be  called  the  dia- 
gram of  forces.  The  polygons  for  each 
connecting  point  in  the  first  half  of  the 
girder  are  laid  down  in  it,  and,  observing 
how  they  are  combined,  we  find  that  the 
polygons  for  the  preceding  points  give 
the  forces  always  arranged  as  required 
for  the  construction  of  the  polygon  of 
forces  for  the  following  point.  The  whole 
diagram  hence  contains  each  force  only 
once,  while  every  line  would  have  to  be 
drawn  twice  if  we  construct  a  separate 
polygon  of  forces  for  each  connecting 
point.  What  makes  this  diagram  of 
forces  so  very  useful  is  that  there  is  a 
minimum  number  of  lines  to  be  drawn, 
and  that  the  construction  oau  be  raj>- 
idly  carried  out  without  any  liability  to 
error. 
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Insfif.rjf^',  Troy,  N.  Y.  ■ /'Ivil,  ni^;chani- 
r.n],  ftn'l    t'^i'/^^raphicftl  cijginwjring  and 

▼nni/i,  l'hilrt'l'lj»ljirt.~<*ivjT  ttTirl  T/if;cliani- 
v,n]  f'Uir'iut^tnniif,  rht^mMry,  mining,  agri- 
ciilf  iin*,  UTi'l  nrrh'iU-.viuTd. 

Tlio  HiM'fTif'ld  K^iijufilirj  Srhool,  Tain 
Col|f;{n,  Nr«\v  jfuvr-n. — ( jlio in iftfry, natural 
flcMi'iK^u,  oii^iiKioriiij;,  a^rioulturo,  mo- 
rimnin  firt.H. 

Tlin  Fifiwrnnrn  Hripnfifin  School,  Tlar- 
rard  UniviTHify,  (/*airil>ri(l;^n,  Maaa. — 
(!liPiniHli*y,  v-.oiilo'jy,  ^nulo^^y,  botany,  rom- 
imrafivp  unatmny  and  pbywoloj^y,  miner- 
BUy^ry  ruul  f'n'(in«'(»rinjr. 

Till*  (liamlli'r  Snifintifin  Roliool,  Dart- 
moiHli  i 'iiilf '^rp,  Jfanovcr,  N.  J[. — VA\i;i' 
nnorin^,  nnnnuMM'f*,  ami  ijcnoral  conrHCM. 

Tho  \1nivnrHity  of  Mit'lii^an,  Ann  Arbor, 
Miobi^nn.-  (■ivil  rnf=jin(HM*inp,  ffoncral 
rbptniHtry.  ininin;;^,  natural  limtory,  and 

Tbo  rnivfM-Hify  of  Now  York  city, 
•*  Pn^foHsion.'d  DopnHniont.'* — Knj*inoo'r- 
iu^,  in»*]nttM»(iiro,  aualylioal  and  practical 
cbcnuM'vy. 

Tho  \\i\n]\hvr\on  Univorsitv,  St.  Louis. 
--(lvncr;\l  s«'ionc(\  nnd  tccbnical  course. 

The  (\v^]vr  Tnion.  Now  York  city. — 
Fnv  nij^bt  -scbot^ls  of  science,  o(  arts  of 
dcs\5::n  for  women,  nuda  pol^vtcchnio  day- 
Kchool. 

niN>wn  University,  Prtn'idenco. — Do- 
pai-tment  of  cbeniistry  and  enjrincoring. 

Mrtssrtcbusetts  Institute  o{  IWbnology, 
l^oston  -  Me*  b:\nicrt1,  cixil  and  topo- 
Ri'apbicnl  en,'r'^^*^<'vin,'T.  practical  chemis- 
try, p^^^^lr^ .  mininjj.  ^Mrildin^r.  and  archi- 
t-TH^ture,  nv.A  bvrber  »::<  ncral  sciences. 

Tlie  Sch«>ol  of  Mi'n<  s,  of  Colambia  CVI- 
l^p^.  "New  York  oily. 

iVsides  ibe  aK^x•e  nro  tbc  5lcienfiSc 
^-^b^N-il  of  Ibe  Xcw  Y'ovk  IVee  Acadcriiv. 
Xrw  York  cit> ;  the  Oollcjriate  «nd  V.n- 
f!rin«v»vinjr  iTis'ritr.tion,  "New  Y\vk  city; 
tW  l.rl.; oh  1' diversity,  te.-'bnicAl  cours*^; 
Ibc  \'nivei>5i;y  of  Pen n sylvan "i a.  t^chnic^l 
<v>nrse:  ibe  \Voivestcr  County  l^w  In- 
dn<*1ri:«l  I'^siimte.  W'orceskT.  Mnss. ;  tbe 
O.^rr ell  X'v.ivi^i'sity.  Ttbn.\*v.  X.  Y  :  tbe 
Fniversily  of  ibe  S«^nlb.  Snwfino^  Tenn.: 
the  "n*'lnxi-nTe  ljiterr."'7  TnstitT.r^  nnd  T^rr- 
frrnoerinj:  S<^bool,  IVrtnkbn,  "S.  \'..  anrl 
the  St^bi-vVi  of  Mines  in  connection  with 
Harvard  College.,  Oambridgo.  Mass. 


'  1[  ENDING  Htdbaulic  Ctusdos.— An 
I  jjL  engineer  in  Berlin  gives  the  following 
'  as  a  method  of  effiBctnallj  stopping  up 
a  porous  casting  for  a  hydraulic  presa 
The  cylinder  is  to  be  heated  over  a  char- 
coal fire  to  about  170^  Fahr.  It  is  then 
to  l>e  filled  up  inth  resin  and  suspended 
by  a  crane  over  the  fire  until  the  liquefied 
rcHin  is  seen  sweating  through  on  the 
outside.  The  excess  of  reiin  is  then 
X>ourcd  out  and  the  cylinder  allowed  to 
cool,  when  the  pores  will  be  iound  com- 
pletely stopped,  and  no  water  can  possi- 
bly i)a8S. 
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IL  Oars  and  Molasses  Shifb. — Ab  the 
URO  of  barrels  for  transporting  petro- 
leum is  giving  place  to  tank  cars,  so  the 
hognhcad  is  to  be  superseded  by  the  tank 
ship.  The  Atlantic  Works  at  East  Bos- 
ton are  to  build  an  iron  brig  350  tons, 
wlii(rh  will  have  compartments  for  trans- 
porting molasses  in  bulk.  The  saving  of 
spacer  and  non-paying  load  will  be  very 
great,  and  this  principle  is  liknly  to  be 
carried  farther. 


rOCOMOTIVE  Engineers*  Coiitention. 
J  — The  October  meeting  at  Chicago 
was  marked,  says  the  "  Chicago  Railway 
Uovicw,'*  by  good  feeling,  good  sense,  and 
teniiH>rateuosa.  The  subject  of  temper- 
;uico,  80  vital  to  this  particular  calling, 
apjH^ars  to  have  occupied  the  direct  at- 
toulion  of  the  members,  and  is  specially 
and  lu^|)efuUy  referred  to  in  the  president's 
ivix)rt  

T'^NTTED  STATES  Rolwat  Conductobs 
I  LiFK  IxsrRAXCx  CoMPAXT. — ^The  con- 
tluctoi-a  of  several  important  roads  recent- 
ly sf.irtod  an  .osu^ociation  thus  named,  at  a 
meet  ins?  in  Cincinnati  All  conductors  of 
ir<x\l  character  mar  become  members 
Tlie  Socrctary  and  l*roasnreT  is  to  receive 
$1 00  per  month,  and  aU  claims  are  to  be  re- 
fcn-od  to  an  executive  commiticie  erf  threCi 


l^HOTOGRAPHTNG  interiors  by  the 
I  liid  of  the  maprnosium  li^i^t  is  pro- 
n.^nnced  a  complet-e  snc«»SR.  1^  Pins- 
sir.n  pbotoirraphic  oommissaim  sent  to 
Aden  to  ohtAin  pictures  of  the  la*<»  ecJime, 
returner!  by  Ef:ypts  and  arc  obtaining  fine 
c/^pies  of  the  preat  7Qonnm<ait£  ot  art 
there — amon^r  others  the  intcnors  of  sab- 
.  terranean  tombs. 
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PERMANENT  WAY. 

Rail  Josrrs. — ^The  introdnctioii  of  steel 
ra3s  has  been  accompanied  in  this  country 
by  an  abnost  equally  important  and  novel 
improTement — a  rail  joint.  The  chair, 
a  mere  seating  for  rail  ends,  is,  let  us  hope, 
a  feature  of  the  old  system  that  is  all  pass- 
ing away.  When  a  road  has  traffic  enough 
to  warrant  the  use  of  steel  rails,  it  wjH 
pay  to  make  them  continuous  by  means 
of  the  fish  joint,  or  its  equivalent.  The 
fish  joint,  after  some  twenty  years  of  in- 
vention and  experiment  in  rail-jointing, 
has  held  its  own  against  all  competitors. 
When  plates  and  rails  are  both  of  steel, 
and  shaped  so  that  the  wear  can  be 
tiJcen  up,  the  joint  holds  fast  for  years. 
The  difficulty  of  keeping  the  nuts  tight 
is  now  perfectly  overcome  by  interposing 
a  piece  of  leather,  or  a  washer  of  rubber. 
Another  important  requirement  of  the 
fish  joint  is  a  well-shaped  rail  It  is  a 
■ingnlar  and  fortunate  circumstance  that 
a  rail  well  adapted  to  fishing  is  also  well 
adapted  to  resisting  deflection  and  wear. 
The  old  low  pear-headed  American  rail 
— ^wasteful  of  material  and  rigid  in  detail, 
instead  of  stiff  as  a  whole — ^mi^ht  con- 
tinue in  use  if  it  could  be  fish-jointed  ; 
fortunately  it  cannot  be.  The  only  ob- 
jection raised  against  the  fish  joint  for 
steel  rails  is  that  it  requires  holes  to  be 
made  in  the  steeL  Punching  holes  strains 
the  steel  and  renders  it  liable  to  break 
— ^repeated  experiments  prove  this.  But 
the  holes  need  not  bo  punched.  The  loss 
of  material  in  the  fish-bolt  hole — in  the 
neutral  axis — is  of  no  practical  account. 
If  the  holes  are  drilled,  the  material  is 
not  strained.  The  Pennsylvania  Steel 
Works,  and  the  Troy  Steel  Works,  are 
introducing  machinery  to  drill  steel  rails. 
Holes  or  nicks  in  the  flange  of  a  rail — 
e«*pecially  a  steel  rail — are  a  hlirtful  loss 
of  material,  where  the  greatest  and  worst 
strain  comes,  and  where  loss  of  continuity 
can  least  be  spared. 

The  new  Reeves  joint — a  tight  clamp 
upon  the  flanges  of  the  rail — ^is  getting 
into  considerable  use  with  steeL  The 
long  Reeves  chair  extending  over  two 
sleepers,  is  also  much  used  with  steel — 
as  on  the  Hudson  River  road.  This  is 
more  than  a  chair,  but  not  tight  enough 
on  the  flanges  to  make  the  track  con- 
tinuous. The  authorities  are  divided  as 
to  the  proper  position  for  the  fish-joint 
Vol.  L— No.  L-2 


On  the  Camden  and  Amboy,  for  instance, 
it  is  placed  upon  a  sleeper,  because,  it  is 
said,  the  joint  is  not  as  stiff  as  ihe  rail, 
and  needs  this  additional  support.  On 
the  English  roads,  and  the  greater  num- 
ber of  our  own,  ihe  joint  is  placed  be- 
tween two  sleepers  to  avoid  the  rigidity — 
the  anvil  action  occuring  when  it  is  placed 
on  a  sleeper.  If  the  joint  did  not  deflect^ 
the  sleeper  would  do  no  more  harm  un- 
der it  than  under  any  part  of  the  contin- 
uous rail.  But  as  the  simple  fish-joint  is 
not  as  stiff  as  the  rail,  and  does  yield, 
placing  a  chair  and  sleeper  under  it 
aggravates  the  effect  of  the  blow  of  the 
-vmeeL  The  addition  of  the  new  Reeves 
joint — ^the  tight  clamp  on  the  flanges — ^to 
the  fish-plates,  the  whole  being  suspended 
between  2  sleepers,  would  make  the  rail 
practically  continuous,  and  would  avoid 
the  evil  of  rigidity. 

Earthwork  and  Bearing  Surfaces. — 
"Engineering"  says:  Until  we  have 
much  better  earthworks,  which,  like  the 
foundations  of  a  house,  can  lie  still  and 
support  in  perfect  rest  almost  any  load 
brought  upon  them,  we  can  never  have 
mathematically  perfect  railways,  and  until 
we  have  these  we  must  tolerate  that  needless 
and  extravagant  increase  of  resistances 
which  attends  any  increase  of  speed  above 
the  lowest  rate  of  motion,  an  increase 
from  10  pounds  or  so  per  ton  at  very  slow 
speeds  on  a  level,  to  30  pounds  or  40  pounds 
at  GO  miles  an  hour.  It  is  idle  to  say  that 
we  can  have  no  better  earthworks  than 
wo  now  have,  or  that  the  permanent  way 
can  rest  no  more  quietly  than  it  now 
does  even  on  the  best  earthworks. 

With  the  best  earthwork  and  ballasting 
there  must  be  abundant  bearing  surface  ' 
of  the  rails  on  the  sleepers,  and  of  the 
sleepers  on  the  ballast.  Every  permanent 
way  engineer  knows  that  the  bearing  sur- 
face is  now  insufficient  to  prevent  the 
rails  from  notching  upon  the  chairs,  the 
chairs  from  bedding  themselves  in  the 
sleepers,  sometimes  half  way  through,  and 
ihe  sleepers  from  churning  the  ballast. 
Mr.  Fowler  has  found  it  necessary  for  the 
tremendous  traffic  of  the  Metropolitan 
(under  ground)  railway  to  abandon  the 
double-headed  rail,  with  its  costly  access- 
ories of  chairs,  keys,  and  tree-nails,  and  to 
adopt  a  Vignoles  (American)  rail  with  a 
base  nearly  GJ  inches  wide,  which  is  fast- 
ened to  the  sleepers  by  screw  bolts. 
Thicker  sleepers  will  pen/ it  the  use  of 


YAH  NOSTRANiyS  ENGINEEBINa  MAGAZINE. 


19 


hige  breadth,  bends  with  difficcQty,  and 
incms  a  greater  cbance  of  being  wesJsened 
and  damaged  by  the  operation.  This  is 
particularly  the  case  with  steel  rails. 

Ibon  Sleepbbs. — Our  ways  will  never  be 
really  permanent  so  long  as  wood  is  em- 
ployed in  their  constmction.  The  expense 
of  iron  sleepers  will,  however,  long  prevent 
their  introduction,  except  on  lines  of  the 
heaviest  traffic,  and  in  countries  where 
wood  cannot  be  obtained  much  cheaper. 
The  "  Bidlway  News"  thus  describes  the 
various  systems:  All  the  varieties  of  iron 
permanent  vray  may  be  reduced  to  one  of 
the  3  following  classes:  Firstly,  roads  car- 
ried upon  isolated  snpx>ort8,  or  "pot" 
sleepers ;  secondly,  those  supported  by 
tnuuBverse  bearers;  and  thirdly,  those 
carried  upon  continuous  or  longitudinal 
6amx>rta  In  Egypt,  India,  Brazil,  and 
ower  distant  countries,  pot  sleepers  have 
answered  welL  A  Belgian  principle  con- 
aiBts  of  a  strong  horizontal  transverse 
sleeper  of  the  double  tee  form,  carrying 
2  wooden  blocks  to  serve  as  supports  for 
the  ordinary  rail,  of  whatever  shape  it  may 
be. 

Three  principal  lines  in  France  have 
afforded  a  fair  trial  to  iron  roads,  and  se- 
lected the  Fraisans  ^stem,  which  gives  a 
total  weight  per  yard  run,  including  rails 
and  all  fastenings,  of  a  little  over  2  cwt. 
The  principle  of  Lecrimer,  which  in 
many  respects  greatly  resembles  that  just 
quoted,  has  been  laid  down  for  8  years  on 
some  of  the  Portuguese  lines,  and  it  is 
still  doing  good  service.  In  Prussia  the 
Hartwitch  longitudinal  road  is  employed 
to  some  extent.  It  consists  of  a  pair  of 
heavy  contractor's  rails,  tied  by  iron 
transversals,  which  carry  them  and  rest 
upon  the  ground,  the  flange  of  the  rail 
having  a  breadth  equal  to  half  that  of  the 
height.  The  same  principle  has  been 
adopted  upon  portions  of  the  Lyons  Bail- 
way,  only  the  height  of  the  rail  is  made 
equal  to  that  of  its  base,  which  in  this  in- 
stance rests  upon  the  ballast  similarly  to 
a  Barlow  or  saddle  raiL  The  system  of 
Barlow  is,  in  fact,  identical  with  that  of 
Bergeron,  and  so  is  the  iron  longitudinal 
plan  that  \b  soon  to  be  practically  tried 
XQ  Austria. 

At  present  it  is  certain  that  those  iron 
permanent  ways  which  are  based  upon  the 
transverse  principle  have  enjoyed  more 
favor  and  likewise  more  success  than 
those   modelled    after   the    longitudinal 


method.  The  desideratum  to  be  insured 
in  all  rigid  roads  similar  to  iron  ones  is 
the  imparting  of  some  slight  degree  of 
elasticity,  not  as  absolutely  necessary  for 
the  safety  of  the  road,  but  to  diminish 
the  enormous  wear  and  tear  that  wotdd 
be  otherwise  brought  both  upon  the  rails 
and  the  whole  of  the  rolling  stock. 

Bboken  Bails. — ^A  professional  writer  in 
the  "  New  York  Times,"  says  :  There  is 
a  comparatively  inexpensive  and  wholly 
imobjectionable  device  for  security  against 
disaster  by  broken  rail&  We  mention  it 
here,  not  with  the  slightest  expectation 
that  it  will  be  adopted  on  one  mile  of  our 
forty  thousand,  but  that  the  managei*s 
and  legislators,  who  are  maimed  this  win- 
ter by  broken  rails,  may  contemplate 
what  it  might  have  accomplished  in  their 
case,  as  they  lie  in  splints  all  the  weaiy 
nights. 

A  stick  or  plank  of  oak,  as  deep  as  the 
rail  (sav  4  inches'),  and  10  to  12  inches 
wide,  htted  to  tne  outside  of  the  rail, 
bolted  to  the  rail  every  3  feet,  and  screwed 
down  to  every  cross  sleeper,  would,  in  9 
cases  out  of  10,  if  not  in  all  cases,  hold  a 
broken  rail  in  place,  and  so  prevent  its 
throwing  off  the  wheels.  It  wotdd  also 
prevent  that  other  disaster,  second  only 
in  frequency,  but  not  in  frightfulness,  to 
broken  rails,  the  spreading  of  the  track. 
The  timbers  should  break  joints  at  a  place 
where  the  rail  has  both  vertical  and  lateral 
support  on  a  sleeper.  A  wooden  rail, 
heavy  enough  to  support  a  wheel,  and 
tough  enough  to  endure  any  probable 
shock  without  breaking,  is  thus  sand- 
wiched with  an  iron  or  steel  rail  that  will 
endure  the  wear  and  sustain  the  load,  but 
which  is  liable  to  snap  under  a  blow,  just 
in  proportion  to  its  resistance  to  flexure 
and  abrasion.  Even  steel,  so  remarkable 
in  its  wearing  qualities,  and  so  superior 
in  strength  and  toughness,  cannot  be  ab- 
solutely guaranteed  against  breaking. 
And  the  harder  it  is,  the  better  it  resists 
wear  and  deflection,  the  more  liable  is  it 
to  break.  This  is  the  law  of  iron  and  its 
alloy&  Hence  the  combination  of  a  tough 
wooden  rail  with  a  hard  metal  rail  is  in 
the  greatest  degree  economical  as  well  as 
safe. 

It  would  be  still  safer  to  add  also  an 
inside  plank  of  oak,  so  that  the  rail  would 
be  absolutely  sandwiched  between  the 
two,  and  so  prevented  from  displacement, 
although  broken  in  pieces.    This  inner 
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ocmsistSy  as  is  well  known,  in  the  deier* 
mination  of  a  simple  figure,  composed  of 
ttraight  lines  and  circles,  by  which  the 
corresponding  position  of  the  yalye,  for 
any  position  of  the  crank  or  of  the  piston, 
may  be  easily  ascertained. 

Li  the  following,  the  construction  of 
the  diagram  is  only  confirmed  in  an  ele- 
mentary manner ;  as  regards   its  prac- 
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tical  application,  the  aboTe-named  book 
may  be  itself  used. 

A.  The  diagram  of  the  simple  vdve  gear. 

Most  valves  are  moved  by  eccentrics  or 
cranks,  and  in  order  to  simplify  the  ex- 


pressions used,  the  latter  may  be  snj)- 
posed.  This  is  correct,  as  an  eccontno 
produces  the  same  movement  as  a  crank 
correspondingly  fixed,  and  of  which  the 
radius  is  eqiial  to  the  eccentricity  of  the 
eccentric.    In  Fig.  1,  let 

A=the  centre  of  the  driving  axle. 

AB=the  valve  crank  (eccenbic)  in  its 
central  position. 

BC=the  eccentric  rod. 

CD=the  valve  rod  as  far  as  the  valve 
centre  D  E. 

If  now  the  crank  moves  from  the  posi^ 
tion  A  B  into  another  one  A  F,  the  cor- 
responding position,  H  J,  of  the  centre  of 
the  valve  is  obtained  by  describing  from 
the  point,  F,  with  the  length  of  the  eccen- 
tric rod,  BO,  as  a  radius,  an  arc,  and 
from  the  point,  G,  where  tb^  arc  crosses, 
A  C,  marking  the  length  of  the  valve  rod 
to  the  centre  of  the  valve,  equal  G  H. 
B  C  is  in  practice  always  very  long  in 
proportion  to  A  B,  and  A  C  may  be  there- 
fore, without  committing  a  great  error, 
taken  as  equal  to  B  C,  and  F  G  equal 
K  G  ;  then  A  K  is  also  equal  to  D  H,  if 
F  K  is  perpendicular  to  A  C,  or  the  move- 
ment, D  H,  of  the  valve  from  its  central 
position  is  equal  to  the  base  of  the  right- 
angled  triangle,  A  K  F,  of  which  the  hy- 
potenuse is  always  equal  to  the  crank 
radius,  A  B,  and  of  which  the  acute  angle, 
A  F  K,  is  equal  to  the  angular  movement 
oc  of  the  crank. 

But  all  right-angled  triangles  with  the 
same  hypotenuse  may  be  placed  in  a  cir- 
cle, of  which  this  hypotenuse  forms  the 
diameter  ;  constructing  therefore  a  circle 
with  the  crank  radius,  A  B,  as  a  diameter 
(Fig.  2),  drawing  next  the  tangent,  AL, 
and  laying  on  it  the  angle,  L  A  K=  oc, 
from  Fig.  1 ;  the  equality  of  the  triangles 
A  K  B  (Fig.  2)  and  A  K  F  (Fig.  1)  con 
very  easily  be  proved. 

The  movement  of  the  valve  from  its 
central  position  corresponding  to  any  an- 
gular movement  oc  of  the  crank,  is  thus 
very  simply  obtained,  as  the  chord  of  the 
arc,  A  K  (Fig.  2)  by  laying  off  the  angle 
oc  from  the  tangents  A  L.  Fig.  2  gives 
at  first  only  the  movement  of  the  valve 
centre  towards  the  right  hand  side,  for 
the  values  of  oc  between  0  and  180^  ; 
but  by  a  symmetrical  constmction  of  the 
circle,  A  K  B,  upon  the  other  side  of  the 
tangents,  the  corresponding  movements 
of  the  valve  towards  the  left  hand  side 
are  obtained  in  a  similar  manner. 
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GOAL  MINING. 

tBRIULTIOK — mSISO  WITHOUT  OX7NFOWDEB — 
BATESr  METHOD  OF  WOBKINO. 

tmiSmm&d  tmm  the  tnuisaral  addrcH  of  Mr.  EHtot,  Prestdeat 
«r  ito  North  of  fiaglaad  InsUtato  of  Mining  Engineers. 

TTith  regard  to  the  duration  of  the  coal 
«in>plj  in  Great  Britain,  Mr.  Elliot  said: 
I  baye  no  hesitation  in  expressing  my 
opinicMi  that  it  depends  in  a  great  degree 
upon  the  scientinc  improvements  we  are 
able  to  make  in  our  mode  of  ventilating 
the  workings.     It  is  probable  that  the 
ordinary  means  of  ventilation— whether  by 
furnace  or  fan — ^may  be  aided  by  a  change 
in  the  force  or  agency  employed  for  the 
purpose    of   hanlage  and  other  under- 
groond  work.     As  an   instance  of   my 
meaning,  I  may  mention  that  the  appa- 
ntos  which  I  nave  introduced  in  South 
Wales,  and  which  by  means  of  compressed 
air  nsod  as  a  motive  power  instead  of 
steam,  draws  trams  and  pumps  water  with 
complete  success,  is  found  to  generate  ice 
in  an  atmosphere  which  is  naturally  hot 
and  oppressive.     The  mechanical  useful- 
ness of  these  new  air-engines  seems  capa- 
ble of  indefinite  extension;  while,  as  their 
cooling  properties  form  a  collateral  advan- 
tage arising  out  of  their  use,  it  is  at  least 
possible   that  they  may  prove  valuable 
aoxiharies  to  the  more  regular  means  of 
ventilation  in  extending  the  security  and 
promoting  the  healthfiUness  of  our  mines. 
The  difficulties  of  ventilation  once  sur- 
mounted, the  extent  of  coal  at  our  dis- 
posal is  incalculably  increased    The  fields 
to  be  vyorked  below  the  sea  on  our  east 
and  west  coasts  are  in  themselves  enor- 
mous,   and  will  be  for  all  practical  pur- 
poses as  entirely  within  the  reach  of  the 
tnining  engineer  as  the  ordinary  workings 
<Hjt  of'wbich  coal  is  hewed     Geology  in- 
"^cates    tbat  in  many  districts  the  coal 
tmta  extends  seaward  10  or  12  miles  be- 
jnd    tliG  shore ;  and  it  ia  my  firm  belief 
^  lyyr  uinking  ventilating^  shafts  in  the 
VrmOLTX   Ocetm,  tho  coal  below  it  may  be 
ZLi-cl  AS  safely  and  certainly  as  it  is  bo- 
flh  where  lam  now  standing.    Is  or  do 
.iar^izoanv  difficulty  in  the  transport 
'       C^^/i/i/     According  to  my  estimates, 
"^''l^J^^iibcr  be  more  costly  nor  more 
""'^^'^  fir,  it  lias  been  in  days  gone  by 
rians  than  r^^  ^^^  distance  after  it 
nvev  coi^    ,,  ^  surface  inland 
tr^^/r^!i     rxext  proposition  aims  at 
Eilio^  ^     Jlie    system  under  which 


coal  is  worked.  He  says  :  It  is  simply 
that  we  should  aboHsh  tho  use  of  gun- 
powder in  our  mines,  and  by  so  doing  re- 
duce the  number  of  deaths  from  colliery 
explosions  to  a  minimum.  For  more  than 
a  quarter  of  a  century  I  have  steadily 
looked  forward  to  this  end;  have  upon 
all  favorable  occasions  agitated  the  sub- 
ject among  my  engineering  friends ;  have 
tried  divers  experimente ;  and  have 
watched  and  tested  with  earnest  interest 
inventions  which  had  the  disuse  of  gim- 
powder  for  their  aim.  Nearly  20  years 
ago,  while  giving  evidence  in  the  House 
of  Lords,  I  suggested  that  the  Govern- 
ment should  offer  a  premium  to  any  one 
who  succeeded  in  making  such  discovery. 
It  should  never  be  forgotten  that  the 
existing  necessiW  for  the  use  of  gunpow- 
der is  the  fruitral  source  of  colliery  acci- 
dents ;  once  abolish  it,  and  the  need  for 
naked  lights  is  gone.  Safety-lamps  might 
be  devised  which  the  pitmen  could  not 
open.  At  present  the  phrase  "safety- 
lamp  "  is  a  misnomer.  No  lamps  yet  in- 
vented are  entirely  safe.  A  series  of  ex- 
periments, tried  several  years  ago,  showed 
us  that  at  a  certain  velocity  the  flame 
passed  all  tho  lamps  in  existence ;  and 
until  it  is  possible  to  send  our  men  into 
the  pits  with  enclosed  Hgbts  and  cases 
which  are  immovable,  we  shall  not  have 
grappled  with  the  difficulties  arising  out 
of  the  fire-damp  and  gas. 

The  substitution  of  mechanical  means 
for  blasting  by  gunpowder  is,  however, 
fraught  with  difficulty.  Our  early  experi- 
ments wore  not  successful;  wo  endeavored 
to  burst  down  tho  coal  with  quick-lime  and 
other  substances,  but  failed  in  every  in- 
stance, owing  to  the  slowness  of  the  op- 
eration. I  have  tried,  moreover,  to  force 
down  tho  coal  by  hydraulic  machinery, 
but  failed  also,  tbiough  tho  water  perco- 
lating into  the  coal  and  oxliausting 
itself  by  that  means.  I  have,  however, 
the  satisfaction  of  knowing  that  our  labors 
have  not  been  altogether  lost,  for  their 
results  having  been  sedulously  made 
known  among  my  younger  engineering 
friends,  they  in  their  turn  have  brought 
their  energies  to  bear  upon  tho  point,  and 
with  considerable  success.  I  have  recently 
seen  3  kinds  of  appUances  for  this  pur- 
pose, somo  of  which  are  being  worked  at 
this  moment  in  my  collieries  in  South 
Wales,  and,  according  to  the  latest  re- 
ports, working  welL    My  conviction  is, 
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ill  many  of  the  products  classed  under 
the  heads  of  puddle  or  aimmer  steel,  etc. 

These  differences  may  be  remarked  as 
well  in  the  chemical  constitution  of  the 
respectiTe  materials.  It  is,  however,  dif- 
ficult to  determine  the  exact  amount  of 
each  element  present^  as  the  quantity  is 
so  small  proportionally  to  that  of  the 
iron.  E^enenoe  shows,  however,  that 
the  same  foreign  elements  show  them- 
selves  in  the  pig-iron,  the  steel,  and  the 
wrought-iron.  We  find  that  the  same 
products,  varying  only  in  purity,  may  be 
prepared  from  any  ore,  and  therefore  con- 
sider it  proper  to  take  it  for  granted  that 
these  various  forms  of  iron  are  due  to  the 
relative  amounts  of  carbon  and  other  ele- 
ments present  in  them.  It  has  long  been 
known  that  all  metals  are  materic^y  af- 
fected by  small  amounts  of  foreign  ele- 
ments, and  no  •exception  to  the  rule  is 
possible  in  the  case  of  iron. 

Copper  is  greatly  affected  by  traces  of 
o^rgen,  sulphur,  or  lead;  and  a  few 
thousandths  of  a  per  cent,  of  iron  reduce 
the  ductihty  of  both  zinc  and  tin.  Fremy 
has  shown  that  a  trace  of  bismuth  or  lead 
makes  gold  as  brittle  as  antimony.  It  is 
further  known  that  chrome,  nickel,  turg- 
Bten,  etc.,  harden  iron  similarly  to  carbon. 

The  substances  which  are  associated 
with  iron  are,  however,  more  numerous 
than  is  generally  believed.  The  follow- 
ing may  be  mentioned:  Carbon,  silicium, 
phosphorus,  sulphur,  arsenic,  potassium, 
sodium,  calcium,  magnesium,  aluminium, 
manganese,  nickel,  chrome,  titanium,  van- 
adium, copper,  nitrogen,  and  sometimes 
cobalt,  molybdanum,  etc.  It  may  be  as- 
serted with  justice  that  pig-iron  contaias 
some  portion  of  every  element  present  in 
the  ores  from  which  it  has  been  derived. 

The  presence  of  nitrogen  has  been 
shown  to  be  without  any  influence  on  the 
formation  of  steel  as  Fremy  supposed, 
and  the  quantity  of  the  same  in  steel  has 
been  shown  to  be  so  small  that  its  very 
presence  has  been  reasonably  doubted. 
Aluminium  is  present  in  all  irons  smelted 
from  clay  iron  ores  or  any  of  the  varieties 
of  black  band ;  these  irons  contain  also 
calcium  and  magnesium.  Some  analyses 
render  it  probable  that  the  silicium  pres- 
ent in  gray  irons  rich  in  manganese  is 
probably  chiefly  combined  with  the  lat- 
ter ;  the  probability  of  such  a  combina- 
tion is  made  stronger  by  the  results  ob- 
tained by  Brunner  and  Wtfhler,  who  found 


that  manganese  may  be  readily  alloyed 
with  j^  per  cent,  of  silicium. 

Gray  iron  often  contains  more  than  10 
per  cent,  of  foreign  constituents,  the 
number  of  which  is  very  great.  This  is 
especially  the  case  when  the  iron  is  very 
graphitic  and  has  been  reduced  at  a  great 
heat  Fresenius'  analyses  show  that 
white  iron  (spiegeleisen)  may  contain 
nearly  18  per  cent,  of  other  elements, 
manganese  and  carbon  with  silicium  be- 
ing always  in  preponderance.  These  ele- 
ments are  reduced  along  with  the  iron 
even  when  the  latter  is  produced  at  the 
lowest  possible  temperature,  as  is  the  case 
with  a  number  of  the  Styrian  white  irons. 

Elements  present  in  ihe  fluxes  are  re- 
duced into  the  iron,  as  for  instance  cal- 
cium in  considerable  quantity  when  mudi 
lime  is  used  with  clayey  ores.  Therefore 
it  may  be  stated  as  a  general  truth,  that 
pig-iron  contains  some  part  of  all  sub- 
stances present  in  the  furnace  at  the  time 
of  its  reduction. 

With  reference  to  the  elimination  of 
these  substances,  experience  proves  that 
only  those  elements  may  be  entirely  elim- 
inated which  possess  at  the  same  time 
a  great  affinity  for  oxygen  and  a  weak 
afi&nity  for  iron.  These  are  manganese, 
calcium,  magnesium,  etc.  DeviUe  has 
shown  that  aluminium  is  less  readily 
ozidizable,  and  that  it  is  present  in  some 
varieties  of  steeL  The  majority  of  the 
varieties  of  steel  contain  in  addition,  sul- 
phur, phosphorus,  silicium,  and  copper  ; 
some  French  steels  contain  also  cobalt 
and  nickel.  Parry  shows  that  the  pud- 
dled steel  made  at  Ebbwvale  contains 
carbon,  silicium,  sulphur,  phosphorus,  and 
manganese,  and  Karsten  proved  long  ago 
that  the  four  former  are  contained  in 
every  variety  of  wrought-iron.  The  com- 
position of  steel  and  wrought-iron  is  then 
quite  as  complicated  as  that  of  pig-iron, 
the  proportions  only  of  the  respective 
elements  being  different 

The  element  which  takes  precedence  of 
all  others  in  its  influence  on  the  proper- 
ties of  steel  is  carbon.  The  results  of  the 
investigation  of  many  kinds  of  Swedish 
and  Styrian  Bessemer  steel  show  the 
great  influence  of  carbon  on  the  respect- 
ive hardness  and  elasticity.  In  Sweden, 
9  sorts  of  Bessemer  steel  are  distinguished 
(Boman),  and  numbered  1,  IJ,  2,  2 J,  3, 
3  J,  4,  4  J,  5,  beginnino^  with  the  hardest. 
Analyses  made  at  Silianfors  give  the  cor- 
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PIOGBESS  OF  THB  METALLURGY  OF  IRON 
DURIS6  THE  LAST  OENTUBY. 

fcwklfid  LtMn  Berg  n  Btttteomlnnische  ZBitong,  hj  John 

a  I'earee. 

Bxtnct  tnm  a  prise  eany  by  R.  F.  Si%l8berg  of  Koagsborg, 

Korwaj.    Itei  reiat.vo  to  ibe  biosl  furnace. 

SxELTiNa  WITH  CoKE. — The  devastation 
of  whole  forests  occasioned  by  improvi- 
dent nse  of  wood  without  replanting, 
necessitated  this  step.  The  production 
of  iron  in  England  diminished  on  account 
of  the  scarcity  of  fuel  by  about  90  per 
cent  between  1612  and  1740.  Dudley 
robstitated  coke  for  charcoal  between  the 
years  1620  and  1650,  but  was  not  success- 
ful on  account  of  the  opposition  of  other 
ironmasters;  it  was,  therefore,  left  for 
Abr.  Darby  to  bring  coke  into  use  be- 
tween 1735  and  1740,  whereby  the  iron 
trade  received  a  powerful  impetus.  The 
nse  of  coke  did  not  spread  so  quickly  on 
the  continent  of  Europe,  partly  because 
wood  was  plentiful,  and  partly  on  account 
of  the  quahty  of  the  products.  The  intro- 
duction of  coke  had  become  general,  how- 
ever, before  1820,  since  which  time  the 
production  of  charcoal  iron  has  almost 
entirely  disappeared  in  Belgium,  while  in 
Prussia  it  does  not  amount  to  one-tenth 
of  the  iron  produced;  in  Austria  the 
greater  part  of  the  iron  is  made  in  char- 
coal furnaces,  many  of  which  also  still 
exist  in  the  United  States,  while  they  are 
the  only  variety  in  use  in  Scandinavia 
and  Russia,  and  it  is  only  recently  that 
coke  has  been  tried  in  Sweden. 

Although  the  production  became  vastly 
larger,  the  quality  of  the  iron  suffered, 
principally  from  sulphur  and  silicium; 
l>ut  it  nas  been  foiuid  that  with  ordinary 
care  a  first-rate  iron  may  be  produced. 
A  partial  use  of  coke  or  anthracite  along 
with  charcoal  yields  a  cheaper  iron,  the 
quality  of  which  does  not  seem  to  bo 
materially  impaired. 

Use  of  Hot  Blast. — Forty  years  ago  it 
was  generally  beUeved  that  the  cold  blast 
"WAS  the  best  on  account  of  the  greater 
quantity  of  air  forced  into  the  furnace  in 
a  given  time.  Neilson  introduced  the 
hot  blast  at  the  Calder  Iron  Works  in 
1830,  and  in  1835  there  were  no  more 
cold  blast  furnaces  at  work  in  Scotland. 
On  the  continent  its  use  became  general, 
but  for  a  while  it  fell  into  disrepute  be- 
cause the  quality  of  the  iron  was  made 
poorer,  so  that  it  had  been  almost  aban- 
doned again,  especially  in  Belgium,  be- 


fore 1843.  It  was  found,  however,  that 
the  cause  of  the  difficulty  was  not  the 
elevation  of  the  temperature  of  the  blast, 
but  the  retention  of  the  old  methods  of 
working  and  proportions  of  flux,  etc 
On  this  discovery  its  use  became  general, 
and  the  temperature  of  the  blast  has  been 
steadily  rising  till  in  some  places  it  now 
reaches  1,000®  or  more.  The  high  tem- 
perature has  been  foimd  to  render  the 
working  of  the  furnace  more  regular,  and 
to  save  a  great  deal  of  fuel  The  reduc- 
tion of  quality  by  the  larger  percentage 
of  silicium  incident  to  the  greater  heat, 
may  be  almost  obviated  by  a  proper  varia- 
tion of  the  fluxes  and  ores.  Experience 
has  shown  that  high  tempei-ature  in  con- 
nection with  proper  fluxes  reduces  the 
amount  of  sulphur  in  iron,  while  the  re- 
duction of  all  phosphoric  compounds  in 
the  ores,  etc.,  is  practically  as  complete 
with  the  cold  as  with  the  hot  blast. 

Use  of  Fubnacb  Gases. — ^The  French 
developed  their  use  from  1809  to  1836, 
but  the  most  material  progress  was  made 
by  Taber  du  Four  at  WasseraMngen  in 
Wiirtemberg,  who  appHed  or  attempted 
to  apply  them  to  idmost  every  use  to 
which  tney  have  since  been  put,  among 
others  to  liiat  of  puddling.  For  the  lat- 
ter and  similar  purposes  fiie  temperature 
produced  by  their  combustion  is  insuffi- 
cient They  are  almost  exclusively  used 
for  the  production  of  steam  and  heating 
the  blast.  There  have  been  many  doubts 
as  to  the  economy  of  their  use,  but  these 
have  been  gradually  dispelled  by  experi- 
ence. There  are  many  methods  of  clos- 
ing the  furnace  top,  the  best  of  which 
allow  the  gases  to  collect  over  the  top  of 
the  materials,  and  draw  them  out  in  the 
centre  instead  of  on  the  sides,  such  are 
those  of  Coignt  in  France  and  Langen  in 
Germany.  It  is  probable  that  the  diffi- 
culty experienced  at  several  works  on 
closing  the  furnace  top  to  draw  off  the 
gases,  and  the  consequent  increased  make 
of  white  iron,  might  have  been  due  to 
other  causes  thyi  the  closing  of  the  top. 
Wherever  the  gases  are  used  they  should 
be  drawn  out  of  the  furnace  by  a  chim- 
ney draught,  which,  however,  should  be 
no  more  powerful  than  is  necessary  to 
overcome  the  resistance  offered  by  the 
apparatus  to  the  free  ])assage  of  gas. 

Substitution  op  Wood  and  Coal  fob 
Charcoal  and  Coke. — ^W^ood  has  been  sub- 
stituted for  charcoal  with  entire  success; 
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the  coet  of  carriage  is,  however,  greater 
than  that  for  charcoal  where  both  must 
be  hauled.  For  common  jjiu'poses  the 
use  of  ruw  coal  is  adviBible;  when,  hoTV- 
cver,  good  qualit}^  is  deeired,  especially 
freedom  fi*om  sulphur,  it  seema  best  to 
coke  tho  coaL  The  advantages  of  the 
use  of  both  wood  and  raw  coal  are  chiefly 
that  the  yield  in  charcoEd  and  coke  re- 
spectively is  increased,  and  that  the  vol- 
ume of  the  resulting  gases  is  gi^eater 
while  the  heating  powers  of  the  same 
are  more  considerable.  The  use  of  raw 
materials  cooled  the  furnaces  at  first  con- 
sider abh',  and  for  some  way  down  from 
the  throat;  this  difficiilty  was  overcome 
by  the  use  of  the  hot  blast,  and  eo  en- 
larging the  upper  parts  of  the  furnace 
that  they  might  correspond  in  capacity  to 
the  increased  dimensions  of  a  given  weight 
of  wood,  and  that  where  coal  wag  used  they 
might  permit  the  free  passage  of  the  as- 
cending gas.  In  England  raw  coal  is  the 
fuel  moat  generally  uaed  ;  on  the  conti- 
nent, however,  it  ia  seldom  used, 
and  never  without  admixture  of  coke. 
Wood  has  been  in  several  instances  used 
entii-ely  without  charcoal,  but  as  a 
rule  air  or  kiln-dried  wood  is  mixed  with 
charcoid  in  various  proportions.  In  some 
localities  in  Austria  peat  is  substituted 
for  charcoal,  even  to  the  extent  of  two- 
thii^ds  of  the  whole  amount,  while  in 
America  anthracite  is  sometimes  vised 
with  charcoal 

The  economy  resulting  from  the  use  of 
raw  fuel  is  considerable,  but  the  quality 
of  the  iron  made  with  raw  coal  ia  often 
seriously  injured.  Iron  made  from  wood 
ia  quite  as  good  as  that  made  from  char- 
couL  There  are  some  coals,  however, 
which  can  be  used  raw  in  the  furnace, 
though  they  do  not  yield  good  coko. 

lNCRE.iSEi>  Size  and  Changed  BiMEKsioNa 
OF  THE  FuRNiCE, — TLo  Small  size  of  the 
furnaces  in  use  early  in  the  century  was 
doubtless  due  to  the  use  of  charcoal  and 
an  inadetjuate  pressure  of  blast.     On  the 
Use  of  coke,  eU\,  the  furnaces  were  en- 
larged, but  principally  by  incri?asing  their 
height ;  tJie  old  form,  witli  narrow,  per- 
pendicular cniciljle,  flat  boshes  and  small 
throat,  was  long  retained  as  the  best  con- 
struction.     In    1820    the    crucible    was 
''s^idened  considerably  in    England   and 
Sweden,   and  its  sharp   angle  with  the 
boalies  cut  away  (1820-1830),  while  the 
throat  was  greatly  widened,  even  up  to 


three-fourths  the  diameter  of  the  shaft  tit 

the  top  of  the  boshes.     The  propriety  of 

,  the  comparatively  wide  throat  is  now  gen* 

erally  acknowledged.     The  general  form 


of  the  shaft  is  either  that  of  one  cone  in- 


I  verted  upon  another,  with  more  or  lesa 
cylindrical  space  between  them,  or  thai 
of  an  ellipsoid.     The  application  of  cylin- 

1  drical  shafts  has  remained  almost  local, 
and  the  great  widening  of  the  throat  pro- 
posed by  Truran  has  met  with  no  ap- 
proval  :  the  eUiptical  form  proposed  by 
Alger  has  not  as  yet  given  any  very  ex- 
traordinary residts.  llaehette  combined 
the  ideas  of  Truran  and  Alger  in  his  inge- 
nious furnace.  This  fui^nace  is  reported 
to  work  well  in  the  Ural  Mountmns,  but 
the  only  one  bmlt  in  Europe  (for  smelting 
iron)  baa  not  as  yet  been  more  economi- 
cal of  fuel  or  allowed  a  greater  production 
than  the  old  furiii.  The  experiments  with 
these  various  forma  are  probably  not  yet 
ended. 

Improved  Roasttko  op  the  Obss, — 
Roasting  in  heaps  has  been  generally  su- 
perseded by  that  in  variously  constructed 
kilns.  In  Sweden  and  Styria  the  furnace 
gases  are  advantageously  used  to  roast  the 
ores.     Comparative  trials  made  at  various 

I  works  on  the  advantages  of  burnt  over 
raw  limestone  have  led  to  the  use  of  burnt 
limestone.  These  improvements  have  in- 
creased the  )*ield  and  ecnnomy  of  fuel, 
w^hile  they  have  greatly  added  to  the  cer* 
tainty  w  ith  which  it  is  possible  to  work  a 
furnace. 

Perfectton  of  Machinert  and  AppAKAxna. 
—Increased  size  has  necessitated  more 
pow^erful  blast  engines,  some  of  which  are 
of  enormous  size,  and  furnish  wind  at 
very  high  pressurea  The  increased 
width  of  throat  made  it  necessary  to  per- 
fect mechanical  appliances  for  charging. 
These  consist  in  general  of  a  section  of  a 
cone  inverted  over  the  throat,  with  tha 
small  end  down ;  the  opening  may  bo 
closoil  either  from  below  by  means  of  a 
bell,  which  is  lowered  (Parry),  or  from 
al>ove  by  means  of  a  cylinder,  which  is 
raised  (Langen)  to  allow  the  materials  to 
faU  into  the  furnace.  These  charging  ar- 
rangements also  serve  to  collect  and  draw 
off  the  gas,  that  of  Parry  indirectly,  as  it 
merely  closes  the  throat,  while  that  of 
Langen  is  ao  arranged  that  the  gases  ara 
drawn  directly  from  its  centre. 

UTrLizATioN  OF  Cinder  from  PuDPLrNO  Ain> 
HEATina  FcaNA^cESL^ — (Tap  and  flue    cin- 
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der.)  Liarge  quantities  of  iron  were  yearly 
lost  in  these  cinders,  before  they  were  re- 
smelted.  They  should  be  roasted  to  facili- 
tate reduction,  and  should  be  smelted 
with  a  large  percentage  of  lime.  The 
iron  made  of  them  is  usually  very  cold 
riiort,  and  is  used  to  mix  with  better  irons 
in  the  puddling  furnace,  and  seldom  for 
casting,  to  which  purpose,  however,  it 
would  be  well  fitted,  on  account  of  its  per- 
centage of  phosphorus,  as  it  would  run 
thinly  and  yield  sharp  castings. 


FBEIGHT  lOCOMOnVES 

Otaoplted  from  <*  DwineeriDg  "  ukd  •*  The  Baihray  Kew&  " 

The  present  problem  for  great  railway^ 
is  how  to  accommodate  an  enormous 
freight  traffic  economically,  and  also  in 
combination  with  frequent  passenger 
trains  at  high  speed.  To  lay  other  lines 
for  the  convenience  and  safety  of  passen- 
ger traffic,  as  has  been  proposed,  would 
be  to  still  farther  lose  the  use  of  perma- 
nent wa^,  already  too  Httle  worked  to  pay 
proportionate  interest  on  its  cost.  And 
where  is  the  money  coming  from  to  build 
the  other  hues? 

The  theory  and  the  modem  practice 
are  in  the  direction  of  longer  trains,  and 
consequently  heavier  engines.  On  the 
Northern  of  France  Railway,  for  instance, 
there  are  tauk  engines  of  59  tons  which 
haul  trains  of  45  laden  cool  timcks  on 
gradients  of  1  in  200.  Long,  heavy  trains 
are  worked  at  less  cost  per  ton  carried 
than  light  trains,  and  railway  managers 
generally  are  making  the  trains  as  heavy 
as  their  engines  can  handle,  and  con- 
stantly increasing  the  weight  of  their 
engines.  In  short,  if  1  locomotive  can 
be  made  to  do  the  work  of  2,  it  is 
needless  to  say  that  an  immense  economy 
would  be  effected  in  the  working  of  our 
railway  system.  If  the  total  working  ex- 
penses with  20  freight  trains  of  35  cars 
each  were  75  cents  per  mile  in  each  direc- 
tion daily,  it  would  probably  be  found  that 
for  14  trains  of  50  cars  each  they  would  not 
exceed  $1,  the  total  cost  for  all  trains 
being  $2.40  per  mile  in  the  former  case, 
and  $2.24  in  the  latter. 

But  will  the  permanent  way  stand  this 
increased  weight  of  engines  ?  Steel  rails 
have  to  a  great  extent  rendered  this  prac- 
tice feasible,  but  steel  rails  will  wear  out 
in  timfi,  and  the  strains  of  heavier  engines, 


08  now  constructed,  upon  themselves,  and 
the  sleepers  and  baUast,  are  very  great, 
and  have,  perhaps,  reached  their  prac- 
ticable limit.  The  purely  locomotive  en- 
gineer is  not  so  apt  to  see  these  facts  as  is 
the  civil  engineer,  and  especially  the  per- 
manent way  engineer.  The  former  looks . 
upon  the  permanent  way  as  a  camel's 
back,  fitted  to  bear  any  and  all  burdens, 
burdens  which  no  final  straw  can  break. 

To  insure  economical  maintenance  of 
way,  the  weight  upon  engine  wheels  must  be 
diminished,  or  at  least  not  increased,  if 
engines  are  made  heavier.  The  permanent 
way  must  be  twice  as  strong  to  bear  6 
tons  on  a  wheel  as  would  be  necessary  for 
3  tons— earthwork,  ballasting,  sleepers, 
chairs,  and  rails — everything,  must  be 
twice  as  strong.  And  so  it  must  be  if  but 
2  or  4  wheels  of  all  that  are  in  a  train 
press  with  a  force  of  6  tons  each,  and  the 
100  or  200  others  are  loaded  only  to  half 
that  weight.  The  line  must  be  made  for 
the  maximum,  not  for  the  average  nor 
the  minimum  load  per  wheel.  The  wear 
or  abrasion  of  the  head  of  the  rail  is  not, 
it  is  true,  dependent  merely  (although  it 
is  to  some  extent)  upon  the  maximum 
load  per  wheel,  and  probably  2  wheels 
loaded  to  3  tons  each  wiU  cause  nearly  as 
much  superficial  u^ar  as  1  loaded  to  6 
tons,  although  they  will  knock  the  way  to 
pieces  to  a  far  less  extent.  Another  fault 
of  the  existing  types  of  engines  is  that  the 
weight  per  wheel  but  seldom  approaches 
anything  like  equality  on  all  the  wheels. 
Of  6-coupled  engines,  the  leading  wheels 
majr  be  loaded  to  7  tons  each,  while  the 
trailing  wheels  may  bear  only  5,  although 
6  on  each  of  both  would  be  preferable. 

The  only  way  to  diminish  the  weight 
per  wheel  of  a  heavy  engine  is,  necessarily, 
to  increase  the  number  of  wheels.  It  is, 
then,  naturally  asked.  Why  not  attach  2 
engines  to  the  train  ?  Two  engines,  how- 
ever, require  2  drivers  and  2  firemen,  and 
a  good  deal  of  care  to  start  and  work 
in  concert.  But,  then,  there  is  the  plan 
of  working  2  engines  footplate  to  foot- 
plate, with  but  1  driver,  and  possibly  but 
1  fireman.  The  objections  to  this  plan 
have  been  frequently  pointed  out,  and 
there  is  but  1  line,  the  Turin  and  Genoa, 
where  it  has  ever  been  resorted  to.  The 
driver's  attention,  sufficiently  occupied 
with  1  engine,  is  divided  between  2  of 
every  lever,  handle,  rod,  or  whatever  else 
he  ordinarily  has  to  touch — 2  regulators, 
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reversing  levers,  brakes,  steam  gauges, 
glass  gauges,  damx)er3,  and  steam  blow- 
ers in  elmnney,  2  sets  of  pomps,  safety 
valves,  cylinder  cocks,  blow-oflf  cocks,  and 
sand  boxes — at  least  24  distinct  claims 
upon  his  attention,  where,  with  any  ordi- 
-  nary  engine,  he  would  have  but  12. 

The  59-ton  engines  on  the  Northern  of 
France,  before  referred  to,  have  12  wheels 
and  4  cylinders,  2  to  each  group  of  6- 
coupled  wheels.  But  these  distinct  groups 
are  not  bogies,  all  the  axles  being  parallel, 
although  the  lirst  and  last  axles  of  each 
group  have  considerable  end  play.  The 
wheel  base,  therefore,  is  nearly  20  ft 
long,  and  the  engines  thus  strain  the  way 
laterally,  and  are  often  breaking  their 
axle  boxes.  In  any  case  such  engines, 
having,  too,  all,  or  nearly  all,  the  comph- 
cation  of  the  double  bogie  engine,  must 
work  with  considerable  Miction. 

The  defects  of  the  modem  freight  en- 
gine are  metaphorically  depicted  by  "  En- 
gineering" as  follows:     The  locomotive 
of  1SG8  is  a  monster  which  all  gooil  en- 
gineers should  unite  to  destroy.     He  is 
the  stalking  horse  of  railway  bankruptcy, 
the  gaunt  steed  of  railway  ruin.     We  can 
remember  the  locomotive  shortly  aTter  he 
was  foaled,  and  when,  as  a  colt^  he  beat 
the  devil  s  tattoo  with  his  Kttle  wheels — 
heels  we  mean — weighing  not  more  than 
fL\e  tons  on  the  hind  pair;  and  he  was  a 
4-footed  locomotive  then,  and  not  a  6  or 
8-footed  nondescript  as  now.     Bless  his 
little  boiler!     He  could,  as  he  was  then, 
ride  on  the  footplate  of  the  hard-mouthed 
stallions  that  tear  over  the  rails  now,  and 
they  would  never  feel  it,  although  the 
race-ooorse    'yclept    "permanent    way,** 
might     But  he  has  grown  altogether  too 
big,  and  be  must  either  have  more  legs 
put  under  him  or  else  be  knocked  on  the 
head.     There  is  a  main  pair  of  legs  to 
every  engine,  through  which  it  must  exert 
&21  its  strength  on  a  pull.     For  a  strong 
poll  all  the  legs  must  pull  together,  and 
all  must  keep  exact  step  with  each  other. 
This  can  only  be  secured  by  means  of  cer- 
tain  harness  known  as  coupling  roils; 
but  when  more  than  6  legs  at  most  are 
coupled,  there  is  fretting  and  chafing. 
\Vhn.t  with  the  difference  in  shoeing,  and 
in.    the  weight  on  each  pair  of  legs,  there 
IS  a  constant  tendency  to  get  out  of  step, 
^Wch  only  the  coupling  rods  can  restrain. 
When  the  beast  has  8, 10.  or  12  legs,  as 
"^e  of  them  have,  coupling  rods  may  be 


carried  altogether  too  far.  The  weight  is 
well  distributed,  no  doubt — say  to  4,  or, 
at  most,  5  tons  on  a  hoof — ^but  the  coup- 
ling rods  do  almost  more  harm  than 
good,  and  in  turning  Tattenham  Comer, 
or,  in  other  words,  a  sharp  curve,  the  oflf 
heels  are  playing  mischief  with  everything 
on  that  side.  The  fact  is,  very  long-bel- 
Ued  horses,  of  the  breed  we  are  dealing 
with,  will  never  ride  welL 

Dropping  the  metaphor,  8,  10,  or  12- 
coupled  engines,  having,  therefore,  neces- 
sarily long  wheel  bases,  tear  the  way  to 
pieces  and  themselves  too.  And  the  system 
of  engine  building  which  requires  a  per- 
manent way  twice  as  strong  as  it  is  neces- 
sary for  the  pa^-ing  load,  including  wag- 
ons, to  be  drawn,  is,  on  its  face,  wholly 
wrong,  and  nothing  but  habit  and  an 
almost  pagan  veneration  for  the  outward 
form  of  the  locomotive  as  Greorge  Ste- 
phenson left  it,  can  account  for  the  long 
continuance  of  a  practice  so  palpably 
vicious.  With  properly  constructed  en- 
gines the  permanent  way  need  not  be 
made  nearly  so  strong  as  now,  or,  if  the 
present  strength  were  retained,  the  wear 
and  tear,  upon  the  plainest  principles  of 
action  and  reaction,  would  be  very  sensi- 
bly diminished. 

Tlie  double  bogie  engine  of  Mr.  FairHe 
appears  to  meet  the  moclem  requirements 
better  than  any  scheme  that  has  been  put 
forward.  The  double  bogie  engine,  origi- 
nally made,  in  a  somewhat  different  form, 
many  years  ago,  at  Seraing,  in  Belgium, 
had  many  defects  in  detail  which  con- 
demned it  In  Mr.  Fairlie's  engine  there 
has  been  found  no  serious  fault,  except 
the  general  charge  of  complication.  This 
engine  has  12  wheels  of  4  feet  in  diameter, 
arranged  in  two  groups,  each  group  inde- 
pendent of  the  other,  and  driven  by  a  pair 
of  cylinders  18  inches  in  diameter  with 
24-inch  stroke.  Each  bogie  has  a  wheel- 
base  of  8  feet  6  inches,  and  this  length  is 
practically  the  rigid  wheel-base  of  the  en- 
gine. The  total  wheel-base  is  32  feet  6 
inches,  and  this  gives  great  steadiness  to 
the  engine,  whilst,  as  will  be  seen,  it  does 
not  interfere  with  its  flexibility.  The 
boiler  is  carried  upon  a  cradle  or  carrier 
frame,  which  is  in  turn  supported  on  the 
two  bogie  frames.  The  fuel  and  water 
are  carried  on  the  engine  itself,  the  ne- 
cecessity  for  a  tender  is  dis^nsed  with, 
and  the  whole  weight  earned  is  made 
available  for  adhesion  or  grip  on  the  rula. 
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13ie  bogies  are  free  to  swivel  on  their 
pna,  and  each  engine  can  radiate  inde- 
pendently of  the  other;  so  whilst  passing 
loiind  even  an  S  carve,  each  bogie  can 
accommodate  itself  to  the  direction  of  the 
coiratore  without  in  any  way  interfering 
with  the  action  of  the  ouier.  The  boiler 
has  2  barrels,  each  13  feet  long  by  4  feet 
in  diameter,  these  barrels  springing  from 
a  central  fire-box  casing  10  feet  6  inches 
long.  The  barrels  contain  852  tubes,  2 
inches  in  diameter  inside,  and  the  boiler 
has  altogether  a  total  heating  surface  of 
2,550  square  feet.  The  grate  surface  is 
S2  square  feet.  Both  the  regulator  and 
the  reversing  gear  are  arranged  to  be 
worked  from  either  side.  The  tractive 
power  of  the  engines,  with  a  cylinder 
pressure  of  100  pounds  to  the  square 
mehj  is  equal  to  33,400  pounds,  or  equiv- 
alent to  drawing  a  gross  load  of  390  tons 
up  a  gradient  of  1  in  25,  at  a  speed  of  10 
nules  an  hour.  The  great  points  in  favor 
of  the  double  bogie  engine  are  these:  it 
admits  of  at  least  twice  (and  that  an 
equal)  subdivision  of  weight  per  wheel 
attainable  with  an  ordinary  engine.  If 
such  an  extreme  subdivision  of  weight  be 
not  desired,  then  it  permits  of  the  con- 
struction of  a  heavier  and  more  powerful 
engine,  with  a  given  weight  per  wheeL 
So  long  as  it  has  less  than  twice  the  num- 
ber of  wheels  of  an  ordinary  engine,  it 
admits  of  shorter  individual  wheel-bases, 
and,  indeed,  this  will  generally  hold  good 
even  where  12  or  16  wheels  are  employed. 
One  of  these  engines  has  been  at  work 
for  some  time  past  on  the  Neath  and  Bre- 
con Railway,  and  Captain  Tyler,  who  re- 
ported upon  its  working,  described  its 
motion  over  new  and  sharply-curved  por- 
tions of  the  lino  as  being  so  free  from  vio- 
lent motion  and  oscillation,  as  to  suggest 
to  him  the  idea  of  ''sailing.''  The  South 
Western  of  Ireland  is  about  to  make  trial 
of  these  engines,  and  another  trial  is  to 
be  given  to  one  on  the  Central  Pacific 
Bailway.  The  engine,  which  has  been 
built  by  William  Mason,  at  Taunton,  will 
shortly  be  put  where  its  merits  will  be 
well  tested,  and  its  restdts  brought  home 
to  us.  At  the  western  extremity  of  the 
Central  Pacific  the  line  ascends  from 
Sacramento,  at  the  sea  level,  to  the  sum- 
mit tunnel  in  the  Sierra  Nevada,  or  Ne- 
vada Mountains,  the  ascent  in  a  distance 
of  105  miles  being  no  less  than  7,042  feet, 
and  the  average  inclination,  therefore,  1 


in  67  for  the  whole  distance,  while  for  6 
miles  there  are  gradients  of  1  in  45|,  or 
116  feet  per  mile. 

By  another  arrangement  of  Mr.  Fair- 
lie's,  that  of  hauling  the  trucks  or  cars 
from  a  centre  draw-bar,  each  end  work* 
ing  on  a  swivel,  the  largest  of  goods  trains 
may  be  made  to  follow  the  curves  and 
windings  of  a  railway,  without  that  risk 
of  being  pulled  off  the  line  which  too  fre- 
quently occurs  in  the  case  of  long  trains. 
This  arrangement  will  be  referred  to  in 
another  article. 

Meanwhile  "Engineering"  calls  for 
other  designs  of  50-ton  engines,  and 
thinks  there  will  bo  no  difficulty  in  mak- 
ing a  6-coupled,  20-inch  cylinder  engine, 
with  2  feet  stroke,  6  feet  wheels,  boiler  4 
feet  9  inches  diameter,  300  tubes  2  inches 
by  12  feet,  30  feet  area  of  fire-grate,  and 
1,800  feet  of  heating  surface;  tractive 
force  16,000  pounds.  Such  an  engine 
would  have  but  8  tons  on  a  wheel,  if  the 
weights  were  properly  distributed. 


WILLIAM  H.  TALCOTT.— It  is  with 
regret  that  we  record  the  death  of 
this  gentleman,  which  occurred  on  the 
8th  of  December,  at  his  residence  in  Jer- 
sey City.  For  many  years  Mr.  Talcott 
has  been  known  as  among  the  most  emi- 
nent of  the  Ci\'il  Engineers  of  this  coun- 
try. On  all  matters  connected  with  hy- 
draulics, his  long  and  successful  expe- 
rience has  given  to  his  opinions  especial 
weight  and  influence.  It  is  not  within 
the  limits  of  this  brief  notice  to  enumerate 
the  many  public  works  with  which  he  has 
been  connected.  From  the  very  beginning 
of  his  professional  life  he  has  commanded 
the  esteem  of  all  who  knew  him ;  and  bis  ex- 
cellent judgment,  his  keen  analytical  pow- 
ers, and  unwavering  probity,  had  placed 
him  in  the  highest  ranks  in  the  profession. 
His  name  will  always  be  remembered  by 
those  who  knew  him  as  that  of  an  accom- 
plished engineer,  and  a  most  estimable, 
upright  Christian  gentleman. 


ALGERNON  ROBERTS.— Theun- 
timely  deatli  of  Mr.  Algernon  Rob- 
erts, of  Messrs.  A.  &  P.  Roberts,  Poncoyd 
Iron  Works,  Philadelphia,  will  be  widely 
and  sincerely  mourned.  He  was  one  of 
our  active,  energetic,  working  engineers 
and  managers,  as  well  as  a  useful  citizen 
and  a  genial  friend. 
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MACHINE  Tools,— One  of  the  best  feat- 
ures of  modem  mechanical  engineer- 
ing is  the  increased  weight  and  better 
fitting  of  machine  tools  ;  not  simply  be- 
cause the  work  thej  torn  ont  is  better 
done,  but  because  it  is  done  more  cheaply. 
For  instance,  a  Ught  planer  can  neiUier 
take  a  heavy  cut  nor  a  true  one.  "NMien 
work  leaves  a  tool,  it  should  be  finished 
— subsequent  hand-scraping  and  di-aw- 
filing  ant  neither  beneficial  nor  econo- 
mical A  planer  can  hai^y  be  too 
heavy. 

Another  feature  of  modem  practice  is 
the  use  of  special  tools  that  can  do  one 
thing  rapidly  and  truly,  instead  of  con- 
xertible  tools  that  can  ^o  anything.  Yer- 
satihty  is  not  to  be  condemned,  but  in  the 
extensive  and  regular  reproduction  of  a 
given  product,  the  sphere  of  the  Jack-at- 
all-trades  is  limited. 

Still  another  and  a  novel  feature  of 
modem  tool-building  is  the  devotion  of 
the  leading  builders  to  various  specialties 
— the  2  Philadelphia  shops,  for  instance, 
that  are  known  wherever  gooil  machine 
tods  are  appreciated.  Although  tliey  are 
not  relaxing  their  efforts  in  the  prcvduc- 
tion  of  miscellaneous  tools,  Bement  & 
Dougherty  make  a  specialty  of  Upright 
and  Horizontal  Boring  Alaohines,  Shap- 
ing Machines,  Punching  and  Shearing 
Machines,  Cotter  Drills,  and  Steam 
Hammers.  Their  Boring  Machine  for 
the  Beaton  Navy  Yard,  lately  illustra- 
ted in  Tarious  ma^razinea,  swings  no 
kes  than  24  feet  by  the  shifting  of 
tlie  uprights,  and  lii  foet  onlinarilv. 
Another  machine  from  these  patterns  is 
oonstructing  for  the  W*ashington  Navy 
Tard.  We  notice  at  these  works  a  Shap- 
ing Machine  20  feet  long,  with  double 
travelling  hea<is,  for  dressing  out  locomo- 
tive frames ;  also  a  Pidloy  Turning  Ma- 
chine, to  turn  2  at  once,  with  rt>und  or 
straight  facets.  Among  the  Steam  Ham- 
iners,  the  2M\  400,  600,  and  1,000  i^ind 
aixea,  for  smith  shops,  appear  to  l>e  thor- 
oughly built  and  well  adapted  to  miscol- 
Uneous  work.  The  frame,  slide,  cylin- 
der, and  valve-seat  or  chest  ^ri^tary  slide 
Talve>,  arx*  cast  in  1  piece  :  the  anvil  is 
independent  A  ct^nsiderable  improve- 
ment m  planers  consists  in  castingsidepn>- 
jections  on  the  l^i— widening  it  out— for 
itim^giit  vertical  upright  5^.  inst<\vl  of  bend- 
mm  the  uprights  at  the  bi>ttom  :  this 
olmoMy  stiffens  the  machine.    Mr.  Be- 


ment  has  overhauled  the  40-inch  lathe, 
making  a  very  powerful,  accurate,  and 
highly  adjustable  machine.  The  live  head 
is  much  lengthened,  to  give  wider  cones 
and  heavier  belts.  A  screw  feed,  for  screw- 
cutting,  is  placed  inside  the  bed,  and  is 
used  for  that  purpose  alone.  It  is  reversed 
by  clutches  in  the  lathe  head,  instead  of 
reversing  overhead.  Another  rack  feed  is 
placed  outside  as  usuaL  The  lathe  has 
an  improved  adjustable  rest,  supported 
on  a  heavy  screw,  to  adjust  the  height  of 
the  tool ;  also  a  facing-feed  on  the  rest 

Among  the  specialties  of  William  Sellers 
&  Co.  are  Steam  Hammers,  in  which  their 
success  has  been  remarkable,  and  is  else- 
where referred  to. 


ANOYEL  Squeezer. — ^In  several  of  the 
iron  mills  where  the  Sellers  hammer 
is  employed,  puddle  balls  are  squeezed  by 
being  placed  on  the  anvil  and  subjected 
to  the  powerful  pressure  of  steam  admit- 
ted above  the  piston.  The  squeezing  saves 
much  metal  which  would  fly  off  under  the 
hloic  of  the  hammer,  or  wnich  would  be 
crumbled  off  in  the  rotary  squeezer. 
WTien  the  ball  is  compacted  by  pressure, 
it  is  patted  and  then  hammered.  This  is 
the  practice  in  making  puddled  steel. 

The  manufacture  of  ihe  Morrison  ham- 
mer, improved  by  Sellers,  is  a  specialty  of 
AYiUiam  Sellers  &  Co.'s  business.  The 
demand  for  Ste,im  Hammers  of  all  sizes, 
and  especially  of  tlie  smaller  sizes  for 
raiLroad  and  smith  shops,  is  very  largely 
increasing  in  this  countnr,  and  this  is  a 
hopeful  fact  for  better  work  and  economi- 
cal production. 


THE  SrcsfENs*  Marten  Procesbs  has  been 
successfully  started  at  the  Trenton 
Iron  "Works,  under  the  superintendence 
of  Mr.  PrfHlericl:  J.  Slade.  Commissioned 
by  sevond  American  steel  and  iron  manu- 
facturers to  make  a  report  on  the  state  of 
the  art  in  Europe,  Mr.  Slade  devoted 
much  time  to  these  investigations,  and  es- 
jxH»ially  to  the  study  of  ihe  various  new 
steel  pnx»eiwes ;  he  also  made  a  valuable 
contribution  to  the  able  report  of  Mr.  A. 
S,  Howitts  Vniteil  States  Commissioner  at 
the  Paris  Exposition.  Fnder  these  aus- 
pices, we  may  look  for  the  rapid  develop- 
ment  of  this  new  and  important  mann- 
{aetni>a. 
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SHIPS  OF  WAS. 

TBB  M  OXITOB  AKD  THB  GASBICATE  8TSTEUS 

COMPilBED. 

Aba/mfOt  trtmx  TariooB  artiota  ia  "  Bogineerlng.'* 

The  adTantages  of  the  turret  ship  are 


L  HaTing  no  masts,  and  haying  its  gons 
ind  much  of  its  armor  farther  inboard,  it 
rolls  less  than  the  broadside  ship. 

2.  Its  gon  ports,  being  farther  inboard, 
would  not  roU  under  water,  where  those 
of  a  broadside  ship,  at  the  same  angle  of 
mdination,  would  do  so. 

3.  For  the  same  reason,  the  gans  rise 
tnd  lalL  through  a  less  arc,  and  vertical 
aim  can  thus  be  better  taken  when  firing 
in  a  sea  way. 

4.  All  its  guns  can  be  brought  to  bear 
on  either  beam,  as  well  as  a  portion  of 
them  (i^ere  there  are  two  or  more  tur- 
rets) on  each  beam. 

5.  The  training  of  the  guns  is  perform- 
ed independently  of  the  gunners,  and  their 
attention  in  loading,  running  out,  aiming, 
and  firing,  is  thus  less  interfered  with 
than  where  the  training  is  performed  by 
hand  and  within  the  battery. 

6.  The  guns  can  be  trained  nearly 
through  the  whole  circle,  upon  an  enemy 
mancduyring,  and  without  turning  the 
ship. 

7.  The  turret  ship  can  fight  "end  on," 
with  the  gun  or  guns  of  one  turret,  and 
nearly  "  end  on"  with  the  guns  of  all  its 
turrets. 

The  advantages  of  the  broadside  Bystcm 
are: 

1.  They  can  carry  masts  and  sails  where 
the  others,  with  their  low  freeboards,  can- 
not safely  do  so.  A  ship  with  a  high  free- 
board wUl  roll  through  an  angle  at  which 
a  ship  with  a  low  freeboard  would  capsize, 
from  the  weight  of  water  on  one  side  of 
the  deck.  Thus  the  broadside  ship  may 
economize  coal  by  setting  sail  where  the 
turret  ship  has  no  sails. 

2.  Broadside  ships  in  which  men  are 
exercised,  messed,  and  berthed  above  the 
water  line,  are  more  habitable,  healthful, 
and  better  lighted  and  ventilated  than 
turret  ships  can  be  while  cruising.  Arti- 
ficial ventilation  may  go  far,  but  open-air 
exercise  at  sea  is  impossible. 

du  The  ship  with  a  high  freeboard  car- 
ries its  guns  higher  out  of  water. 

It  is  only  8  years  since  4^-inch  plates 
would  resist  the  best  ordnance;  now  shot 
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and  shells  are  thrown  by  50  to  100  pounds 
of  powder  through  5  and  6-inch  plates, 
and  the  Whitwortii  flat-fronted  projectUes 
penetrate  even  below  water.  And  still 
heavier  armor  will  soon  be  demanded  to 
keep  pace  with  artillery. 

These  are  the  respective  advantages 
admitted,  and  the  conditions  required, 
but  another  important  question  is  in  dis- 
pute: 

The  partisans  of  turrets  also  claim  that 
turret  ships  of  a  given  displacement  can 
carry  thicker  armor  than  broadsides;  that, 
exposing  a  smaller  surfece  to  the  enemy's 
fire,  they  are  less  likely  to  be  hit,  and  that 
they  can  carry  and  work  heavier  guns. 
But  when  these  alleged  advantages  are  ex- 
amined, they  win  be  found  to  be  to  a  great 
extent  illusory. 

It  is  easy  to  see  that  ships  with  2  or 
more  turrete — ^the  Royal  Sovereign  has  6 
and  Admiral  Halsted  proposes  7 — can 
carry  very  little  more  armor,  with  the 
ports  the  same  height  from  the  water, 
than  broadside  ships  carrying  the  same 
number  of  guns.  Although  showing  but 
little  freeboard,  the  height  of  the  armored 
side  of  the  turret  ship  is  much  more 
than  shows.  The  armor  must  go  well 
down  below  water  to  provide  for  rise  as 
the  coal  is  burned  out— a  rise  of  2  feet 
in  a  ship  300  by  50  feet  for  500  tons  of 
coaL 

Supposing  the  side  armor  of  the  turret 
ship  to  bo  transferred  bodily  to  the  broad- 
side ship.  Then  let  us  see  how  much  more 
of  the  broadside  ship  the  turret  armor 
would  cover.  "Whatever  the  thickness 
and  height  of  the  turret,  each  one  of  them 
(25  to  26  feet  diam. )  presents  80  lineal  feet 
for  the  protection  of  2  guns,  160  feet  (2 
turrets)  for  4  guns,  and  240  feet  (3  tur- 
rets) for  6  guns.  A  broadside  ship  50 
feet  wide,  wifli  ports  20  feet  apart,  would 
enclose  4  guns  at  the  ends  and  sides  with 
180  hneal  feet  of  armor,  and  6  guns  with 
220  feet.  As  the  number  of  turrets  is  in- 
creased, so  is  the  advantage  of  the  case-» 
mated  ship. 

This  comparison  supposes  the  same 
height  of  sides;  but  even  then  the  case- 
mated  ship  is  a  high  ship,  and  presents  all 
the  advantages  of  height  above  water,  as 
far  as  the  casemate  extends. 

The  point,  therefore,  is  not  that  one 
system  presents  more  surface  for  protec- 
tion than  the  other,  but  how  far  it  is  best 
to  increase  the  height  of  armor  in  order 
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to  Beciiro  the  advantage  of  a  liigh  side. 
The  Koenig  Wilhelm,  cliwl  with  2,800  tons, 
is  regarded  a  good  design.  To  add  7  feet 
to  her  height  of  armor,  a  foot  thick  all 
round,  would  increase  the  iiveight  only 
Bome  000  tons.  But  it  is  the  central  bat- 
tery only  that  requires  protection  for  this 
iKloitional  height,  and  a  battery  of  100  by 
50  feet,  mounting  8  of  the  lai'gest  guns,  in- 
creased 7  feet  in  height  and  a  foot  thiei  all 
round,  would  add  but  450  tons  weight  of 
armor.  The  riddling  of  the  unprotected 
high  sides  fore  and  aft  the  battery  w^ould 
be  no  serious  matter. 

Less  surface  presented  to  the  ememy's 
firo  is  an  advantivgo  claimed  for  the  turret 
rv^stem.  But  tun*ets  always  present  half 
their  diameter — a  well-denned  mark  Ad- 
mii'al  Dahlgren  reports  that  8  monitors 
were  hit  1,030  times  while  firing  3,587 
shot.  A  broadside  ship  may  be  laid  at  a 
considerable  angle  of  obUquity  to  the 
enemy's  lii*e.  The  port  holes  exposed,  and 
the  use  of  port-stoppers,  are  the  same  for 
both  systems. 

Another  claim  for  turrets  is  that  only 
in  them  can  the  heariest  gims  be  worlred. 
The  same  thing  was  said  once  of  the  12^- 
Um  gun,  now  worked  in  broadside.  The 
Duuderberg  works  18-ton  guns  in  brond- 
side,  AH  that  a  turntable  or  a  revohing 
turret  can  do  is  to  train  the  gun;  loading, 
elevation,  ru  aning  out  and  firing,  have  to  be 
done  by  the  same  means  in  both  cases. 
And  in  case  of  the  revolving  turret,  some 
125  tons  of  armor  has  to  be  revolved  as 
well  as  the  ^un. 

As  to  roUmg:  The  monitors  hare  their 
sido  armor  built  out  over  broad  shelves 
projecting  from  the  hull,  and  these  act 
like  bilge  keels,  or  reaUy»  and  more  effec- 
tually, as  side  keels.  These  are  equally 
[.applicable  to  broadside  ships,  and  would 
toflen  their  rolhng,  while  they  would  also 
bflBen  their  speed,  and  wo  are  not  to  for- 
get that  such  a  thing  as  a  fast  monitor 
never  floated.  Sido  proj tactions,  like  the 
**  guards"  or  extended  si>onBons  of  the 
American  coasting  steamers,  or  like  even 
the  paddle-boxes  and  sponsons  of  paddle 
Bteamers,  greatly  lessen  rolling. 

Again,  although  a  war  ship  should  be 
primarily  perfect  fighting  machine,  it  may 
never  have  a  chance  to  tight,  liut  it  must 
be  the  home  of  hundreds  of  officers  and 
men  for  years. 

The  ^eat  advantage  of  the  turret  ship 
— ^facihty  of  m;inoou\Te — may  be  to  a  con- 


siderable extent  obtained  in  the  broadside 
ship  by  the  use  of  twin  screws. 

But  why  not  adopt  Admiral  Halsted's 
plan  of  moimting,  say  a  couple  of  turrets 
on  a  broadside  ship  ?  The  side  plating  of 
a  26  feet  turret  7  feet  high,  and  made  of  15 
inches  sohd  iron,weighs  150  tons.  With  two 
of  the  heaviest  guns  now  in  use,  with  roof, 
central  spindle  revohing  gear,  and  turret 
engines,  the  weight  would  be,  say  300  tons. 
Two  such  turrets  would  thus  weigh  COO 
tons,  or  about  one-eighth  of  the  displaoe* 
ment  of  a  moderate-Hized  iron-clad^^ — -lest 
than  one-sixteenth  that  of  the  Northum- 
berland, Yet  consider  for  a  moment  what 
a  sliip  Ericsson  designed  and  built — ^the 
Dictator,  to  cany  but  2  guns  in  a  single  24 
feet  turret,!)  feet  high,  and  15  inches  thick. 
That  vessel  is  314  feet  long,  50  feet  beam, 
draws  21  feet  water,  has  a  tonnage  of  3,000, 
and,  with  no  masts,  a  displacement  of 
probably  5,000  tons.  The  engines,  with 
100-inch  cyHnders  and  4  feet  stroke,  ar€ 
to  work  up  to  4,500  indicated  horse  pow- 
er, and  the  boilei*8  have  far  more  grate 
area  and  heating  surface  than  any  vessel 
ia  the  English  navy.  Now,  when  so  much 
ill  the  way  of  hull  and  engine  power  is 
provided  in  order  to  mo\mt  a  single  turret 
weighing  in  all,  perhaps.  300  tons,  why  not 
carry  the  size  of  hull  just  far  enough  to 
secure  the  great  advantages  of  the  broad- 
side system;  and  then,  if  thought  best, 
retain  the  tuiTet  or  turrets,  placing  them 
just  above?  Masts  might  or  might  not 
be  retained;  but  such  a  ship  would  carry 
more  gun  power  for  its  weight  and  cost, 
and  be  more  powerful  for  destruction 
than  any  turret  ship  ever  designed  for  the 
same  speed  and  Qie  same  tJiickness  of 
armor. 

In  conclusion,  while  admitting  with  re- 
spect to  the  strictly  turret  ships,  all  the  ad- 
vantages they  really  possess,  it  is  impos- 
fiible  to  deny  that  they  should  never,  in 
the  forms  in  which  Ericsson  and  Coles 
have  made  them,  enter  into  the  navy  in 
an  If  other  capacity  than  m  ships /or  coad 
and  harbor  defence.  If  they  are  to  have 
high  freeboards,  and  to  !)e  masted  and 
rigged,  their  turrets  will  be  con*cspond- 
ingly  high,  and  will  thus  increase  the  un- 
steadiness in  a  seaway.  But  thus  improv- 
ed, they  would  take  a  much  better  poai- 
tion  in  a  comparison  with  broadside  shipa 
than  they  now  do,  and  there  would  be 
good  but  not  urgent  reasons  for  theii  in- 
corporation into  the  navy. 
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MARINE  ENGINE  DIPBOVEMENT. 

Oomplted  fhim  «  BDKlneerlng." 

The  marine  engine  in  its  present  most 
•dranced  form  is  a  splendid  triompli  of 
prftctical  science  and  mechanical  skill ; 
Datmost  middle-aged  engineers  can  re- 
member when,  nearly  30  years  ago,  they 
thought  the  same  of  the  clumsy  contriv- 
anoes,  now  long  since  obsolete,  which  then 
diumed  through  the  water,  driving  ugly 
hulls  at  8  knots  an  hour.  The  sim- 
I^est,  lightest,  and  most  economical  marine 
engine  of  A.  D.  1868,  is  still  a  complicat- 
ed, heavy,  costly  afikir,  which,  none  can 
deny,  needs  a  vast  deal  of  improvement, 
if  we  can  only  find  the  means  of  improv- 
ingit. 

The  theoretical  advantages  of  high  pres- 
sure steam,  even  up  to  500  pounds  or 
1,000  pounds  per  square  inch,  and  those 
of  extended  superheating,  and  of  the  ut- 
most permissible  degree  of  expansion, 
have  l^n  explained  and  insisted  upon  in 
innumerable  pages  of  mechanical  litera- 
ture; and,  stilL  more  ably  and  urgently, 
by  the  many  apostles  of  an  improved 
marine  engine  practice,  who  have  passed 
or  are  now  passing  away.  To  what  we 
may  attain  in  the  future,  none  can  now 
pretend  to  say;  but  while  it  is  undeniable 
that  the  principle  of  very  high  pressure 
superheated  steam,  with  high  piston  speed 
and  a  high  degree  of  expansion,  is  right, 
the  cleverest  engineers  have  only  ap- 
proached its  advantages  at  a  great  dis- 
tance in  practice.  No  engineer  need  be 
told  the  reasons  why,  for  they  are  known 
to  alL  At  sea  it  would  seem  that,  even 
with  surface  condensation,  we  are  never 
to  have  pressures  much  above  50  pounds, 
although  it  is  encouraging  to  hear  so 
clever  and  so  successful  a  marine  engineer 
as  Mr.  John  Elder,  of  Glasgow,  who  has 
succeeded  with  50  pounds,  expressing 
himself  confident  of  attaining,  with  the 
same  comparative  success,  a  pressure  very 
much  greater  yet.  It  is  encouraging  to 
find  other  engineers  doing  very  well  at  a 
six-fold  rate  of  expansion  of  30  pounds 
superheated  steam,  in  steam  jacketted 
cylinders,  and  encouraginnf  to  know  that 
Messrs.  Penn*s,  Messrs.  Maudslay's,  and 
Messra  Napier's  very  largest  engines, 
are  frequently  run  on  trial,  and  for  some 
hours  together,  at  a  piston  speed  of  from 
500  feet  to  600  feet  per  minute. 

The  whole  question  of  high  pressure, 


say  50  pounds  or  100  pounds  at  sea,  turns 
upon  that  of  surface  condensation;  and  it 
is  undeniable,  that  so  far  certain  difficul- 
ties attending  the  use  of  surface  condens- 
ers have  rendered  it  necessary  to  keep 
to  pressures  at  which  sea  water  might, 
upon  occasion,  be  employed  in  the  same 
boilers,  the  vacuum  being  then  maintained 
by  means  of  an  injection  condenser,  al- 
though the  air-pumps,  which  are  suffi- 
cienUy  large  for  a  surface  condenser,  are 
altogether  too  small  to  pump  out  injection 
water.  It  is  enough  to  say  that  whenever 
the  long  known  difficulties — such  as  the 
furring  of  the  condenser  tubes,  the  accu- 
mulation of  oil,  acidulated  or  otherwise, 
in  the  boilers,  or  the  corrosion  of  the 
boilers  themselves — ^are  once  and  finally 
overcome,  there  is  nothing  to  prevent  the 
regular  use  of  100  pound  or  150  poimd 
steam  pressure  at  sea,  any  more  than  in 
locomotives  upon  land. 

With  injection  condensers  only  a  given 
amount  of  water  is  required  for  conden- 
sation, and  to  give  more  only  needlessly 
lowers  the  temperature  of  the  feed  water, 
besides  throwing  additional  work  upon 
the  air-pump,  without  obtaining  any  real 
imprpvement  of  the  vacuum.  But  with 
a  surface  condenser  the  case  is  very  dif- 
ferent. With  a  moderate  quantity  of 
cooling  water  outside  the  tubes,  a  relative- 
ly large  amount  of  tubular  surface  is 
necessary,  inasmuch  as  the  temperature 
of  water  rises  so  rapidly  that  it  soon  be- 
comes nearly  ineffective  for  the  purposes 
of  condensation,  especially  if  the  water 
be  pumped  from  the  Gulf  Stream,  the 
Eed  Sea,  or  any  other  warm  source  of 
supply.  Some  engineers  maintain  that  it 
requires  about  as  much  cooling  surface  to 
get  the  heat  out  of  the  steam  as  it  re- 
quired of  heating  surface  to  get  it  in. 
The  usual  proportion  of  the  former  to  the 
latter  is  about  as  2  to  3  or  3  to  4.  In  any 
case  the  quantities  to  be  dealt  with  are 
large.  A  pair  of  engines  working  to, 
say  2,000  indicated  horse  power,  would, 
in  moderately  fair  practice,  require  every 
hour  the  quantity  of  steam  that  would  be 
evaported  from  900  cubic  feet  of  water, 
or  15  cubic  feet  per  minute.  To  condense 
this  by  injection,  with  the  water  at  about 
60®,  would  require  350  cubic  feet,  or  10 
tons  of  water  per  minute.  This  would 
flow  in  from  the  sea;  but  its  momentum 
being  extinguished  in  the  rose  of  the  in- 
jection pipe,  it  would  require  to  be  lifted 
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out  again  to  the  sea  level,  perhaps  10 
feet  or  15  feet,  or  even  moro;  the  work, 
exolaaiTe  of  aU  losses,  from  friction,  etc., 
thus  amounting  to  from  7  to  11  or  12 
hoTBe  power.  Were  the  same  quantity  of 
water  pumj^ed  through  a  surface  condeus* 
er»  there  would  be  no  losB  of  power 
(disregarding  that  from  friction,  bends, 
etc. )  beyond  that  due  to  the  head  which 
would  mamtain  the  required  rate  of  flow. 
If  tlie  350  cubic  feet  per  minute,  or  say 
G  cubic  feet  jjcr  second,  were  to  be  passed 
through  a  net  waterway  of  even  1  square 
foot,  it  would  move  at  the  rate  of  but  tJ 
lineal  feet  per  second,  corresponding 
practically  to  a  head  of  rather  more  than 
one  foot.  But  much  more  tUan  the  or- 
dinary amount  of  injection  water  is  re- 
quired with  surface  condensers.  Yet  on 
ship  board,  with  the  surface  condenser 
10  feet  or  15  feet  below  the  water  line, 
10  or  15  times  the  ordinary  amoimt 
of  injection  water  may  be  sent  tltrough 
without  any  real  loss  of  power  as  eom- 
pai*ed  with  lifting  out  the  injection  water 
by  tbe  air-pump.  In  dealing  with,  say 
9.500  cubic  feet  of  water  per  minuta 
(100  tons,  or  nearly  22,000  gallons  of  sea 
water),  only  centrifugal  i>umps  woidd  be 
recknuod  admisjiible.  Ko  such  large 
ij  I  M  required  in  the  ca,se  we  have 

fill,  -  nor  could  any  surface  condens- 

er adapted  to  engines  of  2,000  indicated 
horse  power  well  pass  such  a  quantity- 
unl€>a<»  the  water  ways  between  the  tubes 
w<tre  needlessly  Itirge.  Yet  it  is  as  well  to 
remember  the  advantage  which  a  large 
volume  of  condensing  water  affords,  viz-, 
that  it  renders  a  leas  extent  of  condens- 
ittg  mirfaeo  necessary.  The  more  water 
the  less  9Ui*face,  the  less  total  bulk  of  con- 
dt^sntr,  and  the  less  cost 

Could  mm  ine  c>ngine8  b&  run  twice  as 

fast,  ihvy  V  quire  to  be  but  half  aa 

l*eavTi\     '1  not  run  them  faster  ? 

Ijecmise  tlu^y  HxnjJd  wear  out  two  rapidly; 

the  rubbing-  s-Tirfaees  might  heat>  in  spite 

ot  nil  '  i,>u — eeize^  and  all  woidtl  go 

to  win  rher*     This  is  exactly  what 

iraald  have  been  said,  20  years  or  so  a^o, 

of  an  attempt  to  run  short  stroke  (4  feet) 

[  MSrow  engines  at  60  revolutions  per  min* 

l*enn*8  engines  of  that  stroke, 

'Tophon,  have  been  ran  at  75 

^    and  GO  iar  from    breaking' 

down  aro  as  oood  aa  new.    Mr.  Stirling's 

^IL^'tES"  looomotivea,  which  we  iUos- 

unatoci  mm  woeik^  nioning  at  45  nulas  an 
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hour,  measure  off  720  feet  of  piston  per 
minute  by  the  hour,  and  give  no  trouble* 
And  were  railways  safe  at  still  higher 
speeds,  say  GO  miles  continuously,  these 
engines  would  as  easily  (as  they  often 
now  do  for  a  few  minutes)  Ineasure  off 
from  960  feet  to  1,000  feet  per  minute,  by 
the  hour  together.  Why  should  not 
marine  engines  do  the  same  ?  Is  it  that 
there  is  not  room  for  a  5-feet  stroke,  with 
a  10-feet  connecting  rod,  and  that  lOU 
revolutions  per  minute  are  not  requh^ 
for  the  screw  *?  If  these  are  not  the  rea» 
sons  what  are  they?  It  is  certjiin  that 
when  we  give  up  cast-iron  pistons,  of 
heaven  knows  how  many  tons'  weight, 
when  we  employ  hollow  steel  piston  rods, 
when  we  abandon  the  ugly  round  con- 
necting rods  and  adopt  steel,  channelled 
at  the  sides,  thus  I  (or,  if  made  to  work 
through  water,  upon  wood  bearings  aa 
hereinafter  suggested,  they  may  be  made 
of  double  edged  sword  section),  when  we 
adopt  steel  cross  heads  and  bore  out  the 
axis  of  the  crank  pins  and  throws^  we 
shall  be  enabled  to  run  much  quicker 
without  jar  or  danger  of  heating.  Light- 
ness, good  workmanship,  and  large  l>ear- 
ing  surfaces  are  aU  that  is  required  to 
permit  of  the  highest  speeds. 

"Wliy  shoidd  the  stern  bearing  hare  the 
whole  benefit  of  wooil  linings,  the  inven- 
tion of  which  raised  the  screw  engine 
and  screw  propeller  from  the  depths  of 
doubtful  expediency  to  the  summit  of  snc- 
cess?  Silver  linings — even  they  may  be 
said  to  have  been  to  the  dark  doud 
which  for  so  many  years  hun^  over  the 
cause  of  screw  propidsion.  All  the  ©crew 
shaft  bearings,  including  the  thrust  bear- 
ing, might  be  packed  like  the  stern  tube, 
with  li^numvitPB,  and  they,  with  the  shaft, 
might  be  enclosed  in  a  plate  iron  trunk 
tilled  with  water  for  2  or  3  inches  all 
around  the  shaft,  and  thus  the  bearings 
might  go  for  months,  if  not  for  years, 
without  being  onoe  looked  at,  and  with- 
out the  possibilify  of  heating.  And  even 
the  main  bearings  and  eccentric  hoopa 
might  be  wood  lined  and  worked  in 
water. 

As  to  the  practice  of  Tarions  countries^ 
"  Engineering"  concludes  that  the  Pariaex- 
position  contained  no  better  designed  or 
better  built  marine  engines  than  those  bj 
English  builders,  and  inatanoes  an  engine 
by  Venn,  weighing  only  75  tons,  but  capa^ 
ble  oi  %1Q0  indicated  horse  power;  alaa 
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that  some  of  the  French  designed  engines 
of  the  Compagnie  G^erale  Transatlan- 
tiqne,  mnning  to  New  York,  had  to  be  re- 
moved  from  the  ships.  It  speaks  well 
of  the  American  hesaa  engine  for  com- 
mercial purposes,  on  inland  and  outside 
waters.  This  type  is  of  course  unsuited 
to  war  service.  It  hopes  that  we  Ameri- 
cans may  long  enjoy  the  monopoly  of 
Mr.  Isherwood's  types  of  naval  engines. 

There  is  very  little  hope  of  improve- 
ment^ this  authority  furtner  concludes, 
from  the  use  of  the  water  jet  propeller, 
or  from  the  employment  of  liqmd  fuel  at 
its  present  price. 


MEMKNS'  NEW  PPDDLrNG  PB0CES3  AND 
PLANT. 

FACTS  A2n>  THEOBIEB. 

OoDdmsed  firom  Mr.  Ptemess'  paper  before  the  British  Abso- 
ciiUon,  thf*  rttocnmfcm,  and  Uie  oommonts  of  the  pross. 

Mr.  SiEBCENS  set  out  with  the  state- 
ment 'that  the  present  process  of  pud- 
dling was  very  defective,  involving  great 
loss  of  metal,  waste  of  fuel,  and  of  human 
labor,  and  an  imperfect  separation  of  the 
two  hurtful  ingredients,  sulphur  and 
phosphorus. 

The  molten  pig  iron  in  a  puddling  fur- 
nace is  intimately  mixed  with  the  cinder 
formed  in  the  furnace;  the  silicon  is  first 
separated  from  the  iron;  the  carbon  only 
leaves  it  during  the  later  period  of  ebul- 
htion,  and  the  sulphur  and  phosphorus 
separate  last,  while  the  metal  is  coming 
to  nature.  This  much  may  be  considered 
proved  by  analysis. 

The  OLD  Theory  of  puddling  adopted 
almortt  without  investigation  is  plausible 
enough  at  first  sight,  and  is  thus  stated: 
The  pig  iron  when  melted  in  the  air  fur- 
nace, being  brought  in  contact  with  the 
air  in  its  entire  mass  by  mechanical  stir- 
ring, undergoes  an  oxidizing  process  ana- 
logous to  that  which  takes  place  in  the 
Bessemer  converter,  the  oxygen  of  the 
atr  taking  away  the  silicon,  carbon,  and 
other  impurities  one  after  the  other  in 
proper  succession.  The  iron  ore  used  for 
felting  (American,  "fixing")  combines 
with  the  silica  formed  by  the  oxidation  of 
the  silicon  in  the  pig  iron,  and  forms  the 
paddling  furnace  cinder,  which  is  charged 
moreover  with  different  combinations  of 
the  phosphorus  and  sulphur  originally 
contained  in  the  pig  iron. 


Mr.  Siemens'  theobt  is  that  the  pig  iron, 
when  molten  in  the  puddling  furnace  and 
kept  in  contact  witn  the  fettling  (which 
latter  may  be  considered  to  consist  of 
nothing  but  iron  and  oxygen)  requires  no 
oxygen  from  the  air  for  being  converted 
into  wrought-iron.  All  that  is  required 
for  its  decarburization  and  desiUcatiza- 
tion  is  an  intimate  contact  of  all  the  par- 
ticles of  iron  with  the  hquid  cinder  formed 
from  the  fettling  at  a  nigh  temperature. 
The  oxide  of  iron  will  then  be  decomposed 
by  the  sihcon  and  by  the  carbon  existing 
in  the  pig  iron,  and  a  large  proportion  of 
iron  will  in  this  manner  be  reduced  from 
the  ore. 

Mr.  Siemens  goes  a  step  further,  and 
proves  by  the  evidences  of  all  the  phe- 
nomena connected  with  the  puddling  pro- 
cess in  an  ordinary  furnace,  that  even  in 
presence  of  an  oxidizing  flame,  the  oxygen 
for  decarburization  is  taken  principally 
from  the  ore,  and  not  from  tiie  atmos- 
phere of  the  furnace. 

Mr.  Siemens'  chemical  reasoning  is  as 
follows  :  Silicon. — ^In  forming  (by  the 
rabble)  an  intimate  mechanical  mixture 
between  the  fluid  cast  metal  and  the  cin- 
der, the  silicon  in  the  iron  is  brought  into 
intimate  contact  with  metallic  oxide ;  being 
found  afterwards  in  the  form  of  silicic 
acid  (combined  with  oxide  of  iron),  it 
follows  that  it  must  have  reduced  its 
equivalent  of  iron  from  the  cinder  to  the 
metallic  state. 

Carbon. — The  disappearance  of  the  car- 
bon is  accompanied  by  violent  ebullition, 
and  the  appearance  of  carbonic  oxide. 
The  appearance  of  the  process  proves 
that  the  combination  of  the  carbon  and 
oxygen  docs  not  take  place  on  the  sur- 
face, but  throughout  the  body  of  the  iron. 
Mr.  Siemens  has  also  observed  that  no 
oxidation  of  fluid  cast-steel  melted  on  the 
open  flame  bed  of  a  furnace,  takes  place 
as  long  as  it  contains  a  particle  of  carbon. 
Hence  he  concludes  (by  rather  a  long 
jump,  we  think)  that  the  oxidizing  action 
of  the  flame  in  a  puddling  furnace  com- 
mences only  after  the  malleable  iron  is 
formed,  and  hence  the  oxygen  of  the 
atmosphere  of  the  furnace  did  not  remove 
the  carbon  and  sihcon. 

As  to  loss  in  the  process,  Mr.  Siemens 
gives  a  calculation,  the  result  of  which  is 
that  assuming  the  pig  to  contain  3  per 
cent,  of  carbon  and  3  per  cent  of  sihcon, 
10.5  per  cent  of  metaUic  iron  should  be 
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added  to  tho  bath  from  removing  the  car- 
bon, and  8.4  per  cent  from  removing  the 
silicon,  =  12. U  per  cent,  or  474  pounds  of 
wroughi-iron  from  a  charge  of  420  pounds 
of  pig,  whereas  the  actual  yield  is  370 
pounds  or  12  per  cent  loss.  He  makes 
another  calculation  to  show  that  74  x)ound8 
of  cinder  are  necessary  to  produce  this 
54  pounds  of  reduced  iron,  and  says  that 
this  amount  of  cinder  is  considerably  ex- 
ceeded in  practice.  He  quotes  Dr.  Percy 
as  to  the  removal  cf  phosphorus  and  sul- 

!)hur  (which  are  insufficient  to  affect  the 
oregoing  quantitative  results,  however 
they  may  affect  qua/it y)  viz.,  that  tho  crys- 
tals of  metallic  iron  as  they  form  through- 
out the  boiling  mass,  exclude  foreign  sub- 
stunccm  just  as  water  docs  in  freezing — 
suit  water  forming  ice  that  yields  sweet 
water  upon  remelting. 

OiMEUjTioNS  TO  THE  Theort. — As  to  the 
renir)val  of  carbon,  by  tho  cinder  alone, 
ratlier  than  by  the  aid  of  tho  oxidizing 
riaiue,  Mr.  Siemens  only  presents  a  theory; 
if  he  lias  facts,  he  has  unfortunately  neg- 
lecrtcd  to  mention  them;  ho  docs  not  say 
whetlK^r  he  used  an  oxidizing  or  a  neutral 
flame  in  his  practice.  It  is  universally 
admitted  that  during  tho  earlier  period  of 
the  process,  the  j>resenco  of  free  oxygen 
is  an  advantage;  it  stimulates  and  facili- 
tates the  proi^ess,  and  entails  no  dtinger 
of  oxidizing  or  burning  the  iron  itself. 
The  excellent  results  of  tho  Kichardson 
process  of  puddling — the  tubular  rabble 
to  supply  air,  certainly  shi>w  a  decided 
action  resulting  from  the  atmot^j^here  of 
the  furnace. 

As  to  the  theory  of  removing  silicon 
without  the  aid  of  an  oxidizing  flame,  it  is 
objecteil  '.in  *' Engineering")  as  follows: 

The  analysi's  of  a  imddling  furnace 
chargt*  ill  its  various  stages  (if  j^rogress 
sliow  that  the  silicium  is  n»moved  at  the 
earliest  stage,  and  tliat  it  disappears 
slowly  and  gradually  during  the  process 
of  nu^lting  and  stirring,  and  before  the 
fHminieiicement  of  tho  "boil."  At  that 
perioil  the  fettling  is  not  mrfted^  nor  can 
it  melt  until  it  is  cimverted  into  a  silicate 
by  tilt*  eonibiuation  of  the  oxide  of  iron 
with  the  silica  formed  from  the  silicium 
in  tho  bath.  Silioium  can  take  oxygt^n 
even  from  a  neutral  flame  by  dt^iHmijH^- 
ing  tho  carbonic  acid  of  the  flame,  but 
we  have  no  evidence  of  its  capability  of 
reducing  oxide  of  iron  when  m  ci>ntact 
with  it  at  a  high  temi>erature.    On  the 


contrary ,  it  is  Imown  thai  a  baili  of  pig  iron 
when  kept  in  contact  at  a  lugii  tempera- 
ture with  a  slag  of  idliratipR^  vili  rranM 
silicium  from  that  slag  mX  the  cspenae  of 
the  carbon  contained  in  tine  hqjoad  pig 
iron.  This  property,  too,  is  the  canae  d 
the  difficulty  which  exists  in  tlie  pfoddDiDg 
process,  and  also  in  the  BeaBemer  procen 
to  remove  all  silicon  from  tlie  pig  iron 
when  tlie  latter  contains  a  Teiy  Id^ 
percentage  of  that  substance. 

In  reply  to  this  Mr.  Siemens  states 
("Engineering,"  October  2)  the  results 
of  experiments  showing  that  no  silioon  is 
taken  up  by  the  fluid  cast  metal  in  con- 
tact with  siuca  or  silicates.  He  cfaaiged 
10  cwt.  of  Acadian  pig  metal  and  1  cwt 
broken  glass  upon  the  bed  of  a  regeneia- 
tive  gas  furnace  (usually  employed  tor 
melting  steel  upon  the  open  hearth  ).  The 
bed  of  this  furnace  was  formed  of  pure 
silicious  sand.  The  iron  contained  silicon 
1.5  per  cent,  carbon  4  per  cent  Ana- 
lyses were  made  at  the  end  of  each  hour, 
the  silicon  gradually  decreasing.  The  re- 
duction of  the  silicon  might  be  accounted 
for  by  the  presence  of  minute  qnantitiefl 
of  oxides  of  iron  produced  in  melting  the 
pig  metal,  which  oxides  were  now  in- 
creased by  the  addition  of  hematite  ore  in 
small  doses.  At  the  end  of  the  fifth  hour 
the  samples  taken  from  the  fluid  bath  as- 
sumed a  decidedly  mild  temper ;  when 
the  addition  of  ore  was  stopped,  and  ex- 
actly C  hours  after  being  charged,  the 
metal  was  tapped  and  run  into  ingots ;  it 
now  contained  silicon  .046  per  cent,  car- 
bon .25  per  cent.  Thus  both  the  sOicon 
and  carbon  had  been  almost  entirely  re- 
moved from  the  pig  metal  by  mere  con- 
tact with  metallic  oxide  under  a  protect- 
ing glass  covering.  The  quantity  of  red 
ore  added  to  the  Imth  amounted  to  2  cwt, 
and  the  weight  of  metal  tapped  to  10  cwt 
5  poimds,  being  slightly  in  excess  of  the 
weight  of  pig  metal  charged. 

AVe  consider  it  probable  that  the  advan- 
tage of  Mr.  Siemens*  practice  over  the 
old  practice  is  that  it  is  performed  in  his 
gas  furnaces  in  which  the  flame  is  abso- 
lutely under  control,  and  that  at  the  close 
of  the  process  it  can  be  made  an  abso- 
lutely neutral  flame,  instead  of  a  partly  or 
acoiiioutally  oxidizing  flame  to  Dom*  up 
the  iron. 

Mr.  Siiaraxs'  xew  Practice  is  remark- 
able,   however    undeveloped    or    inade- 
iquately  explained  bis  theories  may  be. 
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Daring  18  months'  working  of  a  pud- 
dling furnace  at  the  Bolton  Steel  and 
Iron  Works,  he  has  sacceeded  in  making 
the  yield  of  paddled  iron  in  many  cases 
folly  eqoal  to  the  weight  of  pig  iron 
charged  into  the  famace.  With  regard 
to  the  economy  of  material,  experience 
had  proved  that  an  ordinary  furnace  re- 
oeiTing  charges  of  484  x)ounds,  yielding 
an  average  of  426  pounds,  represents  a 
loss  of  12  per  cent ;  whereas  his  furnace 
receired  charges  averaging  428  pounds, 
and  yielded  413  pounds,  representing  a 
loss  of  3.5  per  cent  It  was  important  to 
observe,  moreover,  that  his  famace  turned 
oat  18  heats  in  3  shifts,  in  24  hours, 
instead  of  only  12  heats  in  24  hours, 
which  was  the  limit  of  production  in  the 
ordinary  furnace.  The  quality  of  the  iron 
produced  from  his  famace  was  also  de- 
cidedly superior  to  that  from  the  ordi- 
nary fumaoe.  Beyond  these  consider- 
ations the  consumption  of  fael  was  also 
greatly  in  favor  of  his  famace,  estimated 
at  25  per  cent 

The  consumption  of  the  fettling  was 
greater  in  the  gas  furnaces,  and  the 
superior  yield  was  naturally  attributed 
by  forge  managers  to  that  cause.  But 
the  subsequent  introduction  of  water 
bridges  reduced  the  amount  of  fettling  to 
an  ordinary  proportion,  and  experiments 
then  proved  that  the  use  of  his  furnace 
gave  an  average  yield  of  fully  12  per  cent 
above  the  ordinary  furnace,  while  the 
iron  was  of  better  quality. 

The  Siemens'  Furnace  consists  of  a 
puddling  chamber  of  very  nearly  the  or- 
dinary form,  which,  however,  is  heated  by 
means  of  a  regenerative  gas  furnace,  the 
principle  of  which  is  well  established. 
The  advantages  of  this  furnace  for  pud- 
dling are,  that  the  heat  can  be  raised  to 
an  almost  unlimited  degree;  that  the 
flame  can  be  made  at  will  oxidizing,  neu- 
tral, or  reducing,  without  interfering  with 
the  temperature;  that  in-draughts  of  air 
and  cutting  flames  are  avoided,  and  that 
the  gas  fuel  is  free  from  pyrites  and 
other  impurities  which  are  carried  into 
the  puddling  chamber  from  an  ordinary 
grate.  In  this  respect  the  new  furnace 
presents  the  same  advantages  as  puddling 
with  charcoaL 

The  Siemens' furnace  enables  us  to  per- 
form the  operation  of  puddling  with  the 
following  a<l vantages :  We  commence  the 
charge  with  a  hot  clear  flame,  which  is 


kept  up  until  the  charge  is  quite  liquid  and 
raised  to  a  very  high  temperature;  at  that 
moment  we  shut  off  the  supply  of  gas  al- 
together, drawing  into  the  furnace  noth- 
ing but  pure  atmospheric  air,  intensely 
heated  by  its  passage  through  the  regener- 
ators. This  is  an  "oxidizmg  flame  par 
excellence '*  and  its  action  upon  the  bath, 
when  assisted  by  stirring  the  liquid  mass 
with  the  rabble,  must  be  rapid  and  effec- 
tive. The  next  change  must  be  effected 
when  the  Hquid  mass  begins  to  rise  in  the 
furnace.  The  gas  inlet  must  then  be 
opened  to  its  full  width,  and  a  flame  over- 
charged with  gas  must  be  maintained  to 
the  end  of  the  operation. 

Cost  op  Furnaces. — ^It  was  stated  that 
a  pair  of  Siemens'  furnaces  cost  about 
i^50,  which  was  rather  more  than  the 
cost  of  a  pair  of  ordinary  ones;  but  the 
gas  furnaces  would  make  one-third  more 
iron,  which  was  equivalent  to  one-third 
of  the  cost,  and  the  saving  in  iron  and 
coal  would  more  than  pay  the  expense  of 
the  furnace  in  one  year. 


FARMING   MACmNEKY. 

The  improvement  of  the  portable  steam 
engine,  no  less  than  of  the  locomotive 
steam  engine,  to  meet  the  demands  of 
agriculture,  is  one  of  the  most  important 
problems  of  the  day.  There  are  already 
in  England  stationary  engines  of  100  in- 
dicated horse  power,  employed  to  drag 
gangs  of  ploughs.  The  application  of  steam 
to  the  other  operations  of  agriculture  is 
almost  equally  important.  "Engineer- 
ing "  says :  When  all  the  advantages  of 
steam  are  fully  understood  by  farmers  we 
may  expect  to  see  it  applied  on  thousands 
of  farms  where,  thus  mr,  it  has  never  been 
seen.  It  will  be  employed  to  mix  clay 
and  sandy  soils,  assimilating  the  texture 
of  hiU  top  lands  to  that  of  those  in  the 
valleys.  It  will  be  employed  to  pump 
farm  and  other  sewage  to  where  it  ought 
to  be  pumped  for  irrigation,  for  sheep 
washing,  for  stone  breaking,  and  in  many 
other  ways.  The  worthy  steam  farmer 
will  be  a  sort  of  factory  owner  and  en- 
gineer-in-chief, and  many  of  his  men  will 
be  mechanics,  engine  drivers,  and  stokers. 
The  great  farms  will  be  almost  in  a  single 
field,  levelled  where  possible  almost  like  a 
drawing  table.  The  steam  farming  (not 
barnyard)  engine  can  equally  draw  a 
plough,  a  cultivator,  a  barrow,  a  seed  drill, 
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or  a  drain  plough,  and  it  is  not  clear  why 
it  rfioidd  not  also  draw  a  reaping  or  mow- 
ing macliine,  pro\'ided  it  was  made  suffi- 
ciently wide  to  render  the  apjjh cation  of 
Bteam  profitable. 

There  are  no  less  than  300  steam  ploughs 
and  cultivating  sets  now  used  in  England. 
•*  Engineering  *'  estimates  that  they  have 
broken  up  and  pidverized  from  once  to 
6  or  8  times,  at  least  htdf  a  million 
acres  (possibly  much  more,  for  it  is  ex- 
ceedingly difficult  to  form  any  accurate 
estimate),  and  that  in  a  manner  never  be- 
fore  known  since  ploughs  were  invented. 
There  are  now  ploughing  engines  capable 
of  exerting  100  indicated  horso  power, 
und  capable  of  putting  a  draught  of  3  or 
4  tons  upon  an  implement  at  a  rate  vary- 
ing between  3  and  4  miles  an  hour.  With 
such  power  any  depth  can  be  reached, 
and  as  the  disintegrating  power  i^,  by  a 
well-established  mechanical  law,  as  the 
siiuaro  of  the  velocity,  the  sod  is  broken 
with  4  times  the  mechanical  effect  at 
4  miles  an  hour,  aa  in  the  caso  of  a 
horse-drawn  plough  at  two  miles. 

The  committees  of  the  Koyid  Agricid- 
tnind  Sociely  on  steam  cultivation,  pub- 
lished in  18G7,  after  exiiminuig  some  200 
steam- tilled  farms,  report  that  **  A  cidture 
deeper  than  it  is  j)Ossible  for  horses  to 
effect,  works  a  highly  beneficial  change  in 
the  texture  of  tlie  soil,  imparts  additional 
efficiency  to  drainago  works,  augments  the 
valuo  of  the  manure  apphed,  b;ings  into 
operation  certain  latent  properties  of  the 
Boil,  which  much  increases  its  fertihty;  it 
also  fits  land,  fonnerly  unfit,  for  the  growth 
of  turnips,  allows  of  their  being  fed  off  by 
le  operations  of  the  field  are  econ- 
and  tlie  growth  of  all  crops  is 
SLimuUted/**    At  the  time  of  their  report 
tillage  was   considerably  cheaper 
horse  tillage.  Now,  the  steam  plough- 
engine,  rope,  and  other  tackle,  and 
;0  attiiched  implements,  have  been  very 
Uch     improved,    and    the    comparison 
ould  hii  still  m<>re  in  favor  of  steam. 
-But  the  greatest  gain  ia  in  the  improved 
ops  due  to  thorough  tillage,  and  this 
-y  amount  to  an  extra  quarter  of  wheat  i 
aero,   on  extra  3  or  4  tons  of  tur-  | 
or  something  equivalent,   and    in  i 
o-y  the  average  crop  mav  be  inereas-  I 
Wbly  to  the  extent  of  jClO.OOO.OOa  I 
M^nro   many  recorded   instances  of 
-^lou^hed    fields    yieLliag    2     or  ; 
^'O    quarters  of  wheat  per  acre  more 


than  fields  of  the  same  character  of  soU] 
alongside,  but  cidtivated  by  horses. 

Al chough  there  is  probably  no  morel 
efficient  and  economical  power  than  steam.! 
for  large  operation^  the  eubatitution  tot  I 
"  one  horse  "  operations  of  eome  safer  and  | 
more  cheaply  managed  power  than  steam,  I 
aa  at  present  generated  and  nsed^  shouldl 
merit  the  serious  consideration  of  the  pro-* 
feasiom 

The  "  American  Artisan'*  BUggesU  also     i 
the  following  important  problems  for  agri-^^ 
cultural  engineers:  The  development  ofS 
compound  machinea  for  preparing,  by  dif- 
ferent changes  of  parta,  the  food  for  ani- 
mals, whether  of  grain  or  stalk  or  root; 
for  disintegrating  and  preparing  refuse 
mineral  and  vegetable  substances  for  fer- 
tilizing purposes;  for  cleaning  fielda  fromj 
stones;   for  the  rapid  and  efficient  con- 
struction of  drains,  and  for  many  othef^ 
purposes  which  would  be  developed  iaj 
time,  but  can  hardly  be  now  foreseen. 


THE    Evil    of    ELvsty    TVritino.— Th« 
"  Round  Table"  commences  a  timely  ar 
tide  on  this  subject  with  the  remark  th; 
Ajneric4in  journalists  write  too  much,  ani 
states  that  thele^ider  writers  for  the  "  Ijon- 
don  Times' *  fmoiish  but  one  to  thre« 
per  week.  Such  articles  are  well  •] 
and  worth  more  than  all  the  pages  wi ittcn 
"against  time."     If  hasty  journalism  is  a 
defect  in  polite  and  political  ht'eratorei 
how  much  graver  tho  defect  in  scientiflo 
hterature.  Technical  articles,  of  all  others, 
should   be  highly  matured;  when   loose 
and  hasty,  and  especially  when  spun  out^ 
to  fill  so  much  space,  they  are  too  long  t4>^ 
be  read — practitioners  caimot  afford  th^J 
time — find  they  are  likely  to  be  incomplete 
and  inconclusive. 

But,  notwithstanding  the  vast  increase 
of  trashy  writing,  seciUar  and  scientific, 
there  is  a  growing  taste  for  higher  literary 
excellence  in  the  one  department,  and 
growing  and  acknowledged  want  of  more 
learning  as  well  as  a  better  style  in  the 
other.     This  taste  and  want  exlnbit  them< 
selves  in  the  form  of  patf.     The  bette; 
class  of  readers  are  making  it  an  objed 
for  the  better  rlass  of  writers  to  contrib] 
to  periodieal  literature. 
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THE  Atlaktio  Works,  East  Boston,  are 
building  several   iron   steamers   and 
their  engines,  and  employ  350  bA^flB. 
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BGBBEB  HRES  F0BHI6HWAY  LOCOMOTIVES. 

QemgSkiA  ttom  Acooonti  In  the  Laodoa  and  Edinborgh  PrvBS. 

Mr.  R  W.  Thomson's  road  steamer,  re- 
cently tried  about  Edinburgh,  has  given 
a  new  start  to  highway  steam  locomotion. 
The  improvement  consists  in  the  use  of 
thick  tyres  of  India  rubber,  which  are  said 
to  make  all  roads  good  roads,  and  thus  to 
overcome  the  ^rand  obstacle  to  this  other- 
wise most  useful  and  economical  means  of 
transportation. 

After  trying  a  smaller  locomotive  with 
success,  Mr.  Thomson  built  one  o£  8 
tons  weight,  having  a  vertical  boiler,  and 
•tanding  on  two  geared  driving  and  two 
steering  wheels. 

The  driving  fyres  are  made  of  bands  of 
Tulcanized  India  rubber  15  inches  wide 
and  5  inches  thick.  This  soft  and  elastic 
substance  carries  the  great  weight  of  the 
locomotive,  without  injury,  over  newly 
broken  road-ballast,  broken  flints,  and  aU 
kinds  of  sharp  things,  without  even  leav- 
ing a  mark  on  the  India  rubber.  It  does 
not  sink  into  the  road  in  the  least  degree. 
It  passed  over  the  stones  lying  on  the  sur- 
£a<^  and  even  over  potatoes  and  carrots, 
purposely  laid  in  its  path,  without  crush- 
mg  them.  It  resembles  in  some  degree 
the  feet  of  an  elephant.  As  remarked  by 
Professor  Archer,  in  his  paper  before  the 
British  Association,  both  the  camel  and 
elephant  have  very  lar^e  soft  cushions  in 
bard  hoofs,  and  no  other  animals  can 
stand  so  much  walking  over  hard  roads. 

The  power  required  to  propel  the  loco- 
motive is  very  much  less  than  what  would 
be  required  if  the  tyres  were  hard  and 
ri^d-  They  do  not  crush  nor  sink  into 
the  roadway.  The  machine,  as  it  were, 
floats  along  on  the  India  rubber,  and  all 
the  power  used  in  crushing  and  grindinpf 
the  stones  imder  rigid  tyres  is  entirely 
savecL  It  might  at  first  sight  be  supposed 
that  it  would  take  a  great  deal  of  power 
to  propel  a  heavy  carriage  on  soft  tyres; 
but  if  the  tyres  are  elastic  as  well  as  soft, 
the  power  used  in  compressing  them  in 
front  of  the  wheel  is  nearly  all  given  back 
as  the  elastic  medium  expands  behind  the 
wheeL  In  fact,  the  India  rubber  tyres  re- 
quire scarcely  any  more  power  to  propel 
them  over  soft,  bad  roads,  or  over  loose 
gravel  roads,  than  on  the  best  paved 
streeta 

On  a  soft  grass  field,  in  which  an  ordi- 
nary steam  carriage  would  have  sunk,  the 


rubber  tyres  were  run  without  even  leav- 
ing a  track.  On  a  field  which  had  just 
been  covered  with  loose  earth  to  the  depth 
of  1  or  2  feet,  they  ran  straight  across 
and  back,  without  difficulty,  and  com- 
pressed the  earth  so  httle  that  a  walking 
stick  could  easily  be  pushed  down  in  the 
track  of  the  wheels. 

When  riding  on  the  road  steamer  the 
feeling  is  like  what  would  be  experienced 
in  driving  over  a  smooth  grass  lawn. 
There  is  ju)solutely  no  jarring.  Thus  the 
machinery  is  spared  the  severe  trials  aris- 
ing from  the  blows  and  jolts  to  which  it 
is  subjected  when  mounted  on  common 
wheels. 

There  is,  incredible  as  it  may  appear^ 
no  indication  of  wear  on  the  India  rubber 
tyres.  The  original  surface  which  the 
rubber  had  when  it  left  the  manufactory 
is  still  visible. 

The  tractive  powers  of  the'machine  have 
surpassed  all  expectation.  It  was  con- 
structed to  drag  an  omnibus,  weighing, 
with  its  load  of  say  30  passengers,  about 
4  tons,  on  a  level  road,  but  its  capacity  is 
so  greatly  in  excess  of  this  task,  that  no 
loard  placed  behind  it  has  fully  tested 
its  power.  On  a  road  so  shppery  from 
frost  that  horses  had  the  greatest  diffi- 
culty in  keeping  on  their  legs,  no  difficulty 
was  found  in  going  over  the  glazed  sur- 
face by  the  India  rubber  wheels,  with  a 
load  of  13  tons  (a  large  boiler  on  a  truck) 
on  an  incline  of  1  in  12. 

On  one  occasion,  the  locomotive  drew 
a  coal  train,  in  all  90  feet  long,  consisting 
of  4  wagons,  weighing,  loaded,  32  tons, 
8  miles,  over  grades  of  1  in  16. 

The  steering  of  the  locomotive  while 
hauling  the  coal  train  in  the  crowded 
streets  of  Edinburgh,  and  around  sharp 
corners,  was  very  successful  The  lino  of 
streets  through  which  it  passed  are  al- 
ways the  most  crowded  in  the  city,  but  at 
the  time  the  train  passed  thi*ough  these 
thoroughfares  there  happened  to  be  an 
imusually  great  current  of  traffic  passing 
in  a  contrary  direction  to  where  some 
games  were  going  on,  which  gave  rise  to 
a  great  stream  of  omnibuses,  cabs,  and 
conveyances  of  every  description,  in  addi- 
tion to  a  great  crowd  of  pedestrians.  Not- 
withstanding all  these  obstacles,  aggrava- 
ted by  the  streets  being  at  some  points 
under  repair  and  closed  for  one-half  of 
their  width,  no  difficulty  was  experienced 
in  steering  clear  of  every  impediment 


VAN  NOSTBAND*S  ENGINEERING  MAGAZINE. 


43 


THIRTY-FEET  Fak— Impkoved  Con- 
BTRUcnoN. — The  centrifugal  ventilatiiig 
tan  of  M.  Gkiibal,  a  Belgian  engineer,  has 
giyen  good  results  lifter  a  prolonged  trial 
in  the  mines  of  the  continent,  and  is  now 
introduced  in  England  It  had  previously 
been  thought  advantageous  to  allow  the 
air  to  escape  from  the  vanes  of  an  ex- 
hausting fan  as  freely  as  possible — Whence 
the  univeral  system  of  discharging  round 
the  whole  circumference.  After  much 
careful  study  M.  Ouibal  found  it  better 
to  enclose  his  exhausting  ventilator  in  a 
casing,  allowing  the  escape  of  air  at  one 
point  only;  and  it  was  equally  in  accord- 
ance with  mathematical  principles  that 
the  adoption  of  this  casing  was  followed 
by  the  use  of  the  peculiar  chimney  and 
sliding  shutter,  which  are  important  feat- 
ures in  this  system. 

The  objections  generally  brought  against 
centrifugal  ventilators  were — 1st,  the  high 
speed,  and  consequently  heavy  wear  and 
tear  and  hability  to  breakages;  2d,  the 
comparatively  small  depression  obtsdned, 
and  the  loss  of  useful  eflFect  by  re-entries 
of  air — ^rendered  greater  as  the  depression 
increased;  3d,  the  low  percentage  of  use- 
ful effect,  which  even  with  the  best  known 
system  abroad  did  not  exceed  25  per  cent. 
The  first  objection  has  been  overcome 
by  increasing  the  diameter  of  the  venti- 
lators, originally  about  6  feet,  and  mak- 
ing 400  or  500  revolutions  per  minute, 
to  30  feet;  and  they  are  intended  to  be 
40  feet  diameter,  making  60  to  80  revo- 
lutions per  minute.  The  second  objec- 
tion has  been  met  by  enclosing  the  venti- 
lator in  a  casing,  the  only  mlet  of  air 
being  from  the  mine  into  the  centre  open- 
ing, and  by  the  chimney,  which  is  specially 
constructed  on  the  expanding  principle, 
and  utilizes  a  certain  amount  of  the 
power  which  would  otherwise  be  carried 
away  by  the  air  entering  its  base  at  the 
high  velocity  which  it  has  on  leaving  the 
blades  of  the  fan.  The  result  of  experi- 
ment proves  that  a  depression  greater 
than  that  due  to  the  velocity  of  the  tip 
of  the  blade  is  obtained  from  the  Guibal 
ventilator;  this  is  due  to  the  joint  action 
of  the  "  Evas^e  "  chimney.  In  other  cen- 
trifugal ventilators  the  depression  ob- 
tained has  been  less  than  that  due  to  the 
velocity.  The  third  objection  no  longer 
holds  when  such  a  result  as  60  per  cent. 
to  70  per  cent,  of  the  steam  power  applied 
is  utilized. 


A  fan  30  feet  diameter  by  10  feet  wide 
is  driven  by  a  direct  acting  single  engine 
with  cylinder  24  inches  duuneter  and  24 
inches  stroke.  Fans  of  these  dimensions 
are  now  giving  at  60  revolutions  per  min- 
ute, a  volume  of  100,000  cubic  feet  per 
minute,  with  a  depression  of  2.5  inches. — 
T?ie  Engineer. 


TIN-LINED  Lead  Pipes.— Messrs. 
Broadnax  &  Co.,  in  New  York,  and  M. 
Hamon,  in  France,  are  manufacturing  tin- 
lined  pipe  in  large  quantities,  and,  whilst 
the  inner  surface  insures  a  perfect  free- 
dom from  all  the  deleterious  consequen- 
ces arising  from  the  use  of  water  brought 
into  contact  with  lead,  the  increased 
strength  obtained  fi'om  the  superior  tena- 
city of  the  tin  enables  the  section  to  be 
reduced  and  the  pipes  to  be  manufactured 
at  the  same  prices  as  ordinary  lead  tubing. 

The  operation  in  the  American  pro- 
cess consists  in  casting  a  conical  in- 
got of  pure  tin,  which  is  then  bored  out 
to  fit  a  mandril,  the  size  of  which  corre- 
sponds with  the  diameter  of  the  pipe  to 
be  produced.  This  ingot,  after  being 
turned  down  in  a  lathe,  placed  in  a  re- 
frigerator, and  reduced  to  a  temperature 
of  12**,  is  set  upon  the  mandril,  which  is 
fitted  into  the  ram  of  an  hydraulic  press, 
and  exactly  in  the  centre  of  a  circular 
mould,  into  which  lead  is  poured  from 
adjoining  furnaces,  placed  on  each  side 
of  the  hydraulic  press.  The  mould  is 
placed  within  a  casing  kept  heated  to  a 
temperature  of  267°,  to  prevent  the  lead 
from  chilling  and  parting  from  the  mould. 
As  the  tin  has  been  reduced  to  a  temper- 
ature of  12®  above  zero,  it  resists  the 
superior  heat  of  the  melted  lead,  and 
only  begins  to  change  form  as  the  former 
is  hardening.  A  perfect  junction  between 
the  two  metals  is  thus  effected  without  so 
much  fusion  of  the  tin  as  would  destroy 
the  continuity  of  the  lining  when  the  pipe 
is  drawn  out.  'When  the  ingot  is  cold  the 
descending  ram  forces  it  through  a  die, 
forming  a  continuous  pipe,  with  a  tin 
lining,  the  thickness  of  which  depends 
upon  the  size  of  the  central  ingot. 

The  process  of  M.  Hamon  closely  re- 
sembles the  American  one  just  described. 
In  preparing  his  ingot,  the  inventor  casts 
an  annular  block  of  load,  and  placing 
within  the  central  space  a  hollow  mandril 
of  a  less  diameter  than  that  of  the  hole  in 
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the  ingot,  fills  it  with  tin,  which  he  rons 
in  from  the  bottom  of  the  ingot,  through 
the  hollow  mandril  The  compresran^ 
process  is  in  all  practical  details  identiciu 
in  each  case,  the  main  difference  consist- 
ing in  the  addition  of  an  auxiliary 
hydraulic  cylinder  for  raising  the  cast- 
iron  block  containing  the  matrix,  through 
which  the  pipe  is  forced. — Engineering. 


UTILIZATION  OF  Sewaoe.— One  of 
the  greatest  sources  of  waste  in  all 
American  and  most  foreign  cities,  is  the 
throwing  away  of  the  valuable  fertil- 
izing elements  in  the  sewage.  In  China, 
that  semi-barbaric,  but  exceedingly  wise 
old  land,  the  inhabitants  of  cities  are 
obliged  by  law  and  custom  to  return  all 
fecal  matter  to  the  country,  where  it  may 
be  restored  to  the  soil,  from  which  it  came 
in  the  shape  of  vegetable  and  animal 
food.  But  the  fluid  matter  is  not  avail- 
able for  manurial  use,  and  the  solid  mat- 
ter is  difficult  of  separation,  except  through 
the  tedious  process  of  evaporation.  A 
compound  (of  animal  charcoal,  blood, 
clay,  alum,  and  some  other  things)  has 
recently  been  patented  in  England,  by 
which  the  solid  material  may  be  instantly 
precipitated  in  a  coalescent  mass,  which  is 
easily  and  quickly  dried  for  manure.  Some 
enterprising  "  contractor"  could  make  any 
number  of  fortunes  by  getting  hold  of 
such  an  effective  process.  The  refructifl- 
cation  of  soils  is  getting  te  be  an  import- 
ant question  along  the  Atlantic  States. — 
N.  Y.  Times. 

Another  process,  patented  by  Mr.  C.  G. 
Lenk,  of  Dresden,  is  a  peculiar  prepara- 
tion of  alum.     In  a  recent  experiment  at 
Tottenham  (Eng.),  26,000  gallons  of  sew- 
age were  discharged  into  the  tank,  and 
into  this  were  gradually  poured  about  60 
gallons  of  "Lenk's  Patent  Essence."   At 
first  the  smell  was  most  offensive,  and 
nearly  intolerable,  but  as  the  chemical 
preparation  mixed  with    the  liquid  the 
odor  perceptibly  decreased.     After  some 
time  a  remarkable  change  was  visible  in 
the  contente  of  the  tank.     The  solid  sub- 
stances were  precipitated  to  the  bottom, 
tho  water  on  the  surface  became  gradually 
clear,  and  at  the  end  of  an  hour  it  was 
found  to  be  not  only  transparent,  but  al- 
most clear,  by  contrast  with  ite  condition 
''^hen   discharged  from  the  sewer. — Ar- 
tisan. 


IMPROVED  Method  of  Tebtino  Lasoi 
Pipes. — ^An  apparatus  for  testing  pipes 
I  and  open-ended  castings  has  been  de- 
signed and  recently  patented  by  Mr. 
Henry  Cochrane,  of  Middlesborough-on- 
Teea  In  testing  pipes  by  water  pressure, 
the  usual  practice  has  been  to  dose  the 
ends  by  caps  or  bonnets,  and  then  to 
force  in  water  until  the  pipe  was  com- 
pletely fiUed;  but  in  the  case  of  pipes  (A 
large  size  this  system  is  open  to  two  ob- 
jections, the  first  being  tlmt,  as  the  end 
caps  are  subjected  to  an  enormous  press- 
ure, they  require  very  strong,  and  con- 
sequently expensive  fastenings  to  hold 
them  securely;  and  the  second  being  that 
a  waste  both  of  time  and  of  water  is  occa- 
sioned by  its  being  necessary  to  fill  the 
entire  capacity  of  the  pipe.  Mr.  Coch- 
rane overcomes  these  objections  by  plac- 
ing a  core,  slightly  less  in  diameter  than 
the  bore,  withm  the  pipe,  and  then  pump- 
ing the  water  inte  the  small  annular  space 
between  this  core  and  the  pipe  itself.  By 
this  arrangement,  not  only  is  the  quan- 
tity of  water  which  it  is  necessary  to 
force  in  very  greatly  reduced,  but  the 
end  caps  are  aJso  relieved  to  a  corre- 
sponding extent  of  the  pressure  to  which, 
under  the  ordinary  system,  they  would 
be  subjected. 

This  apparatus  is  illustrated  in  "En- 
gineering," October  2,  1868.  The  pipe  is 
run  over  the  core  on  a  carriage,  ana  the 
joints  are  stepped  at  both  ends  by  screw- 
ing a  cap  upon  one  end. 


WORKING  THE  12-TON  GuH.— Let  us 
now  stand  for  a  short  time  upon  the 
Seawall  Battery  at  Shoeburyness,  and 
wateh  the  Royal  Artillery  officer  and  his 
"detachment"  of  13  men  work  the  12- 
ton  9-inch  gun.  The  object  they  have 
in  view  is  te  fire  as  rapidly  as  possible, 
consistently  with  taking  a  steady  aim,  at 
a  target  of  only  5  feet  square,  moving 
across  the  range  at  1,000  yards  distance. 
By  this  means  it  may  be  ascertained  how 
often  the  gun  can  be  discharged  at  a  ves- 
sel which  the  gunners  are  able  to  keep 
imder  fire  while  she  passes  along  a  dis- 
tance of  750  yards,  at  1,000  yards  dis- 
tence.  The  gun  is  mounted  upon  a 
wrought-iron  carriage  with  slides,  the 
whole  being  traversed  upon  racers.  In  1 
minute  and  17  seconds  after  the  first 
round  the  gun  is  again  loaded,  laid,  and 
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discharged.  The  third  rotind,  at  the  same 
intefval  of  time,  strikes  the  target, 
which  is  then  moving  at  the  rate  of  3^ 
miles  an  hour.  In  4  minutes  52  sec- 
onds 5  rounds  have  been  fired.  The 
speed  of  the  target  is  now  increased  from 
7  to  8  miles  an  hour,  and  in  3  min- 
utes 22  seconds  5  more  rounds  are 
expended,  the  fourth  shot  hitting  the  tar- 
get. The  general  result  is  that  the  gun- 
ners would  have  placed  all  their  ten  250- 
pound  shells  in  a  small  gunboat,  or  even 
in  a  man-of-war's  launch,  in  8  minutes 
and  14  seconds. — "  Oar  Heavy  Guns" 
in  MacmiUan*8  Magazine. 


RESISTANCE  OF  Ships  due  to  thub 
Depth — Infobmation  wanted. — ^In  a 
paper  before  the  Institute  of  Naval  Archi- 
tects, Professor  Banldne  stated  that  every 
ship  is  probably  accompanied  by  waves 
whose  natural  speed  depends  on  me  verti- 
cal depth  to  which  she  disturbs  the  water; 
and  that  consequently  where  the  speed  of 
the  ship  exceeds  that  natural  speed,  there 
is  probably  an  additional  term  of  resist- 
ance depending  on  such  excess.  In  a  la- 
ter paper  before  the  British  Association, 
he  gives  some  observations  that  prove  the 
existence  of  waves  whose  speed  oi  advance 
depends  on  the  depth  to  which  the  vessel 
disturbs  the  water.  The  relation  between 
those  waves  and  the  resistance,  remains 
a  subject  for  future  investigation;  but  to 
facilitate  that  investigation,  ho  calls  for 
farther  observations,  such  as  the  measure- 
ment of  the  angles  of  divergence  of  the 
wave  ridges  raised  by  various  vessels  at 
different  speeds,  and  the  determination 
of  the  figures  of  those  ridges — also  the 
mean  depth  of  immersion  as  found  by  di- 
viding the  volume  of  displacement  by  the 
area  of  the  plane  of  flotation,  and  that  not 
onlv  for  the  whole  ship,  but  for  her  fore 
and  after  bodies  separately. 


FIRE  Protection  axd  Water  Supply. — 
The  system  of  Mr.  B.  Holly,  of  Lock- 
port,  in  use  in  Auburn  and  other  cities, 
consists  in  forcing  water  through  the  pipes 
of  a  city  by  powerful  pumps,  inst>cad  of 
drawing  it  from  reservoirs,  and  also  in 
the  use  of  a  "  water  telegraph"  to  indi- 
cate where  and  when  the  supply  is  want- 
ed. The  system  is  very  fully  discussedin 
the  "  Iron  Age"  of  October  16. 


THE  Electric  Light — ^Berlioz  olectrio 
light,  used  (and  exhibited  in  New 
York)  on  the  steamers  of  the  General 
Transatlantic  Company,  is  said  to  pene- 
trate the  densest  fog  and  darkness,  and 
to  be  of  great  value  not  only  on  deck,  but 
in  the  streets  of  cities.  This  light  is  pro- 
duced by  the  burning  of  carbon  pencils 
in  currents  of  electricity.  The  latter  are 
furnished  without  the  use  of  batteries 
by  an  apparatus  consisting  of  40  series 
of  horse-shoe  magnets  set  in  a  circular 
frame,  within  which  is  an  axis  bearing 
64  reels  of  copper  wire,  and  revolving 
before  the  magnets  at  the  rate  of  300 
turns  a  minute.  A  double  current  <^ 
electricity  is  thus  induced  in  the  copper 
wires,  the  one  direct  as  they  approach 
the  poles,  the  other  reversed  after  they 
have  passed  them.  No  device  for  break- 
ing the  current  is  used,  as  it  is  found  that, 
though  the  current  is  interrupted  at  each 
reversion,  the  light  is  not  perceptibly 
affected  unless  the  interruption  exceeds 
one-twentieth  of  a  second. 

The  magnetic  apparatus  is  about  4  feet 
6  inches  square;  it  stands  in  the  engine 
room  of  the  St.  Laurent,  and  is  driven  by 
a  donkey  engine  of  1  or  2  horse-power. 
The  electricity  is  convoyed  to  the  lantern 
by  wires.  The  cost  of  the  light  is  about 
12  cents  an  hour;  the  same  amount  of 
light  by  gas  would  cost  2  dollars.  The 
light  is  displayed  through  a  Foucault  lens, 
which  can  be  turned  by  hand  in  any  di- 
rection, placed  on  the  bridge  above  the 
deck. 

Some  interesting  experiments  have  late- 
ly taken  place  in  France  on  board  the 
armor-clad  ship  "  Heroine,"  and  also  on 
board  the  yacht  "  Prince  Jerome,"  upon 
the  use  of  tiie  electric  light  for  signalling 
purposes.  The  power  of  the  light  obtain- 
ed was  equal  to  200  Carcel  burners — ^the 
Carcel  being  equal  to  8  candles;  it  there- 
fore follows  that  the  electric  light  possess- 
ed a  brilliancy  equal  to  1,000  candles! 
In  the  direct  line  of  the  light  it  was  stated 
as  possible  to  read  at  the  distance  of  1,400 
metres  (1,531  yards)  an  ordinary  news- 
paper. It  was  found  that  signalling  by 
means  of  short  and  long  flashes  was  the 
most  easily  to  be  carried  out  The  com- 
missioners on  the  subject  report,  "The 
apparatus  experimented  upon  shows  a 
very  powerful  focus  of  light,  perfectly 
suited  to  night  signalling,  or  for  throwing 
a  light  over  a  coast  or  a  ship.    It  can  be 
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coujiidered  as  a  Teritable  floating  ligbt» 
and  would  then  b«  most  osefol  on  board 
tho  flagtdiip  of  a  commander-m-chiel*' 
Of  the  peculiar  value  of  this  light  and  its 
intcsUHo  illuminating  iK>wer,  it  is  stated 
that  the  yacht  **  Prince  Jerome,"  fitted 
with  it,  wag  enabled  to  eteam  bj  night 
through  the  intricate  navigation  of  the 
Bosphoru«,  when  the  yacht  belonging  to 
the  Viceroy  of  Egypt  was  obHged  to  wait 
imtil  dayUght 


THE  ST.  LOinS  BRIDGE, 

The  arches  of  the  bridge  commenced 
by  Captain  Eads  over  the  Mississippi  at 
8t.  Louis,  are  thus  commented  upon  in 
"  Engineering.** 

In  one  respect  the  Mississippi  bridge 
dilfers  essentially  from  the  ordinary  run 
of  arched  bridges.  Usually  the  spandrD 
filling,  even  if  arranged  verticjiDy  only, 
posaeniies  sufficient  inherent  stifihess,  by 
virtue  of  the  rigidity  of  its  connections 
with  the  arched  rib  and  horizontal  girder, 
to  assist  niritorially  in  proveuting  any  dis- 
tortion of  that  member  wb<^n  imder  strain. 

In  the  instance  of  the  Missis Bippi  bridge 
the  spandril  verticals  are  positively  hing- 
ed, BO  that  not  the  ftlightcHt  incidental 
support  is  afforded  liy  them  to  the  arched 
rib,  the  fitabihty  of  wliich  is,  consequently, 
since  there  is  no  horizontal  girder,  gov- 
erned entirely  by  the  self-contained  diag- 
onal bracing. 

In  fact,  the  essentia!  part  of  the  bridge 
is  a  curved  rect«ingiil:ir  beam,  8  feet  by 
44  feet,  the  former  dimension  being  the 
vertical  depth  of  the  bracing,  and  the 
other  one  the  th stance  apart  of  tlie  face 
rib8»  which  are  firmly  tied  togetlier  by 
horizontal  bracing.  Thei'o  can  be  no 
question  as  to  the  lateral  stability  of  the 
struct m*e,  but  the  depth  of  vcrtind  l>rac- 
ingisso  smnll  in  comparison  to  the  span — 
8  ifeet  to  615  feet — that  it  is  absolutely 
necessary  to  consider  the  question  of 
stability  in  that,  direction.  Now,  there 
mitst  oiivioTisly  bo  some  hmit  below  which 
the  depth  of  the  arched  rib  could  not  be 
reduced,  even  if  the  load  were  always  uni- 
formly distributed,  and  the  mathematical 
position  of  the  centre  of  pressure  corre- 
sponded with  the  centre  line  of  the  rib. 
Thii9»  if  the  rib  were  but  6  inches  deep, 
it  could  no  more  maintain  its  form,  for  an 
instant^  than  it  wotilcl  if  built  of  ropes. 
Why  a  depth  of  8  feet  should  be  assumed, 


ft«  it  is  in  the  calculations,  to  afiford  per* 
feet  immunity  from  all  disturbing  forceSi 
we  are  at  a  loss  to  goess. 

It  ap|>ear8  to  us  that  an  arched  rib,  prr 
se^  is  neither  more  nor  less  than  a  long 
column,  and  that  it  should,  consequently, 
be  treated  as  such.  In  a  long  column  of 
uniform  cross  section,  subject  to  two  equal 
and  oppoodte  end  forces  acting  at  tlie  cen* 
tre  of  gra\-ity  of  the  cross  section,  the  unit 
strain  would,  mathematically,  be  iiniform 
throughout  the  entire  column.  Expt^ri- 
ment  proves,  however,  that  in  conse- 
quence of  variations  in  the  eliLsticity"  of 
die  material  the  strain  is  in  reality  very 
unequally  distributed  over  the  cross 
sections;  so  much  so,  that  in  columns  of 
certain  length  positive  tension  is  induced 
by  a  compressive  force.  Kow,  how  it  is 
that  in  calculations  concerning  arc-hed 
ribs,  or,  in  other  words,  curved  columns, 
the  unit  strain  should  be  assumed  uniform 
if  the  mathematical  position  of  the  centre 
of  pressure  at  any  point  corresponds  vnfh 
that  of  the  centre  of  gravity  of  the  cross 
section  at  the  same  point,  whilst  in  a 
straight  column,  under  similar  conditions, 
it  is  shown  l)y  experiment  to  differ  so 
widely  fi^om  it,  is  not  to  us  apparent. 

In  the  Mississippi  bridge,  the  least 
dimenBion  of  the  cohman  is  about  ^V*^  ^^ 
the  length;  but  on  account  of  the  cur^-a- 
ture  of  that  member,  it  is  in  effect,  to  a 
certain  extent,  supported  at  the  centre  of 
its  length;  hence  the  equivalent  ratio  will 
be  greater  than  the  preceding  fraetion^^l 
We  have  not  investigated  the  que8tioi|^^| 
minutely,  but  theory  appears  to  indi*^ 
cate  that  the  equivalent  ratio  would  be 
^  X  Vs'^  J^th  of  the  length.  If  tliis  be 
so,  tho  elastic  resistance  of  the  steel  to 
bo  employed  in  the  bridge  should  have 
been  deduced  fi'om  that  of  a  bar  45  inches 
long  by  1  inch  Jiameter,  instead  of  h  ;im 
that  of  a  bar  12  inches  long  only,  as 
appears  to  have  been  done.  In  no  in- 
stance do  we  remember  the  breaking 
strain  of  either  a  solid  or  hollow  column 
being  greater  than  12 J  tons  per  square 
inch,  or  about  one-half  only  the  resistance 
A  short  coliunn  of  the  same  material 
would  offer.  In  a  steel  column  the  loss 
of  resistance  would  probably  be  smaller 
in  proportion,  but  it  would  unquestiona- 
bly be  far  too  serious  in  amount  to  be 
neglected  in  the  computations  of  the 
strength  of  Mississippi  bridge*  We  do 
not  mean  to  assert  that,  even  if  the  uuud- 
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mom  strain  were  25  per  cent,  greater  than 
stilted  in  the  report,  the  bridge  would  not 
itOl  be  perfectly  safe  and  serviceable ;  but, 
at  the  same  time,  we  cannot  account  for  the 
omission  of  tlds  important  element  in 
calculations  so  refined  as  those  instituted 
for  the  determination  of  the  strains  on 
that  stmctnre. 

We  cannot  endorse  all  the  statements 
advanced  in  the  report  as  to  the  superior 
economy  of  employing  iron  or  steel  in 
compression.  In  mct^  if  the  reasoning 
were  sound,  it  would  follow  that  the  re- 
sistance of  a  cylindrical  boiler  flue  to 
collapse  would  be  greater  than  its  resist- 
ance to  a  bursting  pressure.  I&  is  well 
known,  however,  that  even  an  approxima- 
tion to  this  condition  would,  in  practice, 
be  attended  vnth  fatal  results.  The  radius 
of  the  arched  rib  of  the  bridge  we  are 
considering  is  about  84  times  ite  depth, 
80,  within  certain  limits,  it  may  be  con- 
iddered  as  placed  under  similar  conditions 
to  a  cylindrical  flue  7  feet  diameter,  con- 
structed of  ^  inch  steel  plates,  and  sub- 
ject to  external  pressure.  The  increased 
resistance  which  such  a  tube  would  offer, 
if  properly  stiflened  by  diaphragms,  is 
well  knovm  to  practical  men,  and  precisely 
analogous  support  would  be  afforded  to 
the  arched  rib  if  the  spandrils  were  prop- 
erly braced.  Neglecting  the  element  of 
the  long  column,  the  present  arrange- 
ments would  probably  be  the  most  econo- 
mical; but  if  we  include  that  in  the  con- 
sideration, it  will  be  found  that  the 
increased  strains  from  expansion,  con- 
traction, and  deflection,  due  to  the  brac- 
ing of  the  sandrils,  will  be  more  than 
counterbalanced  by  the  increased  resist- 
ance the  arched  rib  could  offer  to  com- 
pressive strains,  whilst,  at  the  same  time, 
the  structure  would  be  far  less  liable  to 
vibration. 

In  illustrating  the  bridge,  "Engineer- 
ing "  adds  the  following  comments  :  We 
think  a  glance  at  the  engravings  will  con- 
vince most  English  engineers  that  the 
question  raised  by  us,  as  to  the  vertical 
ifti/fness  of  the  bridge,  was  not  without, 
px>d  reason.  The  mass  of  horizontal, 
bracing  is  so  considerable  in  comparison 
with  that  available  for  the  prevention  of 
distortion  of  the  arched  rib  in  a  vertical 
plane,  that  at  first  sight  it  might  bo  fairly 
concluded  the  greatest  disturbing  force 
was  to  act  in  a  horizontal  plane,  whereas, 
as  a  matter  of  fact»  we  well  know  the 


force  operating  in  that  direction  could 
never  amount  to  a  tithe  of  the  vertical 
disturbing  force  induced  by  the  passage 
of  a  heavy  rolling  load  over  tiie  bridge.  In 
fact,  as  designee^  we  think  the  St.  Louis 
Bridge  would  hardly  prove  less  lively 
than  several  existing  suspension  bridges. 


CHEMICAL  PBEPABATION  OF  PAINT. 

BaildingKews. 

It  has  been  proved  that  the  different 
paints  employed  in  the  decoration  and 
preservation  of  timber,  iron,  and  other 
constructive  materials,  are  not  simple  me- 
chanical mixtures  of  oil  and  mineral  sub- 
stances but  true  chemical  compounds,  and 
endowed  with  that  closeness  and  intimacy 
of  union  that  invariably  attends  similar 
combinations. 

Kecently,  the  French  navy  has  ordered 
a  new  process  of  preparing  paints,  to  be 
examined  and  reported  upon  by  a  special 
commission.  By  proceeding  upon  a  chem- 
ical rather  than  a  mechanicsJ  principle, 
it  is  stated  that  pamts  may  be  manufac- 
tured in  any  quantities  in  a  very  short 
space  of  time,  and  in  a  simple  and  eco- 
nomical manner,  which  would  dispense 
with  the  greater  portion  of  the  heavy  and 
expensive  machinery  at  present  required. 
Anyone  piay  satisfy  himself  of  the  funda- 
mental principle  upon  which  this  new 
process  is  based  Make  a  small  cake,  of 
a  very  fluid  constituency,  with  some  water 
and  a  certain  proportion  of  any  of  the  fol- 
lowing ingredients: — ^White  zinc,  minium, 
or  lamp  black.  Add  to  tliis  cake  a  quan- 
tity of  linseed  oil;  if  zinc  be  used  the 
proportion  of  oil  will  be  32  parts  to  100, 
if  minium  only  5J,  and  for  lampblack  110 
parts  will  be  required  to  100  of  that  sub- 
stance. The  mixture  should  be  well 
stirred,  and  after  a  few  minutes  the  oil 
will  be  found  to  be  chemically  united  with 
the  mineral  substance,  and  the  water  to 
have  separated  and  floating  upon  the  sur- 
face. This  circumstance  is  manifestly 
due  to  the  principle  of  "elective  aflinity," 
by  virtue  of  which  the  mineral  substance 
leaves  the  water  and  unites  itself  to  the 
oil.  The  water  haviner  been  drawn  off, 
the  cake  is  then  consolidated  and  pressed 
something  after  the  manner  in  which 
butter  is  made.  The  process  can  only  bo 
applied  to  certain  mineral  substances, 
among  which  are  those  principally  used 
in  the  manufacture  of  oil  paints. 
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The  following  is  an  outline  of  the  pro- 
posed manufacture:  The  color  or  mine- 
ral substance  after  being  finely  powdered, 
is  mixed  with  a  large  quantity  of  water, 
and  then  passed  through  a  fine  sieve  or 
strainer  of  silk.  The  small  residue  can  be 
repulverized  in  a  mortar  and  ultimately 
utilized.  The  chief  advantage  claimed 
for  the  sieve  is  that  it  arrests  many  foreign 
substances.  This  is  not  completely  ac- 
complished by  the  cylinders  used  in  the 
ordinary  manufdcture  of  paints.  The 
foreign  particles  are  cut  up  very  small, 
but  they  are  not  crushed;  after  a  short 
time  blisters  rise  to  the  surface,  occasion- 
ing much  damage  to  the  appearance  of 
the  work.  The  mixture,  after  passing 
through  the  strainer,  is  deposited  in  a 
tank,  where  it  may  remain,  if  desirable, 
for  some  months.  After  drawing-off  the 
greater  part  of  the  water,  tlie  proper  pro- 
portion of  oil  is  added,  and  the  mixture 
thoroughly  agitated.  The  result  is  that 
the  cake  commences  to  form,  and  is  pre- 
cipitated to  the  bottom  of  the  receptacle. 
It  is  then  pressed  to  drive  out  the  re- 
mainder of  the  wjiter,  and  although  a  very 
little  may  permanently  remain,  yet  it  will 
not  affect  the  value  of  the  paint  or  injure 
its  application. 

The  successive  steps  may  be  summed 
up  as  follows: — ^The  action  of  the  water 
ncdlitates  the  minute  division  of  the  mine- 
ral substance  or  coloring  matter:  that  of 
the  strainer  arrests  all  impurities,  while 
the  extreme  degree  of  division  to  which 
the  minend  has  Wen  brought  favors  its 
ultimate  combination  and  chemical  union 
irith  the  oil.  By  virtue  of  its  specific 
gravity  the  newly  formed  pigment  insol- 
uble in  water,  separates  spontaneously. 


facture  of  soap,  but  for  grinding  paints, 
and,  when  of  first  quaUty  and  properly 
refined,  as  a  table  oil  in  the  place  of  that 
obtained  from  olives.  One  reason  why 
this  branch  of  production  has  not  thriven 
better  may,  peniaps,  be  found  in  the  em- 
ployment of  costly  machinery,  which  not 
only  involves  a  large  original  outlay  of 
capital,  but  necessitates  the  consumption 
of  all  the  seed  of  a  large  neighborhoKxL  in 
order  to  keep  the  apparatus  constantly, 
and  thus  profitably  employed,  while  the 
most  available  method  would  appear  to 
involve  tho  use  of  cheap  and  easily-oper- 
ated machinery.  This  would  enable  each 
proprietor  to  extract  the  oil  from  the  seed 
at  such  times  and  under  such  circum- 
stances as  might  be  the  most  convenient, 
and  to  employ  the  cotton  seed  as  manure 
to  nearly  Uiesame  extent  as  if  the  crude 
seed  were  buried  in  the  earth,  inasmuch 
as  the  oil  is  simply  a  hydro-carbon,  worth 
comparatively  little  as  a  fertilizer,  while 

I  the  pomace  or  oil-cake,  containing  the 
mineral  matter  and  substances  capable  of 

I  generating  ammonia,  could  be  used  for 
manurial  purposea 

The  •'Ajnerican  Artisan"  calls  the  at- 
tention of  inventors  to  this  subject,  and 
indicates  the  direction  of  improvement. 


THE  PRonrcnoN  of  Cottox  Seed  Oil. 
Tho  cotton  seed  in  its  orvlinary  con- 
dition weighs  about  dS  poimds  per  bushel. 
of  which  about  one-half  is  oil-yielding 
kemeL  and  the  rest  husk  or  hull,  tho  lat- 
ter Iving  coverotl  with  a  short  WiH^lly 
coat  of  fibres  or  filaments.  In  tho  usual 
methoil  of  extracting  tho  oil  this  hull  is 
removoil  by  machinery,  and  the  oil  is  ox- 
pressed  frt>m  tho  kernels  by  subjecting 
the  same  to  great  pivssure  after  lx»ing 
^nvund,  about  tJO  gallov.s  of  oil  being  olv 
tainoil  from  a  ton  of  tho  hulloil  sooii  Tho 
oil  weighs  about  S  |v>unds  to  tho  gallon. 
Vid  mav  bo  used  not  onlv  in  the  manu- 


THE  HTPBAIUC  BAM. 

Obodens^Hl  fhnn  the  American  Artisan. 

Tliis  machine,  a  well-known  invention 
of  Montgolfier,  is  used  where  a  consider- 
able flow  of  water  with  a  moderate  fall  is 
available  to  raise  a  small  x>ortion  of  that 
flow  to  a  height  exceeding  that  of  the 
falL 

A  dam  is  erected  across  a  stream  so  as 
to  form  a  pond.  From  the  lower  part  of 
tho  pond  runs  the  supply-pipe,  near  the 

•  end  of  which  is  a  waste-valve  chamber,  in 
tho  top  of  which  is  a  conical  waste  valve 
which  opens  downwards,  and  which  is 
largo  enough  to  pass  the  flow  of  the  sup- 
ply-pipe. At  tho  end  of  the  supply-pipe 
thoro  is  a  conii^l  valve  opening  upwards 
into  an  air-ohamber.  from  the  bottom  of 
which  tho  discharge-pipe  rises.     There  is 

'  a  valvo  on  tho  top  of  this  chamber  which 
o|>ons  inwards,  and  admits  a  small  quan- 
tity of  air,  to  snpply  any  loss  caused  by 
its  diffusion  in  the  water. 

[     Tho  followiiur  is  the  operation: — Sup- 

•  poso  tho  waste  valve  to  have  bsen  shut  by 
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tre  from  within  the  8npplj-pix>e,  and 
1  snddenlj  open,  owing  to  the  di- 
ion  of  that  pressore.  The  water 
begins  to  flow  from  the  reseryoir 
▼h  the  snpplj-pipe  and  out  at  the 


ECONOMY  OF  CLOTHING  BOILEBS. 

The  following  are  the  results  of  some 
experiments   recently  conducted 


at  the 

Newport  Ironworks,  Middlesborough-on- 

vaive,  witf  a  gnidually  increasing  !  Tees,  to  test  the  value  of  a  good  l^ging 
ty.  The  weight  and  the  load  of  the  :  —Jones's  non-conducting  cement.  The 
▼alve  are  so  adjusted  that  the  im-  j  boiler  (vertical)  was  connected  with  a 
of  the  current  in  the  supply-pipe  piiddling  furnace,  and  was  not  protected 
it  with  the  maximum  velocity,  causes  V  *  ^^of.  It  was  worked  at  60  pounds 
Idenly  to  shut.  Thus  the  flow  of  P®^  square  inch,  and  in  the  second  experi- 
through  the  supply-pipe  would  be  j  nient  the  whole  of  the  shell,  an  area  of 
itly  checked,  if  it  were  not  for  the  '  about  280  square  feet,  was  coated  with 
it  opening  of  the  valve  at  the  end  of  *be  composition.  During  the  experiments 
apply-pipe  into  the  air-chamber,  *be  weather  was  fine  and  warm,  and  the 
i  by  Ae  momentum  of  the  water.  ^^^1  used,  the  iron  produced,  the  time  of 
the  pressure  in  the  air-chamber  is  *be  experiments,  and  all  the  other  circum- 
to  the  pressure  in  the  supply-pipe,  \  stances,  were  exactly  similar  in  the  two 
•     •  -    .     -       -    cases.    A  water  meter  was  attached  to 

the  feed-pipe,  and  this  showed  the  exact 
amount  of  water  evaporated  with  and 
without  the  covering.  The  results  were 
as  follows: 

Boiler  not  Covered. 
Total  water  vaporized  per  meter,  Mon- 
day to  Saturday,  11,690  gallons. 

Total  time,  126  hours=92J  gallon8= 
14.8  cubic  feet  per  hour. 

BoUer  Covered, 
Total  water  vaporized  Monday  to  Sat- 
urday, 16,060  gallons. 

Total  time,  126  hours=127.5  gallons= 
20.4  cubic  feet  per  hour=5.6  cubic  feet 
per  hour  more  than  when  the  boiler  was 
uncovered,  a  difference  which  plainly 
shows  the  immense  loss  of  heat  under 
the  latter  circumstances. 

Experiments  by  Jacob  Perkins  long 
a^'^o  proved  that  in  case  of  pipes  filled  with 
steam  at  100  pound  per  square  inch,  100 
feet  of  surface  exposed  to  tiie  atmosphere 
are,  under  ordinary  circumstances,  suffi- 
cient to  condense  per  hour  the  steam  pro- 
duced by  the  vaporization  of  a  cubic  foot 
of  water. 

Regarding  this  experiment  "  Engineer- 
ing" says:  "  It  will  be  seen  that  a  square 
height,  h^  above  the  pond,  and  Q — q  |  foot  of  ordinary  heating  surface  has  about 
to  waste  at  the  depth,  //,  below  one-fifth  the  heat-transmitting  power  of  a 
>nd;  then  the  efficiency  of  the  ram  !  square  foot  of  freely  exposed  cooling  sur- 
K?n  found  by  experience  to  have  the  I  face;  or  supposing  that  m  any  given  boiler 
ing  average  value: — 2X'*"^^X^=  '  ^^®  areas  of  heating  and  cooling  surface 


Ive  between  the  two  vesselB  is  closed 
ivity.  During  the  flow  of  water  into 
tr-chamber,  and  for  a  short  time 
the  closing  of  the  valve,  the  water  is 
I  up  the  discharge-pipe  by  its  mo- 
un  and  by  the  pressure  of  air  in  the 
amber.  As  soon  as  the  pressure 
I  the  supply-pipe  is  reduced  by  the 
ige  of  its  flow  into  the  air-chamber, 
"aste  valve  opens  and  permits  the 
3  of  some  of  the  water  in  the  supply- 
uid  remains  so  until  the  current  is 

strong  enough  in  the  supply-pipe 
>se  the  waste  valve  and  cause  the 

to  force  itself  again  into  the  air- 
x»r  and  through  the  discharge-pipe 
:  desired  elevation. 
\  following  proportions  for  hydraulic 
have  l)oen  found  to  answer  in  prac- 
-Let  h  be  the  height  above  the  pond 
ich  a  portion  of  the  water  is  to  be 
.;  n,  tiie  height  of  water  in  the  pond 

the  outlet  of  the  waste  valve;  L^ 
jngth  of  the  supply-pipe,  from  the 
to  the  waste  valve;  Z>,  its  diameter; 
y=/i^20;  L=2.8J7=0.14;i;  D=H 
=/i-T-200. 

?  1)0  the  whole  supply  of  water  in 
feet  per  second,  of  which  q  is  lifted 


lirds  nearly. 


!  CoMBTOCx  lode  in  Nevada,  valued 
m  at  $30,000,000,  was  sold  by  the 
erer  for  a  horse, 
u  L-Na  L-4 


are  equal,  the  effect  of  the  latter,  if  freely 
exposed,  would  be  to  reduce  the  evapora- 
tive efficiency  of  the  boiler  twenty  per 
cent. 

The  exposed  surface  of  a  boiler,  or  its 
cooling  surface,  in  no  way  differs  fromits 
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lor  instanoe,  wotild  be  enhanced  by  the 
diflsemination  of  facta  Each  one  of  the 
ten  thousand  engineers  engaged  in  its 
oonstmction,  maintenance,  and  improve- 
rnent^  is  toiling  after  what  some  hundreds 
of  them  know.  And  no  himdred  private 
authors,  investigators,  and  experimenters, 
ean  meet  the  demand  for  this  knowledge. 
They  all  tread  over  the  same  ground — ^the 
som  of  their  results  is  overwhelmed  in 
the  Tohmie  of  their  concurrent  testimony, 
and  no  individual  practitioner  has  time  to 
digest  and  utilize  it.  If  thorough,  it  is 
hmited;  if  comprehensive,  it  is  incom- 
plete. Individual  powers  and  fortunes 
are  inadequate.  Such  investigations  do 
not  keep  pace  with  improvement.  The 
good  practice  of  this  year  may  be  bad 
nractice  next  year.  The  influence  of 
knowledge  thus  acquired  is  local  and 
limited.  For  these  and  other  reasons  it 
18  not  only  a  minimum  result  at  a  maxi- 
mum labor  and  cost,  but  it  is  not  faith- 
fully and  hterally  pursued  nor  intelli- 
gently followed. 

A  great  central  guild  of  engineering 
would,  at  the  cost  of  the  present  inde- 
pendent investigations,  present  to  the 
world  the  latest  facts  briefly,  completely, 
and  authoritatively.  Organized  research 
would  not  go  roimd  in  a  circle.  Each  of 
its  Commissioners  and  Boards  would  have 
its  right  line  of  investigation,  its  compil- 
ers would  separate  the  wheat  from  the 
chaff,  and  its  publications  would  be  the 
text-books  of  the  profession.  Then  would 
the  thinkers  and  workers  in  the  great  arts 
of  engineering  widen  the  range,  elevate 
the  character,  and  magnify  the  usefulness 
of  its  results,  and  not  merely  multiply  the 
proofs  that  these  heights  are  attainable. 
— New  York  Times. 


MACHINE-MADE  Watches.— The 
American  Watch  Company  employs 
over  600  operatives,  and  has  made  nearly 
half  a  million  watches.  The  success  and 
economy  of  the  manufacture  lies  in  the 
fact  that  everything  is  done,  as  far  as  pos- 
sible, by  machinery. 


WOOLLEN  Makupactube  ix  thb  West. 
There  are  at  the  present  more  than 
650  woollen  mills  in  seven  of  the  Western 
States,  having  altogether  a  capital  of  about 
$5,500,000.  Western  wool  is  beginning  to 
be  consumed  at  home. 


MABINE  BOILEES. 

As  compared  with  ordinary  land  boilers, 
the  modem  marine  boiler  is  a  light  and 
compact,  if  not  remarkably  strong  struc- 
ture. But  if  we  compare  it  with  the 
locomotive  boiler,  it  at  once  becomes  a 
hulking,  dimisy  contrivance,  to  say  the 
very  best  for  it  Its  weight,  together  with 
the  water  contained  in  it,  will  not  fall 
much  short  of  5  cwt.  for  every  cubic  foot 
of  water  evaporated  per  hour,  whereas 
one-third  this  weight  answers  in  the  loco- 
motive. 

When  we  consider  how  badly  a  thin 
and  nearly  square  box — and  the  shells  of 
nearly  all  marine  boilers  are  little  more 
than  square  boxes — ^is  calculated  te  with- 
stand internal  pressure,  we  perceive  the 
flrst  element  of  weakness  and  consequent 
weight. 

When,  again,  we  perceive  what  a  small 
proportion  of  tubular  surface  is  presented 
in  comparison  with  the  extensive  but  in- 
differently effective  vertical  surfaces  of  half 
inch  plates,  and  besides  these  the  consid- 
erable surfaces  under  the  ash-pit — ^gener- 
ating little  or  no  steam — ^there  is  nothing 
to  wonder  at  as  to  weight.  Water  bot- 
toms were  absolutely  necessary  in  wooden 
ships.  Are  they  necessary  or  even  desira- 
ble in  iron  ships?  Locomotive  boilers 
give  a  good  rate  of  evaporation  without 
them.  Indeed,  they  have  been  tried  on 
locomotives  without  the  least  advantage. 
And  as  for  dividing  the  length  of  a  boiler 
by  means  of  6,  6,  or  7  water  legs,  into 
4,  5,  or  G  separate  and  distinct  furnaces, 
what  is  the  good  of  it?  Look  at  the 
weight  of  plates,  the  stay  bolts,  the  angle 
iron  or  flanging,  the  hand  holes  and  the 
cleaning — and  all  for  what?  No  doubt 
the  "  legs"  unite  the  furnace  crowns  with 
the  water  bottom,  and  if  not  so  secured 
the  latter  would  endeavor,  and  no  doubt 
successfully,  to  straighten  itself  out,  like 
the  hollow  spring  of  a  Bourdon  gauge, 
into  a  vertical  line  with  the  back  of  the 
boiler.  But  if  there  was  no  water  bot- 
tom there  would  be  no  straightening  ten- 
dency of  the  kind;  and  even  with  a  water 
bottom  a  water  front,  as  in  a  locomotive 
firebox,  would  most  effectually  tie  it  to 
the  crown  plate,  and,  still  more,  very 
sensibly  diminish  the  heat  in  tlie  boiler 
room.  As  to  a  great  flat  crown  plate  15 
feet  by  7  feet,  more  or  less,  it  would  be  no 
more  difiicult  to  stay  than  ihe  crown  plates 
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hour.  The  2  boilers  of  the  Bay  State, 
giYing  off  steam  of  25  pounds  from  sea 
water,  and  nmning  daily  for  a  considera- 
ble distance  on  the  open  Atlantic,  have  4 
furnaces  with  flat  crowns  5  feet  6  inches 
wide,  and  10 -feet  4  inches  long,  the  rate 
of  eraporation  being  5.82  pounds  water 
to  the  ponnd  of  anthracite,  and  the  com- 
bastion  of  the  latter  38  pounds  per  square 
foot  of  grate  per  hour.  Furnace  crowns 
from  4  feet  to  5  feet  wide,  and  worked 
nnder  pressures  of  from  15  pounds  to  35 
poond^  and  under  very  rapid  rates  of 
combusikion,  are  exceedingly  common  in 
American  practice.  In  Weale's  "Engi- 
neers' Pocket  Book  "  for  1847-48  is  a  draw- 
ing of  a  very  successful  boiler,  in  which 
the  crown  plate  of  the  furnace,  nearly  flat, 
is  11  feet  6  inches  wide  and  9  feet  6  inches 

li  we  go  from  furnace  crowns  to  grate 
areas  we  find,  on  looking  at  the  boats  of 
the  western  rivers  of  America,  having 
their  6,  7,  or  8  cylindrical  boilers,  exter- 
nally fircNd,  and  loaded  from  90  pounds 
to  150  pounds  per  square  inch,  single 
grate  areas,  4  feet  long,  fore  and  aft^  and 
28  feet  wide  athwart  E^iip,  grates  of  112 
square  feet  area  and  fired  with  2  tons  of 
coal  per  hour.  The  writer  once  construct- 
ed a  number  of  locomotive  engines  to 
bum  antluracite  coal,  and  the  firebox  en- 
tirely behind  the  wheels,  and  spanning  a 
6  feet  gauge  railway,  was  7  feet  6  inches 
wide  inside  and  6  feet  long  in  the  direc- 
tion of  the  tubes,  thus  presenting  the 
enormous  area  of  45  square  feet. 

"  Engineering "  concludes  that  if  the 
crown  plate  of  a  firebox  were  10  miles 
square,  there  would  be  no  difficulty  what- 
ever, as  long  as  the  boiler  was  properly 
supplied  with  water,  in  keeping  it  covered. 


THE  PRODUCnON  OF  OIL  FROM  COAL 

When  shale  or  coal  is  submitted  to  dis- 
tillatory treatment,  the  most  volatile  por- 
tions at  first  escape,  leaving  behind  sub- 
stances of  continually  decreasing  volatility. 
As  the  operation  proceeds,  and  on  an  in- 
creaae  of  temperature,  these  are  evolved 
in  a  gaseous  form  unchanged,  or  resolved 
into  more  volatile  matters  and  residual 
products  possessing  a  still  greater  fixity. 
lliese  products  vary  in  nature  with  the 
temperature  to  which  the  coal  is  exposed, 
and  when  it  is  distilled  at  a  red  heat  it 
yields  a  large  qmmtity  of  gaseous  and  but 


a  small  amount  of  liquid  hydrocarbons. 
The  proportion  of  liquid  products  is  much 
greater  at  a  lower  temperature.  Coal-tar 
obtained  from  the  distillation  of  coal 
contains  various  basic  substances,  includ- 
ing ammonia,  aniline,  diculine,  chromo- 
line,  pyridine,  toluidine,  and  others  pos- 
sessing less  importance.  The  acids  include 
acetic  and  rosalic,  among  others,  but  the 
principal  acid  is  carbolic  or  pbenic. 

The  first  products  from  the  distillation 
of  the  tar  are  gases,  then  follow  water 
and  ammoniacal  salts,  with  black  oily 
matter.  As  the  process  continues,  the 
proportion  of  watery  products  de- 
creases and  that  of  oil  increases.  The 
Eroducts  become  heavier  than  water  when 
:om  5  per  cent,  to  10  per  cent,  of  the 
original  quantity  has  passed  over  in  the 
form  of  light  oil.  It  must  be  remembered 
that  as  the  light  oils  disappear  from  the 
still,  the  remaining  substances  become 
more  fixed,  and  a  higher  temperature  is 
required  for  heavier  oils.  As  the  products 
increase  in  density,  creosote,  or  "dead 
oil,"  appears,  naphthaline  and  other  solid 
products  then  become  abundant,  and  the 
oil  assumes  a  viscid  state;  the  final  resi- 
due constitutes  asphalte  if  the  distillation 
be  carried  to  a  sufficient  extent. 

The  light  oils  on  rectification  can  be 
made  to  produce  a  still  greater  portion 
of  heavy  oil  and  crude  naphtha.  The 
heavy  oils  contain  a  number  of  hydrocar- 
bons of  high  boiling  point.  If  the  crudti 
naphtha  be  agitated,  the  supernatant 
liquid  on  rectification  gives  rise  to  highly 
rectified  naphtha,  containing  at  least  4  or 
5  oils,  with  specific  gravities  ranging  from 
.860  to  .890,  and  with  boiling  points  from 
149°  to  392°  Fahr.  The  watery  liquids 
produced  in  the  condenser  during  the 
manufacture  of  gas  are  employed  for  the 
production  of  sulphate  and  chloride  of 
ammonium  by  a  process  of  concentrating, 
crystallizing,  and  sublimating  the  crystals. 

At  the  Ardsley  Works,  the  retorts  are 
60  in  number,  and  of  an  oval  form.  They 
are  arranged  in  2  sets  of  25  each.  Each 
retort  weighs  about  2^  or  3  tons,  and 
contains  from  10  to  15  cwt  of  coal.  The 
crude  oil  from  the  retorts  is  pumped  into 
the  stills,  3  in  number,  each  having  a  ca- 
pacity of  1,500  gallons.  A  small  fire  is 
placed  under  the  stills,  but  the  chief  part 
of  the  heat  is  communicated  to  the  body 
of  the  oil  by  means  of  superheated  steam 
in  a  wrought-iron  pipe  entering  the  top 
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of  the  still  and  carried  nearly  to  the 
bottom,  where  it  forms  a  coil,  which  is 
perforated  with  small  holes;  steam  is  thus 
blown  into  the  body  of  the  oiL  The 
amount  of  water  introduced  into  the  oil 
by  the  condensation  of  the  steam  is  in- 
considerable, and  is  readily  separated. 
The  distilled  oil  is  collected  in  a  tank 
from  a  coil  laid  in  a  cistern  of  cold  water 
in  the  usual  way. — Mechanics'  Magazine. 


ANCIENT  BOMAN  MASON^BT  AND  MOBTAB. 

A  paper  on  this  subject,  by  Mr.  Spiller, 
F.  C.  S.,  read  before  the  last  meeting  of  the 
British  Association,  says  :  A  more  than 
antiquarian  interest  attaches  to  the  re- 
mains of  Koman  constructive  works  in 
England,  as  they  appear  to  have  with- 
stood the  ravages  of  time  better  than  the 
Norman  and  mediaeval  monuments  of  a 
later  period.  The  walls  of  the  Castrum 
of  Burgh,  Suffolk,  are  of  rubble  masonry, 
6  feet  thick,  faced  with  flints  and  layers  of 
red  tiles.  The  stones  are  large,  and  the 
mortar  reddened  by  pounded  brick.  Al- 
tiiough  the  structure  is  estimated  to  be 
1,500  years  old,  one  wall,  with  a  gate  in 
the  centre,  is  still  perfect  throughout  its 
length — 650  feet  The  following  chemical 
points  are  discussed: 

1st.  To  what  extent  the  hydrate  of  Hme 
becomes  recarbonated  by  exposure  to  air  ? 

2d.  What  is  the  physical  candition  of 
the  carbonate  so  produced  ?  and 

3d.  Whether  in  this  long  interval  the 
silica  and  lime  can  directly  unite  with 
each  other  ? 

Different  views  on  this  subject  have 
been  advanced,  the  prevailing  opinion  un- 
doubtedly being  that  the  lime  never  be- 
comes thoroughly  recarbonated,  but  stops 
short  at  a  point  when  a  definite  combina- 
tion of  hydrate  and  carbonate  of  lime  is 
formed;  and,  secondly,  that  limo  is  en- 
dowed with  the  power  of  attacking  sand 
and  other  forms  of  insoluble  silica  by 
lonp:  contact  at  the  common  temperature. 

The  conclusions  of  the  author  are,  that 
the  lime  and  carbonic  acid  are  invariably 
united  in  monatomic  proportions,  as  in 
the  original  limestone  rook ;  and  that  there 
is  no  evidence  of  the  hydrate  of  lime  hav- 
ing at  any  time  exerted  a  power  of  cor- 
roding the  surfaces  of  sand,  flint,  pebbles, 
or  even  of  burned  clay,  with  which  it 
must  have  been  for  lengthened  periods  in 
contact.    Further,  that  the  water  origin- 


ally combined  with  the  lime  has  been  en- 
tirely  eliminated  during  this  process  of 
recarbonation;  and,  this  stage  passed,  the 
amorphous  carbonate  of  lime  seems  to 
have  become  gradually  transformed  bf 
the  joint  agency  of  water  luid  carbonic 
acid  into  more  or  less  perfectly  crystallized 
deposits  or  concretions,  by  virtue  of  which 
its  binding  properties  must  haye  been 
very  considerably  augmented. 

Analysis  of  the  Soman  mortar  and  of 
the  red*  bricks,  or  tiles,  gave  the  following 
results: 

Raman  Mortar  from  &  E,  Tower^  Burgk 

I 

Sand 64.60 

Soluble  silica. 0.40 

Red  brick  with  some  unbumt  day  18w00 

Carbonate  of  lime 26.75* 

Sulphate  of  lime 0.16 

Carbonate  of  magnesia. 0.08 

Chloride  of  sodium 0.06 

Magnetic  oxide  of  iron traces 

Wo^  charcoal traces 

Water,  chiefly  hygroscopic. 0.92 

99.86 


IV. 
67.0 


27.7     28.6      83.0 


Samples  of  Burgh  Mortar. 

n.    nL 

Sand  and  brick,  with  \ 

a    little     unbumt  [•72.3      71.4 

clay 

Carbonate    of    lime,  [ 

etc.  (by  difference) 

Samples  IL  and  IIL  taken  from  the 
south  walL  Specimen  IV.  from  the  north 
walL 

Red  Brick  (yr  TUefrcm  8.  E.  Tower,  Burgh. 

Silica 72.7 

Alumina 14.0 

Peroxide  of  iron 10.0 

Lime... 2.1 

Masruesia traces 

Oxide  of  manganese traces 

Loss. 1.2 

100.0 


Q1 TEEL-HEADED  Rails.— The  Montour 
O  Iron  Works  at  Danville,  and  Cooper 
and  Hewitt  at  Trenton,  are  producing  pud- 
dled steel-headed  rails  of  good  quality^ 
and  filling  large  orders. 

•  IVmnd,  lime  14.6,  oarboolo  add  ILU  par  oenl. 


▼AN  NOSTBAKD'S  ENGINEERING  MAGAZINE. 


65 


B05  STEAMSHIPS  AND  HOW  TO  BUnj)  THEM. 

The  days  of  wooden  htills  and  sailing 
Teaeels  are  nmubered.  The  iron  hull, 
nro|>erl7  constructed,  outlasts,  perhaps, 
half  a  dozen  wooden  hulls — ^the  Erst  iron 
ahipsy  if  not  running  to-day,  were  only 
broken  up  because  they  were  too  old- 
fuhioned.  The  iron  hull  greatly  in- 
creases strength,  durability,  carrying 
room,  and  capacity  for  fine  Hnes,  heavy 
enginery,  and  consequent  high  speed, 
with  a  given  displacement.  And  regu- 
larity of  arrival  and  departure,  and  the 
consequent  economical  regulation  of  all 
associated  business  transactions,  have 
rendered  steamships  preferable  to  sailing 
ships,  even  to  carry  coal,  which  of  aU 
freights  can  afford  to  wait.  Wind  costs 
nothing,  but  time  is  money,  and  steam 
and  time,  like  power  and  heat,  are  con- 
vertible terms.  Few  if  any  sailing  or 
wooden  vessels  are  building  in  Great 
Britain,  and  our  leading  constructors  and 
merchants  admit  that  iron  steamship 
building  must  be  the  leading  feature  in 
the  resurrection  of  our  ocean  supremacy. 

The  history   of  iron  ship-building  in 
Great  Britain  is  full  of  instniction,  and  if 
our  builders  are  wise,  they  wlQ  profit,  not 
only  by  the  mistakes,  but  by  the  talent 
and  experience  of  European  constructors. 
The  early  iron  ships  were  well  built,  of 
plentiful  and  good  material,  but  not  with 
the  greatest  economy  of  it,  and  many  of 
them  are  running  to-day.     Their  wonder- 
ful endurance  in  sea-ways  and  on  lea- 
shores  is  proverbial  Afterwards  the  busi- 
ness was   overdone,  just  as  locomotive 
building  was  in  this  coimtry  a  few  years 
ago,  and  as  a  result  cheap  and  bad  work; 
Royal  Charters  and  Connaughts  were  put 
afloat  to  the  peril  of  money  as  well  as  Hfe.  I 
And  at  last  science  came  to  the  rescue;' 
less  material  is  so  placed  as  to  insure' 
greater  strength,  and  people  are  begin-] 
ning  to  pay  good  prices  and  to  get  good  j 
work  out  of  good  ships.     The  successful, 
transatlantic    compames  do    not    go  to. 
second-class  builders;  they  cannot  afford 
to  run  cheap  ships. 

There  are  no  second-class  iron  ship- 
builders in  this  country  yet,  and  this  is 
the  promising  feature  of  the  enterprise. 
If  our  builders  never  turn  out  bad  work, 
they  and  our  merchants  and  the  public 
will  be  vastly  the  gainers  in  the  end.  We 
better  postpone  iron  ship-building 


another  decade  than  to  lower  the  standard 
of  American  work. 

And  still  greater  reforms  and  improve- 
ments must  be  introduced.  Thick  plates 
and  costly  material,  piled  into  places 
where  they  cannot  work,  must  be  aban- 
doned. A  rib  placed  where  it  can  receive 
a  maximum  strain,  costs  no  more  than  a 
rib  placed  where  it  is  merely  dead  weight. 
A  ship  is  primarily  a  beam.  As  a  beam 
it  receives  every  strain  of  the  sea.  Now, 
a  bridge  or  any  girder  made  up  of  a  thin, 
light  web,  running  from  end  to  end,  and 
great  vertical  parts  without  longitudinal 
connection,  would  hardly  sustain  itsell 
Yet  a  ship  so  constructed  is  expected  to 
hold  up  the  enormous  weight  of  its  un- 
supported ends  every  time  Siey  overhang 
the  trough  of  the  sea,  and  of  its  partially 
supported  middle  every  time  the  ends  are 
buried  in  the  waves — a  constant  and 
powerful  vertical  and  lateral  strain  upon 
every  loint  in  the  hulL  The  great  strain 
on  a  ship  is  the  perpetual  pulling  apart 
and  shutting  together  of  its  bottom  and 
deck  in  a  longitudinal  direction,  and  yet 
the  greater  number  of  iron  ships  have 
been  built  without  sufficiently  strong  bot- 
toms and  without  any  top  strengSi  ex- 
cept their  sides.  Many  ships  have  first 
broken  apart  at  the  top  sides  and  then 
gone  to  pieces.  Heavy,  continuous  iron 
decks  along  the  sides  have  partiallv  reme- 
died this  evil.  But  the  grand  reform  in 
this  direction  is  to  make  the  frames,  the 
ribs  of  the  vessel,  longitudinal  instead  of 
vertical.  Now,  they  are  chiefly  studs 
upon  which  to  nail  the  siding.  By  mak- 
ing them  continuous  from  end  to  end, 
they  perform  every  present  function  and 
add  their  enormous  strength  in  the  direc- 
tion of  the  greatest  strain.  Some  genius 
has  objected  to  the  longitudinal  nb  sys- 
tem because  the  ribs  of  fishes  are  vertical. 
But  while  the  rolling  top  of  the  sea  forms 
a  constantly  varying  support  for  a  ship,  a 
fish  swims  in  a  imiform  medium  that 
would  not  bend  a  reed — ^not  on  the  water, 
but  under  it — and  it  has  been  observed 
that  ships  built  like  fishes  have  a  ten- 
dency to  do  the  same  thing. 

If  our  iron  ship-builders  will  place  our 
superior  iron  only  where  it  can  work,  so 
as  to  use  less  of  it,  they  can  at  once  and 
successfully  compete  with  foreign  build- 
ers in  cost  and  quality,  and  so  revive  not 
only  our  workshops,  but  our  merchant 
marine. — New  York  Times. 
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PCESEKVLXG  TOIBEB. 

The  chief  caase  of  the  decay  of  timber 
lies  in  the  fermentation  or  decomposition 
of  the  albaininons  matter  contained 
therein.  This  matter  may  be  neutralized 
by  chemical  agencies,  as  by  the  well- 
known  proces7»es  of  Bomettizing,  Creosot> 
in?,  etc.,  or  it  may  be  coagulated  and  • 
destroyed  by  beat,  which  also  hardens 
the  wood.  The  charring  plan  is,  however, , 
for  obvioas  reasons  inapplicable  for  gene- 
ral use.  The  albumen  may  also  be  ex- 
pelled or  nullided  by  thoroughly  steam- 
ing the  wood. 

Says  the  "  Amencan  Artisan  " :  Where 
time  can  be  allowed  therefor,  it  will  be  ; 
found  quite  efficacious,  and  more  econom- 
ical, to  saw  the  timber  to  sizes  but  little 
larger  than  those  to  which  it  is  to  be 
wrought,  and  then  place  it,  for  a  few  weeks 
or  months,  in  a  stream  or  pond,  where 
the  water  will  gradually  dissolve  and 
wash  away  the  nitrogenized  or  albumin- 
ous substances.  The  wood  must  then  be 
thoroughly  dried  slowly,  as  a  too  speedy 
expulsion  of  the  moisture  would  he  apt 
to  induce  checking;  the  ordinary  method 
of  piling  the  stuff  is,  however,  sufficient. 
the  pieces  of  timber  being  kept  at  slight 
distances  from  each  by  suitable  interven- 
ing strips,  and  the  whole,  when  possible, ' 
protected  from  the  sun  and  from  strong ; 
currents  of  air.  Inasmuch  as  the  mois- 
ture will  pass  off  less  readily  as  the  pores 
at  the  surface  of  the  wood  become  closed 
by  drying,  it  is  well  to  complete  the  sea- 
soning s^'stem  by  a  process  of  kiln-drv-ing, . 
which  at  this  stage  will  not  check  the 
timber. 

The  method  of  creosoting  timber, ' 
which  was  lately  invented  by  Professor 
Seeley,  of  New  York,  consists  of  subject-  ' 
ing  the  wood  to  be  saturated  to  a  tem- 
perature of  about  230°,  while  in  a  bath 
of  creosote  oiL  for  a  sufficient  time  to 
expel  all  the  moisture,  and  to  coagulate 
the  albuminotis  matters  of  the  wood. 
When  the  pores  are  thus  freed  from  the 
water,  an>l  contain  only  steam,  a  cold 
bath  is  substituted,  so  far  as  to  reduce 
the  temperatiu-e  from  230°  to  Co®  or  70^, 
bj  means  of  which  change  the  steam  in 
the  pores  of  the  wood  is  condensed,  and 
a  vacuimi  formetl,  into  which  the  oil  is 
forced  by  an  atmos|)heric  pressure. 

The  process,  says  the   "  Detroit  Post,*' 
kas  all  the  advantages  of  the  method 


j  which  has  been  in  use  in  England  and  on 
i  the  Continent  for  many  years  (and  ex- 
'  perience  has  demostrated  that  creosoted 
timber  is  still  sound  after  being  in  use 
more  than  22  years  >,  and  is  much  more 
simple  in  its  application,  and  conse- 
quently more  economical  and  expedi- 
tious than  the  English  process. 

Among  the  advantages  claimed  is  the 
very  important  one  that  green  wood  can 
,  be  treated  as  successfully  as  dry.  The 
apparatus  for  creosoting,  which  has 
already  been  shipped  to  the  Flats,  and  is 
now  being  erected  on  the  dikes  of  the 
canal,  was  built  in  this  city,  and  consists 
of  a  cylinder  -ko  feet  long  and  8  feet 
;  diameter,  with  a  steam  coil  in  the 
bottom  and  a  movable  head.  The  cylin- 
der rests  upon  substantial  timbers,  and 
when  the  head  is  removed  the  lumber  is 
nm  into  the  tank  upon  trucks.  In  addi- 
tion, there  are  2  receiving  tanks  for  oil, 
each  15  ieei  in  diameter  and  G  feet  high, 
with  engine  and  boiler,  connecting  pipe, 
pumps,  etc- 

It  is  expected  that  this  process  will  be 
applied  to  the  timber  to  be  used  in  the 
government  works  about  to  be  begun  at 
Toledo.  Mr.  Pclton  has  aLso  similar 
works  now  in  successful  operation  at 
Chicago  for  treating  railroad  tics  and 
dock  timber. 

The  Chicago,  Burlington,  and  Qnincy 
Railroad  Cv»mpany  are  preserving  aU  their 
sltropers.  They  have  at  the  Aurora  shops 
a  tank  of  boiler  iron  10  feet  square  and 
7  feet  deep.  This  is  filled  with  ties 
and  clofi<-d  with  a  tight  cover,  when  car- 
bolic acid  sufficient  to  cover  them  is  let 
in,  and  raisvil  to  a  temperature  of  245° 
by  the  application  of  steam.  Here  the 
ties  remain  for  30  hours,  at  the  close  of 
which  they  are  thoroughly  permeated 
with  the  carbolic  acid  ami  become  as 
black  as  charcoal 

As  to  the  duration  of  creosoted  sleepers, 
the  "  Railway  News  "  says  :  According  to 
experiments  and  accurate  records  kept 
in  Germany,  sleepers  of  uncreosoted  or 
naturiU  oak  last,  upon  the  average, 
15  years.  By  creosoting  or  impregnat- 
ing them  with  other  preserving  substan- 
ces, they  endure  for  upwards  of  22 
years.  From  the  same  authority  we 
learn  that  creosoted  fir  sleepers  have  a 
duration  of  about  13  years,  while  pine 
and  lH\»oh  will  not  last  longer  than  9. 
The  lighter  description  of  tra^c  prevail- 
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ingorer  the  Qerman  lines,  which  haye 
famished  the  above  results,  is  the  real 
oaose  of  the  sleepers  lasting  so  long. 
It  is  needless  to  remark  that  upon  our 
heavily  worked  railways  they  do  not 
enjoy  so  long  a  life,  bat  succumb,  in  the 
majority  of  instances,  to  wear  and  tear 
in  about  half  the  time,  and  in  many  in- 
stances much  sooner. 


UQUID  FUEL— DOBSETTS  SYSTEM. 

BEBULT    OF    ETPBRr>utfi'n^    OK    THE    8TEAUSB 
BETBDCVKB. 

This  system  of  burning  liquid  fuel  un- 
der boilers,  says  the  "  Mechanics'  Maga- 
zine," is  extremely  simple  in  its  details; 
it  consists  of  a  generator,  which  is  nothing 
more  than  a  small  portable  vertical  boiler, 
in  which  the  creosote  is  vaporized  under  a 
pressure  of  from  35  pounds  to  40  pounds 
(932^),  the  vax>or  being  led  through  a 
jHpe  to  the  funiace  of  the  steam  boiler, 
under  which  it  is  burned  in  jeta 

In  the  trial  of  this  system  on  the  steam- 
er Retriever,  of  90  nominal  horse  power 
and  500  tons  burden,  there  were  2  of  these 
generators,  which  were  placed  on  the  deck 
of  the  vessel  against  the  boiler  casing,  the 
pipes  being  carried  down  from  them  to 
the  boiler  fumace&  The  creosote  is 
pump^  into  the  generator,  a  shovelful 
of  Hve  coal  is  placed  under  it,  and  as 
soon  as  the  vapor  begins  to  distil  over, 
it  passes  down  a  pipe  into  the  fur- 
nace of  the  generator.  There  it  issues 
from  perforations  in  the  pipe,  and  contin- 
ues the  duty  commenced  by  the  coal, 
and  suppUes  the  vapor  to  the  boiler  fur- 
nace. 

The  adaptation  of  the  coal  furnace  of  the 
Retriever  to  the  purpose  of  burning  liquid 
fuel  was  effected  by  removing  the  furnace 
baurs  and  filling  the  ash-pit  with  two  lay- 
ers of  perforated  fire-bricks.  The  appara- 
tus is  more  fully  described  in  "  Engineer- 
ing" as  follows:  About  3  inches  above  the 
floor  of  each  ash-pit  is  placed  an  iron  plato, 
which  extends  the  full  length  of  the  fur- 
nace, and  is  curved  slightly  upwards  at 
the  inner  end,  where  it  projects  into  the 
return  box.  At  a  distance  of  3  inches 
above  this  plate  is  nlaced  another  shorter 
plate,  this  latter  being  perforated,  and 
Deing  covered  with  a  layer  of  fire-bricks 
placed  loosely  on  it  At  the  front  end  the 
space  between  the  2  plates  is  closed  by  per- 


forated bricks, which  admit  a  certain  supply 
of  air,  and  at  the  inner  end  it  is  blocked 
up  altogether,  so  that  any  air  entering 
through  the  perforated  bricks  just  men- 
tioned can  only  find  its  way  into  the  fur- 
nace by  rising  through  the  perforations  in 
the  upper  phite  and  through  the  inter- 
stices of  the  layer  of  bricks  by  which  that 
plate  is  covered.  The  air  passing  in  be- 
tween the  lower  plate  and  the  bottom  of 
the  ash-pit  is  conducted  right  through 
into  the  return  box  for  the  supply  of  the 
jets  of  vapor  placed  there,  and  the  amount 
thus  admitted  is  regulated  by  closing  the 
front  of  the  opening  to  a  greater  or  less 
extent. 

The  branch  pipe  led  into  each  furnace 
makes  a  single  long  convolution  just 
above  the  layer  of  bricks  already  men- 
tioned, and  then  returns  to  the  front  of 
the  boiler,  and  is  connected  to  another 
pipe  which  is  provided  to  discharge  any 
creosote,  etc.,  which  may  condense  in  the 
pipes.  Each  pipe  is  provided  with  inde- 
pendent inlet  and  disdiarge  cocks.  Each 
of  the  pipes  in  the  furnace  is  pierced  with 
4  holes  rather  more  than  ^  inch  in 
diameter,  and  the  pipe  carried  transverse- 
ly through  the  return  box  is  pierced  with 
8  similar  holes,  these  being  placed,  2 
opposite  the  end  of  each  furnace,  and  1 
over  each  of  the  water  bridges  between 
the  furnaces.  The  boiler  is  thus  heated 
by  20  jets  altogether,  of  which  the  set  of 
8  in  the  return  box,  or  each  set  of  4  in  the 
furnaces,  can  be  worked  independently. 
When  the  vapor  is  first  turned  into  the 
pipes  a  portion  of  it  is  of  course  condensed, 
and  this  portion  is  blown  off  through 
the  discharge  pipe  already  mentioned. 
As  soon  as  the  pipes  become  heated  the 
discharge  cock  is  closed,  and  it  is  after- 
wards only  opened  occasionally  to  get 
rid  of  any  liquid  that  may  have  accumu- 
lated in  the  pipes. 

Daring  the  preliminary  trip  of  the  ves- 
sel, the  steam  was  maintained  at  the 
usual  working  pressure,  and  it  was  stated 
that  the  vessel  made  1  knot  more  per  hour 
than  she  had  been  accustomed  to  make 
!  with  coaL  The  consumption  of  creosote 
,  was  between  35  and  40  gallons  per  hour, 
as  against  8  cwt.  of  coal,  and  considering 
that  the  present  price  of  creosote  is  only 
about  1  penny  per  gallon,  a  great  sav- 
ing was  apparent. 

I      The  official  report  of  Dr.  Paul  on  a  sub- 
,  sequent  trial  trip,  contains  the  following 
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potmds  per  pound  of  <nl  burnt  may  be 
realized. 

Bat  haTing  regard  only  to  the  resnlt 
actually  obtained  at  present,  it  will  be 
seen  ihai  the  evaporative  duty  realized  in 
the  trial  is  about  100  per  cent,  greater 
than  that  ordinarily  obtained  with  an 
eqoal  weight  of  coal  in  steam  vessels — 
that  is  to  say,  a  duty  of  about  7  pounds 
per  pound  of  coal  consumed.  Therefore 
the  weight  of  oil  required  to  fuel  a  vessel 
would  be  only  one-half  that  required  of 
coal,  or  the  weight  of  fuel  to  be  carried 
would  be  only  one-half  as  much  as  when 
coal  is  used.  Then  taking  the  ton  of  coal 
as  stowed  on  board  a  vessel  to  occupy  43 
cubic  feet  and  the  ton  of  oil  as  occupying 
34  cubic  feet,  the  quantity  of  oil  equiva- 
lent to  1  ton  of  coal,  would  occupy  only 
17  cubic  feet,  so  that  the  saving  in  stow- 
age space  would  amount  to  60.4  per  cent, 
of  the  space  required  for  coaL 


COXSTBUCnON  OF  LOCOMOHYES  IN  GER- 
MANY. 

BY  M.  S.  STUTZ,  0.  E. 

From  the  date  of  the  Universal  Ex- 
hibition of  1855,  where  for  the  first  time 
they  saw  German  locomotives,  the  atten- 
tion of  French  engineers  has  been  awak- 
ened and  drawn  towards  a  particular 
class  of  these  engines.  Since  then  the 
Germans  have  made  further  progress,  as 
Uie  Exhibition  of  1867  has  proved,  in 
showing  us  a  series  of  locomotives,  the 
elegance  and  finish  of  which  excited  gen- 
er jJ  remark.  The  general  design  of  these 
machines  has  been  sufficiently  described 
by  Mons.  Jules  Gkiudry,  engineer  of  the 
Eastern  Railway,  in  the  Studies  in  the  Ex- 
hibition  of  1867,  where  our  readers  can 
find  full  accounts  of  them.  What  we  now 
propose  to  consider  are  certain  new  dis- 
positions and  details,  which  constitute  a 
real  progress;  and  in  this  we  shall  avail 
ourselves  of  a  report  read  by  Mons.  De 
Leoben,  in  a  reunion  of  the  engineers  of 
the  district  of  Stettin. 

The  German  engineers  have  labored  to 
reduce  the  construction  of  locomotives  to 
the  utmost  simplicity,  especially  the 
mechanism  for  the  distribution  of  steam. 
From  this  has  resulted  a  general  disuse 
of  separate  expansion  valves.  On  the 
other  side,  there  has  been  a  disposition 


to  make  new  trials  of  balanced  valves; 
the  results  of  which  appear  very  satis- 
factory. 

The  application  of  the  simple  link  of 
Stephenson  has  become  general;  except- 
ing some  cases  in  which  Allan's  straight 
link  is  used.  But  still  the  valve  gear  of 
Heusinger  de  Waldegg  is  often  used.  Li 
this  the  link  is  worked  on  a  fixed  centre 
by  one  eccentric;  and  the  lead  is  taken 
from  the  cross-head.  The  two  first  pro- 
duce by  a  single  valve  with  sufficient  lap, 
a  variable  expansion  that  is  regarded  as 
satisfactory. 

There  is  a  tendency  to  substitute  the 
screw  for  the  simple  reversing  lever  and 
catch-plate.  A  screw,  one-h^  which  is 
right  and  the  other  half  left,  is  used.  The 
right  part  works  in  a  fixed  nut,  so  that 
the  screw  advances  as  it  turns;  and  the 
left  part  works  in  a  nut  to  which  the  revers- 
ing rod  is  jointed,  so  that  this  nut  travels 
twice  as  fast  as  it  would  if  a  single  screw 
of  the  same  pitch  were  used.  Pour  turns 
of  the  screw  are  sufficient  to  reverse  an 
ordinanr  engine. 

For  ^ding,  the  injector  is  more  and 
more  superseding  pumps,  even  independ- 
ent steam  pumps.  Its  advantages  are 
that  it  works  wim  certainty,  and  needs  no 
repairs.  Herr  Krauss,  constructor,  of 
Munich,  has  reduced  this  instrument  to 
extreme  simplicity.  The  watw  flows  in  a 
straight  line  from  the  tank  into  the  boiler. 
There  is  no  movable  cone  to  regulate  the 
influx  of  water;  nor  is  there  any  movable 
coned  needle  to  regulate  the  admission  of 
steam.  The  steam  nozzle  enters  the 
water  chamber,  and  bends  into  centre 
line  at  the  point  best  for  general  work- 
ing, and  thus  the  whole  instrument  is 
soUd;  all  its  parts  are  immovable,  and 
there  cannot  be  derangement  from  wear 
of  packing,  or  other  delicate  and  costly 
adjuncts  of  the  original  injector.  It  is 
screwed  into  the  fire-box  behind,  and  the 
water  is  spread  aroimd  by  the  flat  disc 
check  valve  inside,  so  that  it  does  not 
flow  against  the  fire-box  plate.  A  cock 
close  behind  the  water  chamber  shuts  off 
and  regulates  the  flow  of  water;  and  a 
stop  valve  at  the  boiler  regulates  the  ad- 
mission of  steam,  and  the  instrument  it- 
self is  almost  as  simple  as  a  cock.  To 
start  it  the  water  cock  is  first  opened,  and 
then  tlie  steam  is  admitted  gradually, 
after  which  the  admission  of  water  and 
steam  can  be  regulated  as  required  by  the 
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cock  and  steam  valve.  Bat  it  will  not 
draw  up  the  water;  the  tank  must  be 
above  the  level  of  the  injector,  so  that  the 
water  will  ilaw  in  by  gravitation.  The 
usual  place  for  the  injector  iB  under  the 
foot-plate. 

It  remains  to  observed  that  the  modifi- 
cation  of  Herr  Krauss'  permits  of  feed- 
ing with  hot  water,  an  advantage  which 
the  first  injectors  rendered  impossible.* 

As  to  the  boiler,  the  junction  of  the  bar- 
rel with  the  tire-box  shell,  formerly  made 
bjan  angle  iron  ring,  is  now  made  directly, 
a8  making  the  sure  at  and  tightent  union. 
For  this  purpose  the  front  plate  of  the 
fire-bos  shell  is  Hanged  to  receive  the  bar- 
rel The  flanges  are  shai'ply  turned  To 
I  provide  ample  steam  room,  and  to  facih- 
tate  the  cleaning  of  the  crown  sheet,  the 
I  outer  croA^Ti  is  raised  12  to  16  inches  above 
the  barrel 

The  pressure  is  generally  SJ  atmoa- 

ipheres,  sometimes  10  atmospheres,  on  the 

[gauge.     It  is  subjected  to  severe  super- 

"  fion,  by  the  aid  of  special  manometers 

ich  show  exactly  how  high  the  pressure 

ias  been.     The  manometers  are  patented 

by  Herr  Sammann,  an  engineer  of  Bres- 

latt,  and  manufticttirod  by  Grutzmacher 

&  Bock,  of  Magdebourg, 

In  the  construction  of  fireboxes  only 
copper  plates  are  now  used.     Iron  fire- 
L  boxes  are  completely  abandoned,  on  ac- 
[count  of  numerous  inoonvoniences  they 
linvolve.     These    inconveniences,  it   was 
llioped,  woidd  be  avoided  by  using  cast- 
1  fiteel  plates,  which  might  bear  the  pressure 
■  better ;   but  the  tinals   made  have  given 
results  that   are  but  little   satisfactory. 
The    inequality  in  the    manufactui^e   of 
these  plates,  which  are  too  hard  and  brit- 
tle   or   too   soft,  is,  without  doubt,  the 
cauae  of  this  failure.    But  notwithstand- 
ing the  ill  success,  several  German  and 
Austrian  companies,  for  the  sake  of  di- 
minishing the  weight  of  their  engines, 
persist  in  using  cast-steel  plates  for  the 
construction  of  boilers. 

The  iron  boilers  are  made  of  plates  .45 
minimum  and  .62  inch  maximum  thick- 
ness; while  the  thickness  of  the  cast-steel 
plates  varies  from  .^2  to  A  inck    For 
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I  pressures    above    8J     atmospheres    the 
lengthwise  joints  are  double  riveted. 

The  staying  of  the  firebox,  especially 
the  crown  of  it,  merits  the  greatest  atteiK 
tion.  Besides  the  ordinary  stays  of  thi  ^ 
crown,  there  are  4  rods  which  unk  togen 
ther  the  front  and  back  plates,  and  8  loi 
rods  fi^om  the  back  plate  to  the  smoke* 
1k)x  plate.  This  mode  of  staying  haa  ^ 
ways  given  perfect  security,  and  nev' 
needed  repairing. 

The  use  of  hollow  stays  for  the  sidea 
of  the  firebox  has  given  eroellent  resultai 
and  is  becoming  general  The  perfora^i 
tion  is  an  easy  and  sure  means  Ui  detect 
the  rupture  of  stays,  and  generally  givea 
warning  of  decay  before  it  results  in  rup- 
ture. To  provide  for  cases  of  rupture,  it 
is  necessary  to  stop  the  holes  at  the  inner 
ends,  so  that  steam  or  water  may  not 
enter  the  firebox,  and  extinguish  or  idack- 
en  the  fire. 

In  putting  into  practice  this  idea  of  per-j 
f orating  the  stays,  some  difficulties  werdi 
met,  consisting  chiefly  in  the  drilling  of 
very  small  holes,  .12  to  .2  inches  diame- 
ter, and  the  whole  length  of  the  stays: 
but  an  entirely  satisfactory  solution  waa 
found  in  a  mackine  which  drilled  from 
the  ends  t<)  the  centre,  thus  shortening 
the  drills,  and  also  shortening  the  timi 
necessary  for  the  work.  The  stay  is  held 
in  a  hollow  arbor  between  the  two  drills; 
the  arbor  turning  380  times  per  minute, 
while  the  drills  turn  in  the  opposite  di-i 
recti  on  C80  times,  making  a  total  speed 
of  1,000  turns  per  minute  for  the  drilling. 
With  this  machine  a  man  drills  70  to  80 
stays  per  day.  The  macbine  consists  of 
a  lathe  bc^d,  on  which  the  bearing  of  cen- 
tral arbor  is  fixed,  and  the  two  drilling 
arbors  are  made  to  traverse  by  a  right* 
and-luft  screw. 

Another  con%'enient  tool  is  used  to  OfUl 
off  the  ends  of  the  stays  after  they  are 
screwed  in.  It  haa  two  cutting  knives  or 
chisels,  one  of  them  fixed,  tJie  other 
moved  up  to  its  work  by  a  screw.  A. 
washer  in  put  on  the  end  of  the  stay,  to 
determine  the  length ;  the  tool  is  then  put 
on,  and  pressed  up  to  the  washer;  the 
screw  IB  then  turned  by  a  hand-lever,  and 
the  cutters  approach  each  other,  cutting 
off  the  waste  end.  One  man  cuts  with 
this  tool  more  than  3  men  can  cut  in  the 
old  way,  and  there  is  no  blow  or  strain 
to  injure  the  work. 

In    the  manufacture  of  tubea  iron  is 
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BOW  much  used.  These  tubes  have  thus 
far  giren  good  results.  Their  outside 
diameter  is  from  L28  to  2.08  inches.  The 
joints  at  the  tube  plates  require  always 
great  care.  Several  trials  of  cast-steel 
tubes  have  given  equally  ^ood  results, 
and  they  allow  a  reduced  thickness. 

The  wheels  are  generally  of  wrought- 
iron,  in  one  piece,  with  the  boss  and 
counterweight  The  tires  are  of  cast-steeL 
Notwithstanding  several  cases  of  rupture 
during  the  extreme  colds  of  winter,  the 
results  of  cast-steel  tires,  in  durability 
and  economy,  leave  little  to  be  desired. 
The  use  of  steel  less  hard  and  brittle,  in 
cold  dimateg,  will  certainly  prevent  rup- 
tures. 

The  forges  of  Borsig,  at  Berlin,  have  ac- 

auired  a  high  reputation  in  Germany  for 
[ie  manufacture  of  wrought-iron  wheels. 
And  BO  with  the  steel  tires  from  the 
Works  of  Krupp,  at  Esson,  which  have 
furnished  enormous  quantities  for  all 
parts  of  the  world. 

Disc  wheels  with  circular  corrugations 
are  frequently  used  on  tenders.  They 
are  of  cast-steel,  in  one  piece,  tire  includ- 
ed. They  have  certain  advantages  as 
compared  with  other  wheels.  They  are 
made  by  the  Company  of  Mines  and  Steels 
of  Bochum  in  Westphalia. 

It  is  necessary  to  observe  that  these 
wheels,  like  those  with  steel  tires,  have 
inconveniences  as  well  as  advantages.  It 
is  necessarv  to  true  the  tires  or  rims  that 
hare  lost  their  shape.  To  do  this,  instead 
of  turning  them,  the  Cologne  and  Minden 
Railway  Company  use  grindstones.  The 
wheels  are  put  in  a  lathe,  and  made  to 
turn  slowly,  about  once  per  minute,  while 
a  grindstone  turns  against  the  rim  about 
500  to  800  times  per  minute,  according 
to  its  diameter:  500  turns  for  a  diameter 
of  25  to  30  inches.  The  stones  are  coarse- 
grained, about  4  inches  thick.  They  work 
best  dry;  but  when  used  dry,  it  is  neces- 
sary, for  the  health  of  the  men,  to  use  a 
fan  to  blow  away  the  dust. 

The  axles  of  the  German  engines  are 
all  of  cast  steel;  so  are  the  connecting- 
rods,  and  generally  the  coupling-rods, 
and  also  the  other  chief  parts,  as  the 
engines  of  Borsig  have  shown  us.  Steel 
allows  great  reduction  of  dimensions,  and 
the  attainment  of  extreme  lightness— an 
essential  condition,  especially  for  high- 
speed passenger  engines 

The    pistons     are    of    wrought-iron. 


forged  on  the  Swedish  system,  often  in 
one  piece  with  the  piston-rod.  Two  pack- 
ing rings  are  used,  sometimes  of  cast- 
iron,  sometimes  bronze.  A  counter  pis- 
ton-rod (contre-tige)  is  frequently  used. 
These  counter-rods  are  sometimes  of 
cast-steel,  and  forged  solid  with  the  pis- 
ton. 

The  speed  of  pistons  varies  between 
6.4  and  8.8  inches  per  second.  Though 
this  speed  is  far  from  the  maximum,  it  is 
rarely  exceeded  up  to  this  time. 

The  question  of  the  lubrication  of 
valves,  also  of  pistons,  has  much  occupied 
engineers ;  and  has  been  practically 
solved  by  the  system  of  Kesler.  This 
system,  which  works  automatically,  and 
very  regularly,  is  applicable  to  many 
uses,  and  appears  to  save  a  third  of  the 
oil,  while  it  insures  abundant  lubrica- 
tion. 

The  diameter  of  steam  cylinders  is 
from  13  to  20  inches.  The  lengtii  of 
stroke  is  from  20  to  26  inches,  and  rarely 
attains  to  28  inches.  On  these  dimen- 
sions, that  is,  on  the  volume  of  steam 
used  in  a  given  time,  depends  the  force 
of  the  engine.  Very  intimately  connect- 
ed with  the  cylinders,  relatively  to  the 
work  to  be  done,  or  that  which  comes  to 
the  same  thing,  the  quantity  of  steam  to 
be  used,  is  the  heating  surface  which 
produces  the  steam.  The  surface  is 
made  as  large  as  possible,  and  varies  be- 
tween 914  and  1,882  square  feet  of  which 
tV  ^^  iV  ^s  tiro  box  surface. 

The  grate  surface,  generally  arranged 
for  common  coal,  is  equal  to  from  J^ 
to  -gig.  of  the  heating  surface.  For  wood 
the  grate  surface  is  still  larger. 

Among  the  numerous  inventions  to 
bum  smoke,  that  of  Tembrink-Bonnet 
has  had  many  applications ;  •  and  has 
given  good  results,  especially  when  the 
feed-water  has  been  good.  Thierry's 
system  has  equaUy  been  applied.  But  no 
decision  has  been  made,  relative  to  the 
general  application  of  these  systems. 

A  good  disposition  of  the  chimney,  rel- 
ative to  the  draft,  to  stimulate  the  gen- 
eration of  steam  as  much  as  possible,  is 
very  important.  To  this  effect  the  sys- 
tem of  Prussman,  composed  of  two  trun- 
cated cones  united  at  their  small  ends,  is 
frequently  applied.  This  seems  much 
like  the  blast  pipes  in  many  English  en- 
gines. 

As  to  the  weight  on  driving  wheels^  it 


18  admitted  generally,  for  rails  5,2  incbcB 
high  hj  2A  breadth  of  head,  that  Vd  tons 
{13»000  kilog. )  shoidd  be  the  maximum 
weight  for  axle;  consequently  the  num- 
ber of  coupled  wheels,  whether  4,  6,  or  8, 
to  ntilize  the  weight  for  adhesion,  consti- 
.  tuto  the  foundation  of  the  power  of  the 
engine;  that  is,  they  determine  the  loa^is 
that  can  be  drawn  up  the  grades  that 
have  to  be  surmountei 

To  couple  more  than  3  axles,  or  6 
wheels,  does  not  appear  very  practical, 
on  account  of  the  too  many  joints  be- 
tween them,  giving  rise  to  complicated 
constmetion,  and  the  hability  to  rapid 
wear  on  short  curves. 

Some  constructors  have  renewed  the 
attempt  to  utilize  the  total  weight  of 
locomotives  for  adhesion;  and  with  this 
view  they  have  constructed  engines  with 
only  two  axles.  In  this  plan  there  are 
great  difficulties  to  b6  overcome,  which 
will  ever  remain  a  serious  obstacle,  above 
all  to  freight  engines,  in  which  it  is 
required  to  obtain  a  maximum  of  weight 
for  adhesion. 

Tank  engines  do  not  appear  to  be  eco- 
nomical, e3vc*-pt  for  short  lines,  or  for 
switching.  Tbe  diminution  of  weight  as 
the  water  and  fuel  are  consumed  renders 
them  extremely  defective  for  long  lines, 

A  sy«tt*m  of  construction  of  locomotives 
very  fi-equently  followed  of  late  yeara, 
deserves  to  be  mentioned  here.  We 
spejik  of  the  system  of  Hall,  which  is 
mstinguished  by  putting  the  frame  plates 
ouUide  the  wheels,  instead  of  inside,  as  in 
usual  practice.  This  disposition  gives 
rf>om  for  a  wider  firebox,  and  allows  the 
boiler  to  bang  lower,  and  to  rest  on  n 
wiilor  spriuii  base  than  usual;  the  two 
ant  advantages,  since  till *y 
.  k  r  mo  re  nie  u  t  by  a  vo  iding 

Ajnnng  tbo  objections  to  this  system,  it 
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not  appear  well  foumded  beyond  a  certain 
point 

As  to  the  outside  crank,  the  Universal 
Exhibition  ahowed  some  modifications  ol 
it,  by  the  Meyers,  engineers  of  ^Iulhous©» 
which  offer  the  best  solution  of  thia 
inconvenience,  objected  to  in  Halloa 
Meyer  forges  the  outside  crank  solid  on 
the  axle,  and  makes  the  eye  of  the  wheel 
so  large  that  the  cranJk  can  be  put 
through  it. 

Tbe  widths  in  these  engines  are  as 
follows  for  German  railways  :  For  6- 
coupled  fi*eight  exigines,  between  the 
c^mtres  of  wheels  or  rails,  60  incheSi 
between  the  frame-plates  or  springii, 
centres,  71. G8  inches;  between  cylinder 
centres,  93.28  inches.  For  x^^^^^^^^f 
engines  with  independent  wheels,  be- 
tween wheels  and  frames  the  same  aa 
above;  between  cylinder  centres  86,88 
inches. 

Several  other  gy stems  to  ascend  steep 
grades  have  been  tried.  We  observe 
among  them  a  disposition  having  some 
analogy  to  the  chain  warping  on  the 
Seine.  It  consists  in  laying  between  the 
rails,  for  ihe  whole  length  of  the  incline, 
a  strong  plaited  rope,  which  winds  around 
the  driving  axle,  (a  separate  axle  special- 
ly for  the  rope  ?)  in  the  same  way  as  in  the 
warpers.  The  rope  in  im winding  resumes 
its  place  between  the  rails,  and  may 
serve  for  several  trains  at  a  time. 

A    more    advantageous    arrangement, 
though  very  compHcated,  to  increase  U^^h 
adhesion,    is    that    after    Fell's    ^^^^^^^1 
which  is  in  practice   on   Mount   Cen^^* 
In    this    system    a    third     rail,    raised 
higher  than   the   two   others,  is   placed 
between  them,  and  four  horizontal  driving 
wheeLs,  two  on  each  side,  are  strongly 
pressed  against  the  middle  rail  by  apirrJ 
springa 

The  engines  with  8  and  10  coupled 
wheels,  with  tlie  front  group  movable 
sidewise.  of  the  system  of  Ergerth,  Fink, 
and  Hall,  constitute  also  a  powerful 
means  often  employed  to  ascend  very 
steep  inclines. 

From  what  has  preceded,  it  results 
that  the  good  arrangement  of  a  locomo- 
tive  ha%ing  sufficient  boiler,  and  cylm- 
dors  and  wheels  well  proportioned,  must 
be  judged  by  the  relation  existing  be- 
tween the  total  weight  and  the  weight 
utilized  for  adhesion.  This  condition  is 
csicntial  for  freight  engines  that  di*aw 
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trains,  in  whish  all  weight  not 
1  for  adhesion  is  dead  weight  to  be 
lor  drawn. 

following  table  gives  the  principal 
sions  of  the  weight  of  German 
>tiTes,  which  by  their  good  results 
a  report  here : 
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6-coupled  engine  can  draw  on  a 
.,100  tons  at  14  miles  per  hour.  It 
les  and  tires  of  cast-steel;  wheels, 
ind  tubes  of  wrought-iron;  firebox 
per;  and  costs  about  69,000  francs, 
-coupled,  with  leading  wheels  inde- 
nt, can  draw  650  tons  at  18.6  miles 
>ur  on  a  level  The  axles  and  tires, 
re  like  the  one  above,  and  it  costs 
»  francs.  The  mixed  4-coupled,  with 
g  wheels  independent,  can  draw 
ns  on  a  level  at  27  miles  an  hour. 
of  the  same  material  as  the  fore- 

except  the  coupling-rods,  which 
ide  of  cast-steel,  on  account  of  their 
length.  The  engine  with  a  single 
f  drivers,  can  draw  150  tons  at  47 
an  hour.  Axles,  tires,  and  rods  of 
ieel:  cost  62,000  francs. 


ERAL  McCLELLAN  is  to  com- 
►lete  the  Stevens  Battery  for  the 
of  New  Jersey,  as  provided  for  in 
U  of  the  late  Edwin  A.  Stevens. 


FUDDLING  Machines— Results.— Up 
to  the  present  time,  as  we  are  informed 
by  Mr.  Menelaus  in  papers  read  before 
the  Society  of  Mechanical  Engineers,  the 
results  of  mechanical  puddling  are  unsat- 
isfactory, inasmuch  as  the  iron  produced 
has  been  cold-short,  and  unfit  for  use. 
This  failure  is  attributed  by  Mr.  Mene- 
laus to  the  breaking  up  of  the  lining  of 
the  furnace.  The  suggestion  was  made 
that  the  uniform  quahty  of  the  iron  pro- 
duced with  differing  linings  pointed  to 
some  other  cause;  but,  as  far  as  we  know, 
no  suggestion  was  made  as  to  the  di- 
rection in  which  to  seek  the  cause  of 
failure. 

The  one  chief  feature  in  successful  pud- 
dling on  the  present  plan  consists  in  pro- 
tectmg  the  molten  iron  from  the  direct 
action  of  the  flame  by  a  supernatant  mass 
of  molten  scoria,  whereas  in  the  revolving 
puddling  furnace  the  iron  would  appear 
to  be  lifted  from  beneath  the  scoria  into 
immediate  contact  with  the  flame.  It 
would  be  reasonable,  therefore,  to  expect 
an  appearance  and  quahty  similar  to 
what  is  known  as  burnt  iron. — Tfie  En- 
gineer. 


MAGNESIA  Crucibles.— The  great  and 
constantly  increasing  cost  of  crucibles, 
is  the  greatest  obstacle  in  the  way  of  the 
crucible  steel  manufacture  in  this  country. 
A  patent  has  been  taken  out  in  France  for 
making  crucibles  to  melt  platinum,  iron, 
or  steel,  from  magnesia.  The  description 
given  is  not  very  clear;  but  we  beHeve 
they  are  moulded  by  pressure,  and  are 
then  exposed  to  the  heat  of  an  oxy-hydro- 
gen  flame,  by  which  they  are  brought  to  a 
semi-pasty  condition,  and  the  magnesia 
acquires  its  greatest  density,  cohesion,  and 
hardness.  Such  crucibles  are  said  not  to  be 
affected  by  sudden  alterations  of  temper- 
atxire. 


UNEIMPLOYED  Motive  Power.— The 
"  American  Artisan"  calls  the  atten- 
tion of  inventors  to  the  great  powers  that 
are,  so  to  speak,  going  to  waste — among 
them  wind  and  tide.  The  want  is,  efficient 
mechanical  appliances — the  power  is  al- 
most infinite.  Captain  Ericsson,  has  at- 
tempted the  utilization  of  what  would 
seem  to  be  a  more  impracticable  motor 
still — the  direct  heat  of  the  sun,  but  with 
great  promise  of  success. 
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or  eTen  brick,  by  reason  of  the  intiinate 
union  of  its  coii^taent  elements  and  of 
their  adherence  to  the  bare  surfaces 
which  require  to  be  faced.  The  facing  of 
galleries,  the  fixing  of  conduits  for  water 
and  for  air,  may  also  be  done  in  concrete, 
and  any  moyements  in  the  earth  will  only 
produce  therein  fissures  that  may  be 
easily  repaired  and  filled  up  again  with 
the  same  concrete,  which  will  at  once 
become  incorporated  with  the  old  mass. 
The  facing  of  shafts  especially  may  be 
effected  with  great  facility  and  great  reg- 
ularity. It  would  suffice,  in  fact,  to  sus- 
pend from  a  certain  special  rope,  well 
fixed  oyer  the  middle  of  the  shaft,  a  box 
with  very  smooth  exterior  sides,  of  the 
diameter  to  be  given  to  the  shaft  re- 
quiring to  be  faced,  and  behind  this  they 
oould  pug  the  concrete.  As  soon  as  a 
certain  elevation  had  been  attained,  they 
could  raise  the  box,  pug  anew,  and  so 
continue  until  they  had  reached  the  sum- 
mit of  the  structure. 


THE  LocoMonvK  Buildebs  Meetino,  re- 
cently held  in  New  York,  will,  it  is 
hoped,  lead  to  better  results  than  the 
meeting  of  1856.  If  the  builders  had 
carried  out  the  ideas  of  price  and  pay 
they  all  agreed  to  in  '56,  they  would  not 
have  met  with  the  general  disaster  that 
befeU  them  in  the  autumn  of  '57.  It  is 
for  the  interest  of  railway  companies 
and  the  public  that  locomotivo  builders 
shoxdd  have  no  excuse  for  turning  out 
inferior  work.  The  American  builders 
have  done  vastly  more  than  the  railway 
managers,  to  reduce  the  working  ex- 
penses of  engines.  They  deserve  a  re- 
ward for  so  greatly  improving  the 
American  Locomotive,  and  they  should 
have  an  inducement  to  perfect  it.  But 
they  must  build  cheap  and  old-fashioned 
machinery,  if  railway  managers  will  pay 
for  nothing  better. 


O  TEEL-COVERED  Axles.— It  is  propos- 
O  ed  to  heat  old  axles  red  hot  and  to  cast 
steel  rings  upon  their  journals  or  upon  the 
whole  aide.  The  steel  is  expected  to  unite 
firmly  with  the  iron,  and  to  be  sound 
enough  to  finish  weU.  This  result  can 
perhaps  be  realized  after  some  expensive 
expenmenting.  Steel  rail  ends  have  been 
successfully  cast  into  the  centre  of  steel 
ingotfl.  at  tiie  Pennsylvania  Steel  Works. 


BAILWAI  ACCOMMODATIONS. 

This  branch  of  civilization,  says  the  "New 
York  Times,"  is  advancing  perhaps  more 
slowly  than  railway  safety.  But  it  does 
advance.  Smoother  permanent  wav,  high 
and  ventilated  car  roofs,  the  equalization 
of  load  on  spread  and  elastic  trucks,  beti- 
ter  ballasting  and  less  dust,  sleeping  cars 
in  many  of  which  one  can  sleep  when  suf- 
ficiently fatigued,  compartment  cars  well 
upholstered,  better  motive  power,  and 
hence  closer  connections,  and  some  im- 
provements in  ticketing  and  checking,  are 
the  actual  and  comfortable  facts  of  to-day, 
instead  of  the  almost  chimerical  dreams 
they  were  a  decade  ago. 

But  let  no  railway  manager  suppose 
that  he  has  earned  immunity  for  another 
decade.  Great  improvements  are  still  to 
be  made  in  railway  accommodations.  Ven- 
tilators, for  instance,  are  all  very  well,  but 
ignorant  and  careless  brakemen  opening 
or  closing  them  without  reference  to  tem- 
perature or  wind,  in  many  cases  convert 
them  into  a  nuisance.  Nor  should  offi- 
cious or  selfish  passengers  be  allowed  to 
regulate  these  matters.  Here  a  brawny 
lumberman  throws  open  every  sash  and 
panel  on  the  windward,  to  the  peril  of 
invalids  and  children.  There  a  hypochon- 
driac seals  up  every  aperture,  to  the  peril 
of  the  general  health  and  temper.  There 
should  be  in  every  train,  for  invalids,  in- 
fants, and  old  women  of  both  sexes,  who 
have  no  lungs,  a  compartment,  ventilated 
as  far  as  compatible  with  the  exclusion  of 
that  arch-destroyer — Draft.  And  there 
should  be  an  officer  charged  with  the  ven- 
tilation of  the  train — an  officer  who  can 
distinguish  between  atmospheres  of  car- 
bonic acid  and  air,  and  who  can  appreci- 
ate a  calorific  change  when  he  enters  from 
the  out-door  temperature  of  40  to  the  in- 
ternal heat  of  100.  And  the  ventilation 
should  be  under  his  exclusive  control. 
The  brakemen  who  periodically  rush 
through  a  train,  shutting  every  aperture 
that  was  open  and  opening  those  that 
were  shut,  are  wonderfully  innocent  of  all 
thermal  and  atmospheric  distinctions. 

But  the  grand  discomfort,  as  well  as 
the  awful  peril  of  our  railway  appoint- 
ments, is  warminff  the  cars  by  stoves.  If 
the  recollection  of  freezing  feet  and  ach- 
ing head  aU  the  long  winter  evening  by 
the  railway  fireside,  does  not  throw  the 
reader  into  a  cold  sweat,  the  remembrance 
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most  roads  they  are  indistincily 
1  all  roads  they  are  not  called 
ain  stops,  thns  giving  too  little 
Adies  and  children  to  prepare  to 
knd  as  the  attendants  on  Ameri- 
s  are  few,  and  yery  busy  at  sta- 
isengers  must,  in  the  majority  of 
ow  Sie  station,  or  take  pains  to 
nd  ask,  or  be  carried  on.  A  re- 
ign at  each  end  of  the  car,  legible 
d  to  be  set  by  the  brakeman  just 
:m>ing  at  stations,  would  be  sim- 
;sl^3tiTe.  Such  an  apparatus  has 
oduced  on  the  Ogdensburg  and 
lamplain  Railway.  It  consists 
y  of  a  box  surmounted  by  a  bell, 
Qg  a  glass  plate  in  front,  under 
8  name  of  a  station  appears  in 
about  3  inches  in  lengm.  When 
arrives  at  the  station  named  on 
ator,  the  bell  on  the  top  of  the 
I,  and  presently  the  name  of  the 
ion  on  the  line  appears  under  the 
be. 

ng  of  attendance,  the  following 
nder  is  commended  to  railway 
8  without  many  exceptions.  It 
1  in  the  station  houses  on  the 
Railroad,  in  Vermont : 
nge  men  at  the  depots,  and  men 
rains — ^freight  as  well  as  passen- 
expected,  and  are  employed  by 
ipany,  not  only  to  do  tiieir  work 
pleasantly — ^togive  every  facility 
iers,  by  information  and  by  acta 
trture  from  civility  of  conduct,  and 
"tesy  due  the  patrons  of  the  road, 
er  them  unfit  for  its  service,  and 
be  dismissed  accordingly.  Trav- 
ly  be  unreasonable,  but  this  will 
lered  no  excuse  for  any  employ^ 
in  return." 

irdly  necessary  to  add,  that  the 
Dinners  and  Lunches  of  Amcr- 
rell  as  of  England,  may  be  im- 

New  York  World  "  says  that  Mr. 
Dickons  has  again  set  on  foot  in 
a  much-needed  reform.  "  Mug- 
ion  "  has  done  more  for  the  rail- 
imissariat  than  all  the  sanitary 
>ns,  newspaper  agitation,  and  in- 
growling  put  together.  John 
.ng  in  his  stomach  by  satire,  has 
yri  in  good  earnest  to  reform  the 
lent  saloons  on  the  great  railway 
id  it  now  seems  likely  that  the 
iple  and  excellent  plan  of  supply- 


ing "  locomotive  luncheons  "  at  one  sta* 
tion,  neatly  and  compactly  arranged  in 
baskets,  which  are  left  at  the  next  station^ 
is  to  become  general  But  it  is  in  Amer-  * 
ica,  above  all  other  places,  that  an  econom- 
ical and  expeditious  system  of  victual- 
ling passengers,  should  be  devised,  for 
here  the  routes  are  longest  and  the  sta- 
tions isolated. 


IMPROVED  Tubbing.— Mr.  Paul  R 
Hodge,  of  London,  has  designed  an 
arrangement  for  counterbalancing  the 
pressure  of  the  water  on  the  wheel,  also 
the  weight  of  the  shaft,  etc,  also  for  reg- 
ulating the  velocity  of  the  wheel  by  the 
governor  by  the  assistance  of  a  working 
column,  instead  of  blocking  off  the  water 
from  the  guide  curves  or  delivery  buckets. 
These,  and  his  improved  method  of  ob- 
taining the  guide  and  delivery  curves,  are 
illustrated  in  "Engineering"  of  October 
30  last. 

There  are  two  improved  Foumeyron 
wheels  on  one  shaft,  one  working  above 
the  casing  and  the  other  below;  inside 
the  casing  there  are  the  two  sets  of  guide 
curves  answering  to  each  wheeL  The 
pressure  of  water  due  to  tlie  head  or 
column  is  counterbalanced  by  the  intro- 
duction of  the  second  wheel  above,  there- 
by effectually  taking  the  pressure  off  the 
step  of  the  shaft. 

The  manner  of  regulating  the  wheel  by 
the  governor  is  as  follows:  The  governor 
operates  on  a  vertical  rod,  to  which  is  at- 
tached the  balanced  sluice  or  puppet 
valves  for  the  regulating  of  the  quantity 
of  water  in  its  passage  from  the  reservoir 
to  the  working  column  at  some  distance 
above  the  wheel,  so  that  if,  when  the 
wheel  is  working  at  its  maximum  of  effect, 
a  certain  portion  of  the  load  is  suddenly 
thrown  off,  then  the  sluice  valves  close 
and  the  working  column  is  reduced  to  an 
extent  corresponding  to  the  reduction  of 
the  load  on  the  machine.  When  an  in- 
creased load  is  again  thrown  on,  the  gov- 
ernor reopens  the  valves  and  admits 
water  corresponding  to  the  increased 
load.  By  this  arrangement  the  ob- 
jectionable methods  of  blocking  off  the 
water  from  the  wheel,  either  by  the  guide 
curves  or  delivery  buckets,  is  done  away 
with,  it  being  a  well-ascertained  fact,  that, 
,  when  10  per  cent,  of  water  is  stopped  off 
I  by  the  latter  method,  there  is  a  loss  of  at 
,  least  30  per  cent,  of  effect 
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reOS  ASD  STEEL  rSSTITOTE. 

The  ironmasters  and  steel  manafac- 
tiirera  of  Great  Britain  have  resolved 
opon  forming  an  "  Iron  and  Steel  InsU- 
tnte/*  for  the  discuBsion  of  questions  of 
practical  and  scientific  int^^restw  The 
general  principles  of  thd  proposed  Insti- 
tute will  be  similar  to  those  adopted  by 
the  Civil  and  Mechanical  Engineers,  and 

'ler    kindred    societies,    all    qoeetioQS 
g  on  trade  regnlaUons  and  wages 
g  rigidly  excluded. 

From  the  number  and  position  of  the 
gentlemen  who  have  tiken  an  interest  in 
the  project,  no  doubt  need  now  be  enter- 
tAined»  says  the  "  Mining  Journal,'*  of 
its  being  carried  to  a  successful  issue. 
Each  of  the  ironmaking  districts  13  well 
represented,  as  will  be  seen  from  the 
subjoined  list  of  appointments  to  the 
provisional  committee  which  have  been 
laiMie: 

*  KoBTH  OF  E276iJkin>, — MessTS,  Edward 
Williams,  Isaac  Lowthian  Bell,  David 
Dale,  James  Morrison,  K  Samuelson, 
IL  P-,  W.  R  Innes  Hopkins,  Charles 
BdMmall.  M.  R,  John  Jones. 

\  .=!T. — Messrs.  Joseph  T.  Smith, 

"W.  ^ .. . _.  r,  John  Lancaster,  J.  Fateraon, 
James  Smith. 

SocTTH  SxiJTORDsinaE. — Messrs.  G.  J* 
Barker,  Widter  TVaUams.  WilUam  Mat- 
thaw^  John  Hartley,  William  M.  Sparrow, 
n>ediaick  Smith,  Saunders^  Sampson 
Uoy± 

Noata  STJLTFOttDssiRS. — Mcasrs.  W,  & 
Bodeii«  Bobert  Heath,  J.  Udall,  X  Ranus- 
boitom. 

Socn  W4US  43ro  UoooiorTa. — ^Messrs, 
W.  MeiMlai]:^  A*  Bro^n,  R  Fotht  rgiU, 
Biid4  Abraham  DArby,  Struve, 

EteioiBBiBC. — Mr.  Thomas  Horton« 

Hmamsui  (Steel).— MessRS*  Bmrj  Bes- 
BemtiT,  Edward  Yickai^  George  Wilson, 
Mark  FuIIl 

West  Boeto.— Messrs.  F.  Kitacm,  Jef- 
fcHeai  Jolm  Buaer. 


J.  a  N,  AUeyne, 
Bobeii  Haanaj, 


1/ttiiiRtsHiafc, — M< 
TITilliam  Fowler. 

SctTTUJSB. — Mi 

[inuteUw,   R 
BabsoQ. 

J^  gntlfying  to  find  that  thexo  ap- 

be  eyetj  diapositmi  on  the  part 

proTisioiial  oomiailtee  to  mko  the 

itAtioa  that  wlatk  tl  pcofeasss  lo  ba 

^A^wwiAl  aaaoraika:  ud  with  this 


view  it  has  been  decided  that  the  maker 
of  iron  and  steel  in  the  seyeral  districti 
shall  be  asked  to  become  members,  ar 
that    the  headquarters  of   the  pro| 
institute    shall    be    London,     peric 
meetings  being  held  in  the  Tarious  j 
making  districts.  By  this  means 
removed    aU  cause   for    little   jealoG 
which  might  arise  from  a  particular 
ducing  district  possessing  the  advantages 
of  being  the  seat  of  the  society*s  he 
quarters.     Such  associations  as  thej^ 
and  Steel  Institute  are  well  calcu 
to  promote  the  material  progress  of 
branch  of  industry  with  which  they  may^ 
be  connected,  and  it  is  to  be  hoped  no 
time  will  be  lost  in  bringing  the  projeol 
into  working  order. 

THE  CHENOT  STEEL  PB0CES3, 
Removing  and  treating  the  pure  iron 
a  blast  furnace  before  it  becomes  carbi 
ixed,  has  been  the  subject  of  some  expe: 
menis,  many  schemes,  and  great  e3q>oci 
tiona.     The  acbeme  of  M.  Chenot  is  wel 
described  by  M.  Ijandrin  in  his  treatise  oi 
sleel,  but  its  practical  and  commerc 
prospects  are  not  hopefuL 

IntheordinaiT  blast  furnace  where  pi 
iron  is  produced,  there  are  two  distin< 
operations  at  two  different  heights  of  ii 
stack.  The  iron  ore,  which  is  a  compoun 
of  iron,  oi^gen,  and  earthy  matter,  is  re- 
duced in  the  upper  parts  of  the  furnace 
after  somewhat  complex  reactions.  At  a 
certain  height  the  ore  comes  in  contact 
with  carbonic  oxide,  which  unites  withiU 
oxygen,  and  escapes  at  the  mouth 
bonic  acid.  The  earths  which  accoi 
it  become  separated,  and  fall  to  the  lo 
part  of  the  Immace^  where  they  are  tran; 
formed  into  aUigs  or  dnders.  The  ' 
is  reduced^  ana  remains  pure, 
height  where  tlieae  reactions  occur  is 
termed  the  lone  of  reduction;  the  heat  is 
intense.  At  this  point  let  us  see  what 
happens^  The  ou-bonie  acid  escapes  at 
the  top  of  the  ftumftoe,  the  iron  and  slag 
remain,  and,  on  aoconnt  of  their  specifii 
gravis*  id!  to  the  lower  part  of  the  fui 
naciw  whisre  the  tempemtare  is  greate 
and  tlMTS  vndergo  nsfw  reactions.  Eve 
<Hke  at  this  stage  ol  the  operation 
think  it  would  be  mote  advantageous  to 
estraet  the  perlectfy  pure  iron  instead 
allowxBg  it  ki  MH  among  the  incand 
coala^iniers  it  is  tnuuiformed  into 
bide  or  p^  iroii.     SQcb  was  the 
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L  Adrien  Chenot^  who  thought  of  stop- 
Bg  the  operation  jost  when  the  ore  had 
sen  converted  into  pore  iron.  An  in- 
anse  heat  reigns  in  the  greater  part  of 
16  famaoe  16  feet  above  the  zone  of  re- 
action, and  33  feet  underneath.  Why 
KKild  snch  a  heat  be  kept  10  metres  on- 
er the  point  where  the  pore  iron  is  ob- 
lined?  We  readily  understand  that, 
hen  pig  iron  is  wanted,  such  a  heat  is 
laintained  underneath  in  order  that  the 
on  shall  be  converted  into  pig  metal  in 
carburizing  atmosphera  But,  when 
nctile  iron  is  wanted,  we  think  it  is  use- 
m  and  costly  to  keep  up  the  combus- 
on  of  the  fuel  when  tne  product  sought 
tr  is  already  obtained.  Following  these 
rinciples,  M.  Chenot,  instead  of  heating 
le  furnace  undemeatti  the  boshes,  that  is, 
le  lower  part,  has  directed  the  highest 
snperature  to  be  applied  at  the  zone  of 
eduction.  The  combustion  ends  there. 
be  pure  iron  thus  produced  descends 
radually  into  cold  boshes,  where  it  can- 
yt  undergo  any  new  reaction,  and  where 
is  found  in  spongy  masses  mixed  with 
16  earths.  The  only  operation  which 
nnains  is  the  separation  of  the  iron  from 
le  eartha  This  is  effected  by  powerful 
lagneta,  which,  being  presented  to  the 
>ld  and  pulverized  residue,  separate  the 
on  in  a  state  of  perfect  purity.  This 
)wder  of  pure  iron  being  submitted  af- 
irwards  to  an  enormous  pressure  which 
taches  above  700  atmospheres,  has  its 
4>nis  so  strongly  united  that  it  acquires 
te  density  of  iron  itself,  and  may  be 
nawn  into  bars,  and  undergo  all  the 
aerations  of  a  forge. 
Tho  compressed  sponge  is  used  by  M. 
benot  for  cementing  iron,  and  conver- 
aa  into  steeL  It  has  been  found  by  ex- 
^riment  to  absorb  its  own  volume  of 
}nid;  therefore  it  is  sufficient  to  dip  it 
to  an  oleaginous  liquid,  as  coal  tar,  in 
•der  to  produce  a  true  carbide,  not  by 
imbination,  but  by  mixture.  The  me- 
nio  mass  thus  impregnated  is  put  into 
its  and  cast  in  the  usual  way. 


EFFECT  ON  Climatb  and  Land,  of  open- 
i  nro  THB  Suez  Canal. — ^In  his  address 
ffore  the  British  Association,  Mr.  Bidder 
Ued  upon  it  to  get  information  as  to  the 
Gdct  ox  filling  a  lake  (now  dry)  of  150 
nare  miles  extent,  and  thus  adding  2,500 
ibie  feet  per  minute  to  the  evaporation, 
[oal  to  a  rainfall  of  3G5  inches  per  anniun. 


RAILWAr  BRAKES. 

No  sooner  was  the  problem  of  setting 
trains  in  motion  by  steam  satisfactorily 
solved,  than  a  more  difficult  one,  that  of 
arresting  their  motion,  arose  in  its  place. 
It  is  not  too  much  to  assert  that,  in  spite 
of  the  innumerable  patents  taken  out,  in- 
ventions experimented  upon,  and  trials 
undergone,  the  question  of  obtaining  a 
perfectiy  satisfactory  brake  action  is  yet 
an  undecided  one.    Probably,  the  real 
reason  why  the  difficulty  has  not  been 
overcome,  is  that  too  much    has  been 
sought  for,  and  too  rigorous  a  solution  of 
the  problem  attempted.    Inventors,  as  a 
rule,  have  striven,  with  inexhaustible  pa- 
tience and  assiduity,  to  desi^  a  brake 
that  will  stop  a  train  almost  mstantane- 
ously,  and  those  who  have  effected  the 
change  from  rapid  motion  to  a  state  of 
complete  repose  in  the    shortest  time, 
have    considered    that    they   have    ap- 
proached nearest  to  the  vanquishing  of 
the  obstacle.     But  in  fact  thejr  were  very 
far    from    attaining  the  desired  result. 
The  great  object  of  a  brake  is  not  to 
suddenly  and  totally  arrest  the  progress 
of  the  train,  but  to  gradually  reduce  it  to 
a  state  of  rest.     It  is  not  expected  to  act 
only  on  rare  and  special  emergencies,  but 
to  be  of  continual  use  during  the  whole 
journey.     In  a  word,  it  is  for  general,  and 
not  special  employment.     In  order  to  ob- 
tain a  sudden  arrest  of  motion,  all  the 
earher,  and  most  of  the  recent,  descrip- 
tions of  brake  were  made  to  lock  the 
wheels  immediately  upon  their  applica- 
tion.     Independently  of  the  great  im- 
pactive  force  suddenly  brought  into  play, 
and  the  violent  torsion  thrown  upon  the 
axles  by  this  arrangement,  it  is  radically 
unsound  in  principle,  and  does  not  effect 
the  result  desired.     If  the  skids  (brake 
blocks)  press  so  tightly  upon  the  wheels 
as  to  lock  them,  the  train  is  not  brought 
to  rest  so  soon  as  if  they  only  had  bite 
sufficient  to  prevent  them  from  revolving. 
To  determine  theoretically  the  exact  velo- 
city at  which  a  body  will  cease  to  roll  and 
commence  to  shde,  is  a  very  nice  mathe- 
matical problem,  but  practically  the  limits 
maybe  ascertained  experimentally  with 
sufficient  accuracy  for  all  working  pur- 
poses.    At  the  late  Exposition,  the  im- 
provements in  the  details  of  brake  gear 
were  mostly  confined  to  effecting  the  in- 
stantaneous appUcation  of  the  skids  to 
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impoztant  modifications  and  changes  in 
the  machinery  and  apparatus.  The  prin- 
dpie  laid  down  in  the  case  of  the  Oreat  Cen- 
tral Company  has  been  more  or  less  applied 
throagfaont  the  country,  and  the  result 
baa  b^n  that  the  constructive  details  of 
gas  works  have  been  carried  out  almost  ex- 
dosiTely  with  a  view  to  obtain  the  largest 
possible  quantity  of  gas  from  the  mate- 
rials used  for  its  prc^uction.  Furnaces 
affording  the  greatest  heat,  retorts  expos- 
ing the  largest  carbonizing  surface,  con- 
densers and  scrubbers  makmg  the  strong- 
est ammoniacal  liquor,  purifiers  of  large 
capacity  and  sur&ce  for  the  oxide  system 
of  purification,  monster  gas-holders,  and 
last,  though  not  least,  street  mains  of 
the  dimensions  of  small  tunnels;  these, 
and  perhaps  some  other  matters,  are  the 
concomitants  of  cheap  gas,  as  inaugurated 
at  the  period  above  referred  to. 

Subsequent  events,  however,  have  shown 
that  at  least  one  of  the  parties  to  the  ar- 
rangement (the  gas  consumers)  have  be- 
come dissatisfied  with  their  bargain. 
The  Legislature  has  so  far  interfered  as  to 
raise  considerably  the  standard  of  illu- 
minating power,  and  the  question  pre- 
sents itself  whether,  in  meeting  this 
change,  it  may  not  be  requisite  to  modify 
the  present  mode  of  constructing  gas 
works,  especially  where  mixed  coaJs  are 
uschL 

Retorts  axd  Dip-pipes. — ^In  large  works, 
and  with  clay  retorts,    the    system    of 
through    setting,    with    double    mouth- 
pieces, is  unquestionably  the  most  econo- 
mical, both  as  regards  fuel  and  durabil- 
ity.    But  this  arrangement  is  open  to 
grave  objections.     If  the  retorts  are  used 
for  the  generation  of  gas  of  high  illumi- 
nating power,  the  increased  surface  over 
which  the  gas  passes  after  it  is  eliminated 
from  the  coal  exposes  it  to  the  chance  of 
decompo.sition,  and  the  consequent  depo- 
sition ot  its  carbon.     In  tlirouijfh  retorts 
this  deposition  is  due  mainly  to  two  causes; 
in  the  first  place,  in  charging  the  retort, 
the  (vntro  scarcely  ever  receives  its  due 
portion  ot  coftl,  and  as  this  part  is  always 
ttfl  hottest,  it  follows  that  the  gas  ^on- 
^^M  from  the  thinner  stratum  of  coal  is 
^ifK^sed  to  intense  boat,  and  a  portion  of 
iti^  ppeorlil  V  dof  omposed.     Another  cause 
of  tiiia  dopb.sit  is  the  want  of  uniformity 
in  the   preflsiire     in   the    two  hydraulic 
mjunq-  A  /Jirrbt  rosistance  m  one  main  or 
RoJc^B  tbogaato  take  the  course 


offering  least  obstruction,  and  as  the  par* 
tides  of  gas  thus  pass  over  a  larger 
amount  of  heated  surface,  they  are  ex- 
posed to  the  greater  risk  of  decomposition. 
Several  expedients  have  been  suggested 
to  remedy  this  evil;  one  is  to  use  a  valve 
to  each  ascension  pipe,  so  as  to  dispense 
with  the  dip-pipe  when  the  retort  is  work- 
ing; another  is  to  have  only  one  hydraulic 
main,  placed  over  the  centre  of  the  ovens, 
and  both  mouth-pieces  connected  to  it  by 
a  single  dip-pipe. 

Some  farther  modifications  made  in  the 
form  and  arrangement  of  the  dip-pipe 
tend  to  remove  the  inconvenience  that 
arises  from  the  necessity  of  having  the 
dip-pipe  sealed  in  the  hydraulic  main. 
An  American  inventor  has  suggested  an 
alteration  in  the  old  form  of  hydraulic 
main  by  casting  the  dip  on  its  side. 
This  method  of  forming  the  dip-pipe 
presents  some  advantages  in  clearing 
out,  and  it  avoids  the  inconvenience  at- 
tending the  collection  of  pitch  roimd  the 
mouths  of  the  pipes.  A  more  important 
arrangement  of  the  dip-pipe,  having  for 
its  object  the  removal  of  the  pressure  in 
the  retorts  occasioned  by  the  seal  in  the 
hydraulic  main,  has  been  contrived  by 
Messrs.  Cockey  &  Sons.  This  arrange- 
ment is  called  a  "telescopic"  di])-pipe, 
that  portion  of  it  which  enters  the  tar  in 
the  hydraulic  main  being  made  to  slide  up, 
like  the  tube  of  a  telescope,  as  soon  iis  the 
retort  is  charged;  the  action  takinpf  place 
by  moans  of  a  lover  to  which  a  lifintllo  is 
attached.  Boforc  loosening  tho  lid  of  the 
retort  the  telescope  part  of  tho  pipe  is 
lowered  again  into  tho  tar  to  prevent  the 
gas  from  passing  back  into  the  retort. 

MAcmNES  FOR  Drawino  and  Charoino 
Retorts. — Of  the  mechanical  appliances 
for  the  charging  of  retorts,  by  which  a 
large  system  of  retorts  sot  in  one  oven 
may  bo  charged  at  once,  by  a  number  of 
scoops  operating  at  the  same  instant,  Mr. 
Barlow  says:  The  plan  has  been  practi- 
cally tried  at  the  Alliance  Gas  Works  in 
Dublin,  and  I  am  able  to  speak  of  it  very 
favorably.  A  now  retort-house  has  been 
erected,  capable  of  carbonizing  300  tons 
of  coal  in  a  dav,  and  containing  270  dou- 
ble retorts,  or  540  mouth-pieces,  the  charg- 
ing and  discharging  of  which  is  porformed 
by  two  machines,  and  hitherto  with  com- 
plete success.  Best  &  Holden's  "  steam 
stoker,"  as  tho  machine  has  boon  tonnod, 
appears  to  be  destined  to  make   a  rev« 
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nomic  snggestion  has  been  made,  namely, 
the  reTivication  of  the  oxide  in  the  purifier 
itselt  by  allowing  a  portion  of  atmos- 
pheric air  to  be  driven  through  the  mate- 
rial along  with  the  gas,  thus  causing  a 
constant  decomposition  of  the  sulphuret 
as  fast  as  it  is  formed;  the  injury  result- 
ing to  the  illuminating  power  of  gas  is 
to  be  remedied  by  that  panacea  for  most, 
if  not  for  all,  of  the  ills  attendant  on  gas 
lififhting — "  a  little  more  Cannel" — but  any 
admixture  of  atmospheric  air  should  cer- 
tainly be  avoided,  first,  because  it  is  a  dis- 
honest adulteration  of  the  gas,  and, 
secondly,  because  it  is  unsafe,  and  may 
lead  to  the  most  disastrous  consequences. 

G^s-HoLDEBS. — It  must  be  admitted  that 
the  larger  the  gas-holder  the  cheaper  its 
cost  at  per  1,000  feet  of  its  contents;  but 
it  is  a  question  for  serious  consideration 
whether,  as  a  matter  of  safety,  these  enor- 
mous depositories  are  not  open  to  grave 
objections.  So  long  as  the  quantity  pro- 
duced in  the  course  of  manufacture  was 
the  essential  object  of  our  manipulations, 
the  effect  on  the  quality  of  gas  by  its 
storage  was  only  of  secondary  import- 
ance; but  if  a  higher  standard  of  illumi- 
nating power  is  to  bo  imposed,  the  advan- 
tages of  these  enormous  gas-holders  may 
not  prove  so  obvious.  The  storing  of  gas 
(especially  such  as  contains  any  consider- 
able amount  of  hydrocarbon  vapors)  is 
sure  to  result  in  an  appreciable  diminu- 
tion of  its  illuminating  effect. 

SrruATioN  OP  Works. — ^In  selecting  a  site 
for  works,  the  following  are  among  the 
most  essential  desiderata:  Sufficiency  of 
area,  a  low  level,  a  good  supply  of  water, 
good  drainage,  and  easy  access.  In  the 
earlier  times  of  gas  engineering  it  was 
thought  desirable  that  the  supply  should 
be  as  near  as  possible  to  the  centre  of  the 
consumption,  but  modem  practice  re- 
moves our  giis  works  to  remote  distances, 
and  some  enthusiastic  persons  have  even 
suggested  the  removal  of  the  manufac- 
tories to  the  centres  of  our  coal  districts. 
Wild  as  this  proposal  seems,  it  might  pos- 
sibly be  realized,  if  oas  and  not  light  was 
the  product  to  be  supplied;  but  if  the 
pubhc  demand  gas  light,  and  not  light 
OAS,  then  the  proximity  of  the  works  to 
the  locality  of  the  consumption  must  be  a 
vital  element  in  the  economy  of  gas  manu- 
facture. The  longer  the  distance  through 
which  the  gas  has  to  travel  before  reach- 
ing the    burner  of   the    consumer,  the 


greater  will  be  the  loss  of  illuminating  pow- 
er; hence  it  follows  that  a  company  sup* 
plying  gas  from  works  three  or  four  miles 
from  the  district  or  place  where  the  gas 
is  to  be  consumed,  will  have  to  use  a  much 
larger  proportion  of  Cannel,  or  other 
light-producing  material,  to  produce  and 
supply  gas  of  equal  quality  with  a  com- 
pany only  a  mile  from  its  consumers.  It 
is  very  questionable  if  the  advantages  said 
to  be  gained  in  a  sanitary  point  of  view, 
or  the  greater  economy  effected  in  the  de- 
livery of  raw  materials,  and  the  distribu- 
tion of  residual  products,  as  coke,  tar, 
liquor,  etc.,  will  at  all  compensate  for  the 
increased  outiay  in  mains  and  the  attend- 
ant loss  of  illuminating  power. 

New  Methods  fob  Gas-Making. — ^The 
pressure  which  the  Legislature  has 
recently  put  on  gas  companies  to  raise 
the  standard  of  illuminating  power  con- 
siderably above  that  obtainable  from 
common  coal,  has  compelled  most  of  them 
to  use  a  certain  proportion  of  Cannel 
coal  at  a  heavy  cost  and  with  a  diminu- 
tion in  the  value  of  the  coke.  The 
advance  in  the  price  of  Cannel  conse- 
quent on  the  increased  consumption  has 
stimulated  inquiry  to  find  a  substitute  for 
it,  and  this  seems  to  have  been  accom- 
plished by  Mr.  McKenzie,  whose  process 
of  mixing  small  coal  with  crude  shale  oil 
has  been  successfully  adopted  on  a  large 
scale  at  the  Alliance  Gas  Works  in  Dub- 
lin. The  small  coal  is  well  mixed  with 
the  oil  in  the  proportions  varying  from  10 
to  30  gallons  to  1  ton  of  coals.  This  is 
effected  by  means  of  a  mixing  or  grind- 
ing mill.  The  compoimd  material  is  then 
distilled  in  ordinary  gas-retorts  of  clay 
or  iron  at  a  strong  heat  approaching  a 
white  heat.  From  a  mixture  of  Llantwit 
small  coal,  costing  128.  6d.  per  ton,  with  5 
per  cent,  of  Broxboui'ne  shale  oil,  costing 
£5  per  ton,  the  produce  of  the  distillation 
of  one  ton  of  the  mixture  was — 

9,750  cubic  feet  of  gas  of  21.5  candles 
illuminating  power. 

37  bushels  of  good  hard  saleable  coke. 
2  bushels  of  breeze. 

11  gallons  of  tar. 

15  gallons  of  ammoniacal  liquor  of  5^ 
twaddle. 

The  cost  of  this  mixture,  including 
royalty,  was  about  17s.  per  ton  against 
243.  for  Wigan  cannel,  over  which  it  has 
the  advantage  of  at  least  5u.  per  ton  in 
the  value  of  the  coke. 


Two  other  new  sonrces  of  gupply  of 
materials  for  prcduciB^  gas  of  high 
iUunuQating  power  have  been  proposed — 
viz..  New  Brunswick  albertite  and  Trini- 
dad bitumen.  From  the  results  of  ex- 
periments on  the  former  made  by  Mr. 
Evana,  at  the  Horseferry  Road  works  of 
Chartered  Company,  it  appears  that  the 
yield  per  ton  in  horn  9,l<5t5  to  10,200 
cubic  feot  of  i^as,  varying  in  iUaminatiog 
power  from  28.66  to  35.42  candles,  from 
which  quantity,  however,  10  per  cent. 
must  bo  deducted  in  practical  operations 
on  a  working  scale,  and  the  material  is 
offered  for  sale  in  London  at  378.  Gd.  per 
ton,  Trinidad  bitiimen  does  not  present 
quite  the  same  advantages.  WTien  mixed 
with  80  per  cent  of  Newcastle  coal  the 
yield  per  ton,  according  to  the  joint  ex- 
periments of  Dr.  Letheby  and  iLr,  Keats, 
was  10,600  cubic  feet  of  IT.G-ctmdle  gas, 
and  it  could  be  sold  in  London  at  from 
45s,  to  50s.  per  ton.  There  in,  however, 
the  serious  di-awbaek  to  the  use  of  Trini- 
dad bitumen  that  it  contains  a  large 
amount  of  sulphur  and  water. 

The  "Mechanics'  Magazine,"  refers  to  a 
numl>er  of  successful  experiments  in  this 
direction,  but  says  we  are  making  no 
practical  progress;  the  eompimies  are  not 
taking  up  the  new  process,  and  the  pub- 
lic are  reaping  no  benefits.  According  to 
Mr.  H.  P.  Stephenson,  gas  engineer^  a 
mixture  of  20  per  cent  of  bitumen  with 
80  per  cent,  of  Lord  Belhaven'a  main 
coal,  distilled  at  a  red  heat,  produced 
9,072  feot  of  14-candle  gas.  Thus  a  coal 
which  is  unfit  for  the  production  of  gas 
when  carbonized  alone  is  rendered  usefiil. 
Some  experiments  carried  out  at  the  Wool- 
wich Arsenal  Gas  Works,  with  mixtures 
of  coal  and  bitumen,  showed  that  a  mix- 
ture of  25  parts  of  bitumen  and  75  of 
coal  yielded  at  the  rato  of  0,856  feet  to 
the  ton  of  20'Candle  j^as.  It  was  esti- 
mated that  the  cost  of  such  gas  to  the 
consumer,  the  materials  being  furnished 
respectively  at  32s,  and  IGs.  per  ton, 
would  not  exceed  3s.  7d.  per  1,000  feet  of 
gas  sold.  A  long  series  of  trials  on  a 
manufacturing?  scale,  made  by  the  Gas 
Committee  of  the  City  Corporation  of 
London,  and  conducted  by  Professor 
XVankland.  Mr  Hughes,  C.  E.,  and  Mr. 
Stephenson,  C,  E,,  showed  condusiTely 
ibat  w^hen  the  raw  materials  were  supplied 
at  the  prices  wo  have  named,  20-eandle 
goa  could  bo  sold  at  a  large  profit  at  38. 


7i  per  1,000  feet.  Professor  Odling  has 
also  made  a  series  of  laboratory  experi- 
ments upon  the  use  of  bitumen  for  gas 
purposes,  with  highly  favorable  resulta 
Other  eminent  men  have  also  made  trials 
which  resulted  most  favorably.  Where 
is  the  hitch?  Are  the  gas  companies 
enjoying  too  comfortable  a  monopoly  to 
risk  a  change  ? 

Gas  as  a  Motive  Power.— ^Tbe  Hacees^* 
ful  appHcation  of  the  explosive  force  of 
gas  as  a  motive  power  opens  an  ext'enstre 
field  for  the  demand  for  gM  for  day 
consumption  in  manufacturing  towns; 
and  it  is  a  matter  of  great  surprise  that 
g33s  companiea  have  not  made  exertions 
to  promote  the  use  of  the  gas  enginea. 
Improvements  have  been  made  on  the 
original  form  of  the  Lenoir  enginea  by 
Messrs.  Kinder  and  Kinsey,  by  which  ite 
power  and  efficiency  have  been  consii" 
ably  increased. 


dfl^^ 


LOCOMOTIVE  CorroN  Press,— Mr,  G 
G,  Wilson,  of  London,  has  mounted  a 
hydraulic  cotton  press  upon  a  traction  en- 
gino  for  8er\ace  in  India.  Tlie  engine  wiU 
be  conveyed  on  a  railway  truck  to  the 
various  stations  on  the  lino  of  railway  in 
the  cotton  districts,  where  it  will  remain 
for  sufficient  time  to  press  into  bales  the 
cotton  stored  there;  when  required,  tbd 
engiuG  will  proceed  by  its  own  traction 
power  to  the  depots  in  the  great  fields. 

The  engine  can  also  furnish  power  for 
other  presses,  mounted  on  a  carriage 
without  steam  power,  and  may  also  be 
employed  to  drive  cotton  gins,  etc.,  by 
means  of  belts. 

After  describing  the  press  in  detail,  the 
"Mechanics'  Magazine"  (October  16, 
18G8),  says:  Unpressed  cotton  is  so  liable 
to  be  destroyed  by  fire,  that  one  Indian 
railway  company  alone  had  claims  amount- 
ing to  J£30,000  made  upon  it  in  a  £dngle 
year.  Compressed  cotton  will  not  bum; 
therefore  there  can  be  no  question  that 
Mr.  Wilson  has,  by  the  invention  of  this 
press,  done  much  not  only  to  facilitata 
the  transport  of  cotton,  but  to  cheapen 
that  commodity  in  this  country. 


BOAT  Construction. — A  recent  English 
patent  specifies  boats  built  of  stares 
like  a  cask,  with  a  central  opening  cat 
out  and  surrounded  by  a  combing. 
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lEE  NITRATE  OF  SODA  SIEEIi  PROCESS. 


iTOBS   PBOGE38    AND    PLANT.- 
AFPA&ATUS. 


-BSSSEMKB8 


The  Heaton  process  of  decarbnrizmg 
cast-iron,  says  **  The  Engineer,"  has  for 
some  time  bneen  employed  on  a  manufac- 
turing scale  with  complete  success  at  the 
liangley  Mill  Works,  Nottingham,  and  is 
competent  to  make  remarkably  fine  steel 
and  "  steel  iron,'*  from  the  very  worst  and 
most  sulphur  and  phosphorus-charged 
**  makes"  of  iron  in  Great  Britain,  and  in 
a  word,  to  make  excellent  marketable 
steel  from  any  **  make"  of  pig  iron  that 
may  be  put  into  the  Heaton  converter. 

This  process  consists  in  the  application 
to  the  molten  crude  iron,  of  a  far  more 
powerful  and  searching  agent  than  heated 
air — ^Damely,  the  nascent  oxygen  deyelo^ed 
at  the  moment  of  contact  between  the 
molten  cast-iron  and  such  classes  of  salts, 
nitrates,  etc.,  as  yield  oxygen  under  those 
conditions.  The  mere  idea  of  decarbur- 
izing  crude  iron  by  the  use  of  nitrates,  is 
by  no  means  novel  Notices  will  be  foimd 
in  many  old  chemical  works  of  the  reac- 
tions produced  by  nitre  upon  red-hot 
iron. 

Nitrate  of  soda  is  the  form  of  nitre  em- 
ployed by  Mr.  Heaton.  It  is  not  decom- 
posed in  presence  of  fluid  cast-iron  with 
the  same  intense  energy  that  nitre  is,  but 
still  would  prove  an  agent  for  the  burn- 
ing out  of  the  silicon,  carbon,  sulphur, 
phosphorus,  etc.,  more  or  less  unmanage- 
able, were  it  not  for  the  extremely  simple 
but  beautifully  effective  apparatus  in- 
vented for  its  application,  and  which  con- 
stitutes, in  fact,  the  essence  of  Mr.  Hea- 
ton's  patent&  The  following  is  an  out- 
line of  the  process  and  its  results  : 

Pig  or  other  cast-iron,  whatever  be  its 
quality,  is  melted  in  a  common  iron 
foundry  cupola  with  coke  fuel.  The 
liquid  iron  in  known  mass — ^usually  from 
a  ton  at  a  time  to  perhaps  hereafter  as 
much  as  five  tons — is  tapped  out  into  an 
ordinary  crane  ladle,  and  the  latter  is 
swung  round  to  the  side  of  the  converter. 
The  converter  consists  of  a  tall  cylinder 
of  boiler  plate,  open  at  bottom,  which  is 
supported  at  a  certain  height  above  the 
floor  beneath  it.  This  cylinder  is  Hned 
with  fire-brick,  and  above  its  upper  part 
ri.se8  a  cone  and  a  funnel  of  plate  iron, 
freely  open  at  top.  To  the  bottom  of  the 
cylinder  any  number  in  succession  of 
short  nearly  cylindrical  pots  lined  with 


brick  and  fire-clay,  and  in  form  very  like 
crane  ladles,   are  adjustable  by  simple 
means.    Into  the  bottom  of  one  of  these 
pots  a  known  weight  of  crude  nitrate  of 
soda  of  commerce  is  put ;  the  surface  of 
the  gross  powder  is  levelled  and  covered 
by  a  pretty  thick  circular  plate  of  cast- 
iron,  perforated  with  many  holes,  which 
hes  by  its  own  weight  upon  the  top  of  the 
nitrate.    One  of  these  pots  thus  prepared 
having  been  adjusted  to  thebottem  of  the 
cylinder,  the  converter  is  now  ready  for 
use.      At  one  side  of  the  cylinder  de- 
scribed, is  a  sort  of  hopper  funnel,  covered 
by  a  loosely  hinged  nap  of  boiler  plate. 
This  plate  is  raised,  and  the  ladle  full  of 
liquid  cast-iron  is  at  once  poured  inte  the 
converter,  and  so  descends  right  down 
upon  the  top  of  the  cold  cast-iron  per- 
forated plate.      The  plate  does  not  float 
up  nor  become  displaced,  nor  does  any 
action  become  apparent  for  some  minutes, 
while  the  plate  is  rapidly  acquiring  heat 
from  the  fluid  iron    above  it,  and  the 
nitrate  getting  heated  by  contact  with  it. 
What  follows  we  may  describe  in  Profes- 
sor Miller's  own  words,  from  his  personal 
observation  and  report : — "  In  about  two 
minutes  a  reaction  commenced;  at  first  a 
moderate  quantity  of  brown  nitrous  fumes 
escaped  ;  these  were  followed  by  copious 
blackish,  then  gray,  then  whitish  fumes, 
produced  by  the  escape  of  steam,  carry- 
ing with  it,  in  suspension,  a  portion  of 
the  flux.     After  the  lapse  of  five  or  six 
minutes  deflagration  occurred,  attended 
with  a  roaring  noise  and  a  burst  of  a 
brilliant  yellow  flame  from  the  tep  of  the 
chimney.     This  lasted  for  about  a  minute 
and  a  half,  and  then  subsided  as  rapidly 
as  it  commenced.     When  all  had  become 
tranquil  the  converter  was  detached  from 
the  chimney,  and  its  contents  were  emp- 
tied   upon    the   iron   pavement   of    the 
foundry.    These  consisted  of  *  crude  steel ' 
and  of  slag.     The  *  crude  steel'  was  in  a 
pasty  state,  and  the  slag  fluid;  the  cast- 
iron  perforated  plate  had  become  melted 
up  and  incorporated  with  the  charge  of 
molten  metaL" 

The  first  product  of  the  Heaten  pro- 
cess, which  he  denominates  "  crude  steel," 
is  in  reality  malleable  iron  of  the  very 
purest  and  finest  quality.  The  broken  up 
lumps  of  this  material,  direct  from  the 
converter,  only  require,  after  they  have 
been  "patted"  or  squeezed  under  the 
"shingling  hammer"  to  condense  their 
spongy  texture,  to  be  heated  again  in  a 
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csommon  *' balling  furuaee,"  oud  rolled  at 
once  into  bars,  or  forged  or  rolled  into 
any  desiriiblo  form.  In  this  state  tLo 
material  is  very  unhappily  civilcd  by  the 
inventor  "steel  iron."  It  has  but  little 
pretensions  to  bo  cxilled  so;  it  scarcely 
perceptibly  hiurdens  in  water.  Wliat  it 
really  cousiats  of  is  crystallo-fibroas 
wrought-iron,  almost  absolutely  sulphur 
and  phosphorus  free,  of  gi-eat  strength 
and  to  ugliness,  and  for  every  structural 
purp<r)so  equal  to  the  renowned  wrought- 
iron  produced  at  Lowmoor  and  Bowling 
workH,  It  welds  perfectly;  it  is  tough 
both  hot  and  cold,  neither  red-short  nor 
cold-short,  and  forges  beautifuily  at  both 
the  test  tt^mperatures  for  iron — ^a  low  red, 
and  a  clear  yellow  heat 

The  "  steel  ii-on "  is  itself  of  course 
a  valuable  material  ready  for  niarkcL 
From  this  material  it  is,  that  ]Mr.  Heaton 
makes  his  cast-steel,  that  is,  before  it  has 
boon  subjected  to  any  rolling,  while  in  the 
state  merely  of  *'  crude  steel,"  patted  into 
cakes  by  the  shingling  hammer.  These 
cakes  are  broken  up,  put  into  ortlinai-y 
clay  melting  pots  of  the  usual  size,  hold- 
ing about  GO  pounds  each-  To  each  100 
pounds  of  the  material,  about  2  J  pounds 
or  3  pounds  of  spiegeleisen,  or  its  equiva- 
lent of  oxide  of  manganese  and  a  little 
chart'oal,  are  added,  and  the  whole  is 
fused  and  cajst  into  the  ordinary  ingots  of 
ii'on.  It  is  now  excellent  cast-steel,  and 
when  the  ingots  have  been  tilted  in  the 
usual  manner,  cast*steel  bars  are  produced 
fit  for  any  uses  to  which  steel  is  at  pres- 
ent applied*  Such  is  the  Heaton  process ; 
ita  simplicity  and  directneBS  need  no  com- 
ment to  those  acquainted  with  ordinary 
iron  and  steel  making. 

The  following  analyses  of  the  iron 
treated,  and  the  resulting  products  are 
from  Dr.  Miller's  oMcial  report: 
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100  OOO 
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The  report  aUo  says:  The  chemical 
principle  appears  to  be  good,  and  the 
mode  of  attaining  the  result  is  both  sim- 
ple and  rapid.  The  nitric  acid  of  tho 
nitrate  in  this  operation  imparts  oxygen 
to  the  impurities  always  present  in  <^st- 
iron,  converting  them  into  compounds 
which  combine  with  th<v  sodium,  and 
these  are  removed  with  the  sodium  in  ths 
slag.  This  action  of  the  sodium  is  one  of 
the  peculiar  fcatui-es  of  Heaton*B  process, 
and  gives  it  an  advantage  over  the  oxid- 
izing methods  in  common  use. 

Upon  the  appearance  of  tho  foregoing 
in  *'The  Engineer,"  the  London  prufe.s«»- 
ional  papers  contained  many  comm»  nts 
by  editors  and  correspondents,  the  gist  of 
which  are  as  follows,  **  Tlie  Engineer' '  miXH : 
Mr.  Bessemer,  in  one  of  his  patents,  long 
ago  claimed  the  use  of  any  solid  subfcitane^ 
capable  of  evolving  oxygen  for  the  con- 
version of  iron  into  steel;  and  if  such  a 
claim  could  be  maintained,  as  we  presume 
it  might  be,  the  nitrate  process  would  be 
no  more  than  a  modification  of  Mr.  Bes- 
semer's  better  known  system  of  compress* 
ed  air  jets.  But  if  it  be  proved  to  have 
the  distinctive  power  of  removiiig  phos- 
phorus, it  taken  a  still  higher  rank. 

Professor  Miller  states  that  pig  iron, 
containing  1,455  per  cent,  of  phosphoru! 
loses  all  but  0/298,  or  sivy  ^^ths  per  cent? 
in  the  nitrate  converter.  Yet  of  the  2.83 
per  cent  of  carbon  in  the  same  pig  iron, 
but  1.03  per  cent  was  removed,  and  1.8 
per  cent  remained,  and  there  remained 
also  0.2G6  per  cent  of  sihcon,  besides 
small  quantities  of  sulphur,  arsenic,  cal- 
cimn,  sodium,  etc. ;  so  that  the  pure  iron 
remaining  was  but  97.02G  per  cent,  where- 
as in  good  steel  it  should  be  nearly,  or 
quite,  90|,  Every  competent  metallur- 
gist win  at  once  percieve  that  this  so- 
called  *'  crude  steel "  is  very  crude  ind 
— that  it  is,  in  fact,  only  comparablo 
half  puddled  iron,  long  before  it  has  co; 
to  nature;  and  any  one  who  has  paid 
least  attention  to  the  chemical  oom]^ 
tion  of  steel  must  be  aware  that  sampi 
containing  1.8  per  cent,  of  carbon 
wholly  unfitted  for  any  purpose  to  wlii< 
steel  is  applicable. 

Mr.  Robert  Mushet  says:  The  Bessemer 
process  converts  meltedc^st-iron  at  once 
into  steel,  keeping  that  steel  liquid  until  it  is 
poured  into  ingot  moidds  forming  ingots 
fit  for  drawing  or  rolling  out  into  bars 
cast-steeL  The  Heaton  process  taki 
melted  cast-iron  and  treats  it  with  ni* 
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irate  of  Boda  in  a  converter,  and  the  re- 
salt  of  this  treatment  is  to  deprive  the 
east-iron  of  mnch  of  its  carbon,  in  con- 
sequence of  which,  as  there  is  not,  as  in 
the  Bessemer  converter,  any  means  of  in- 
creasing the  temperature,  the  iron  assumes 
a  pasty  condition,  and  is  emptied  out  on 
the  floor  in  pU&ce  of  into  ingot  nK>uld8. 
Scarcely  so  direct  this  as  the  Bessemer 
process.  But  now  comes  the  cream  of  the 
joke.  The  pasty  stuff  turned  out  on  the 
floor  is,  as  Mr.  Heaton  properly  terms  it, 
^  crude  steeL"  (Mr.  Mufuiet  then  goes 
on  to  show  that  it  is  very  crude,  as  above 
explained — ^too  much  carbon  and  phos- 
phorus.) Some  of  this  pasty  matter, 
which  had  been  "patted"  or  squeezed 
into  cakes,  I  found  could  not  be  forged 
at  any  temperature,  far  less  would  it 
weld  ;  and  when  melted  in  crucibles, 
it  proved  considerably  inferior  to  or- 
dinary Bessemer  scrap  steel,  for  the 
manufacture  of  cast-steeL  Dr.  Miller 
also  states  that  the  maximum  amount  of 
slag  from  the  converter  did  not  exceed  23 
per  cent  of  the  weight  of  the  metal 
charged.  Where  did  it  come  from,  if  even 
20  per  cent  ? 

Mr.  Mushet  concludes:  No  one  has  ever 
doubted  that  nitrate  of  soda  will  eliminate, 
more  or  less,  sulphur  and  phosphorus 
from  cast  iron,  but  as  it  does  not  generate 
a  lasting  and  progressively  increasing 
temperature,  tliereby  rendering  the  puri- 
iie<l  metal  fluid  so  that  it  can  bo  cast 
into  ingots,  it  follows  that  the  Heaton 
process  can  never  compete  with  the  Bes- 
semer process. 

Mr.  Ferd.  Kohn  says:  The  conclusions 
arrived  at  by  Professor  Miller  are  not  in 
accordance  with  the  theory  originated,  I 
1>*4ieve,  by  Dr.  Percy,  and  now  adopted 
by  the  majority  of  metallurgists,  viz.,  that 
the  presence  of  alkaline  or  other  basic 
matter  during  the  process  of  decarburi- 
zation  has  very  Httle  effect  or  influence 
upon  the  removal  of  phosphorus  in  the 
shape  of  phosphoric  acid,  but  that  the 
pho.<q)horus  is  separated  from  the  iron  as 
phosphide  of  iron.  This  phosphide  of 
iron  is  liquid  at  a  temperature  at  which 
the  malleable  iron  solidifies,  and  can  there- 
fore be  mechanically  separated  fi'om  the 
iron  by  hammering  or  squeezing.  Mr. 
Kohn  then  proceeds  to  show  that  Profes- 
sor Miller  has  only  accounted  for  8  out 
of  the  15  pounilfl  of  phosphorus  that  dis- 
appeared from  the  iron  in  the  operation 


described.  The  8  pounds  were  found  in 
the  slag.  The  remainder  must  have  been 
squeezed  out  by  the  subsequent  hammer* 
ing  and  rolling,  just  as  it  would  be  in  the 
treatment  of  puddle  balls. 

Another  correspondent  of  "  Engineer- 
ing" says,  that  as  some  3^  cwt  of  nitrate 
of  soda,  at  iSlO  per  ton,  are  required  for  a 
ton  of  crude  "coke"  produced,  he  does  not 
see  the  advantage  in  buying  pig  iron,  say 
30s.  cheaper  than  Bessemer  pigs,  and  then 
spending  38s.  worth  of  nitrates  for  bring- 
ing out  a  material  which  is  certainly  not 
as  pure  as  hematite  pigs  after  aU,and 
which  you  must  scrape  together  from  the 
floor  of  your  forge  in  order  to  get  it  into 
anything  like  a  workable  state  by  a  second 
process. 

In  a  paper  read  by  Mr.  John  Giers  be- 
fore the  Cleveland  Institution  of  Engi- 
neers in  April  last,  it  is  stated  that  sev- 
eral patents  existed  before  either  Mr. 
Heaton's  or  Mr.  Hargreave's  time,  for  the 
use  of  oxidizing  salts,  amongst  which  ni- 
trates are  named;  and  in  the  patent  grant- 
ed to  Knowles,  dated  July  10,  1857,  No. 
1,921,  nitrate  of  soda  is  specially  claimed 
for  refining  iron,  by  pouring  melted  pig 
iron  upon  the  salt  in  a  ladle.  This  patent, 
as  well  as  other  patents  for  the  use  of 
nitrates,  and  almost  every  other  oxidizing 
salt,  applied  both  in  separate  vessels  and 
in  the  puddling  furnace,  are  now  expired, 
and  consequently  public  property.  This 
paper  also  states,  that  as  a  result  of  ana- 
lyses, this  metal  comes  very  far  short  of 
what  was  pretended,  as  nearly  the  whole 
of  the  phosphorus,  the  greater  part  of  the 
carbon,  and  a  considerable  quantity  of 
silicon  is  left  in  the  metal,  and  very  little 
in  the  slag,  and  that  it  is  in  every  respect 
considerably  inferior  even  to  common  re- 
fined plate. 

An  apparatus  has  recently  been  patent- 
ed by  Mr.  Henry  Bessemer  for  following 
out  his  early  propositions  of  decarburizing 
iron  by  the  use  of  substances  capable  of 
evolving  oxygen,  this  apparatus  being 
practically  applicable  for  the  use  of  ni- 
trates, or  chlorates  of  soda  or  potash  and 
other  salts,  which  evolve  oxygen  gas  when 
heated. 

One  method  of  conducting  this  process 
is  to  place  beneath  the  molten  iron  a  per- 
forated case  capable  of  bearing  a  high 
heat,  and  containing  the  nitrate  of  soda 
or  other  solid  matter.  The  heat  of  tlie 
molten  iron  causes  the  nitrate  to  liberate 
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oxygen,  which  forces  its  way  through  the 
perforatioas  in  the  cade,  and  it  issues  into 
and  anion^  the  particles  of  the  molten 
iroUf  as  when  air  is  forced  through  the 
tuyeres  in  the  ordinary  way  of  conducting 
the  Bessemer  process.  Mr,  Bessemer's 
Bpeciiication  Bays  :  It  is  advantageous  to 
use  a  conTerting  vessel  like  that  which  is 
nsuaUy  employed.  I  replace  the  tuyere 
box  by  a  case  of  chamber  lined  with  re- 
fractory material,  and  filled  with  the 
nitrate  of  soda  or  other  material  capable 
of  evolving  oxygen,  and  closed  ut  the  top 
with  a  perforated  firetile.  I  make  the 
case  of  such  dimensions  that  the  area  of 
the  siirftico  of  the  nitrate  is  but  small  as 
compared  with  the  area  of  the  piincipal 
horizontal  sectiou  of  the  metal  in  the  eon- 
verting  vessel.  In  this  way  I  both  modify 
the  intensity  of  the  action  and  also  pre- 
vent the  rapid  scoring  action  which  would 
result  fi'om  the  passage  of  the  gas  between 
the  metal  and  the  sides  of  the  vessel. 
Also  in  order  to  render  the  action  more 
regular  I  fuse  the  nitrate  and  cast  it  into 
the  ca.se  or  chamber,  and  there  allow  it  to 
8oli».lify.  The  melted  metal  is  then  effect- 
ually prevented  from  acting  on  more 
than  the  upper  surface  of  the  cast  block 
of  nitrate  ;  or  in  some  cases  I  mould  the 
nitrate  into  blocks  under  heavy  pressure 
before  inserting  it  into  the  case  or  cham- 
ber, and  the  violence  of  the  action  of  the 
nitrate  may  be  reduced  by  mixing  dry 
day  or  other  inert  matter  with  it 

The  invention  also  provides  a  means  of 
forcing  fluid  nitrates  into  the  converter. 
through  the  openings  in  a  small  central 
tuyere  pLiced  at  the  bottom  of  the  con- 
verter instead  of  the  ordinary  tuyere  box. 
A.  case  containing  the  nitrate  is  attached 
to  the  converter  and  surroimded  with  an 
annular  case.  Into  this  annular  case  air 
or  steam  heated  suiHciently  to  keep  the 
nitrate  fused,  is  forced  by  a  pipe  from  the 
hollow  trunnion  in  the  ordinary  manner. 
Below  the  chamber  containing  the  nitrate, 
is  a  4-way  cock  arranged  to  let  air  from 
the  trunnion  to  the  tuyere,  for  the  pur- 
pose of  heating  the  converter  as  usual, 
and  also  for  the  purpose  of  keeping  the 
fluid  iron  out  of  the  tuyere  when  the  con- 
verter is  turned  up  to  blow,  and  the 
tuyere  is  thus  brought  beneath  the  fluid 
iron.  By  turning  this  4-way  cock  when 
the  converter  is  up,  the  air  from  the  trun- 
nion is  shut  off  from  the  converter,  and 
at  the  same  instant  let  into  the  chamber 


containing  the  nitrate,  while  through  the 
other  passage  in  the  4-way  coek,  the 
bottom  of  the  chamber  containing  the 
nitrate  is  connected  with  the  pipe  leading 
to  the  tuyere.  Thus  by  the  operation  of 
turning  the  cock,  air  is  shut  off  fiom  thd 
tuyere  and  nitrate  forced  into  it,  and  thus 
into  the  molten  iron  in  the  converter, 
where  the  conversion  proceeds  in  the  or- 
dinary manner, 

A  still  later  apparatus,  patented  by  Mr 
Bessemer,  is  illustrated  in  *'  Engineering,^ 
Nov.  13.  The  plan  consists  in  forcing 
injecting  into  molten  crude  iron  streams  or 
jets  of  fused  fluid  nitrate  of  soda  or  nitrate 
of  potash;  the  streams  or  jets  of  fused  or 
fluid  matters  are  projected  downwards  at 
any  desired  angle  from  nozzles  or  tuyeres, 
the  orifices  of  which  are  situated  above 
the  mean  level  or  upper  surface  of  the 
fluid  iron  to  be  operated  upon,  a  portion 
of  the  said  fused  or  fluid  matters,  as  well 
as  a  portion  of  the  cinder  or  oxides  pro- 
duced in  the  process,  being  again  carried 
down  into  the  molten  metal  as  an  induced 
current  caused  by  the  passage  of  the  jet  a 

The  process  may  be  carried  on  in  the 
ordinary  converter,  or  in  the  hearth  of  a 
finery  fui*nace.  When  employing  such  a 
furnace,  ^Ir.  Bessemer  arranges  a  set  of 
air  tuyeres  along  one  side  for  melting  the 
pigmet^l  and  partially  refining  it;  and  on 
the  other  side  of  the  hearth  he  employs  a 
separate  set  of  tuyeres  or  nozzles  for  the 
purpose  of  injecting  the  aforesaid  fused 
or  fluid  matters  into  the  molten  iron.  The 
process  in  this  finery  furnace  may  be  dis- 
continued while  the  metal  is  in  the  con- 
dition of  highly  refined  cast-iron  ap- 
proaching to  steel,  or  it  may  be  continued 
until  a  more  or  less  perfectly  malleable 
metal  is  obtained  suitable  for  melting  in 
crucibles,  or  otherwise  to  form  steel,  or 
the  metal  may  be  allowed  to  granulate  or 
assume  a  more  or  less  solid  concbtion, 
with  or  without  manipulation  with  an  iron 
bar  or  rabble,  and  be  removed  from  the 
finery  furnace  in  a  condition  to  be  formed 
into  bars  or  blooms.  The  process  may  also 
bo  carried  on  in  a  reverboratory  or  pud- 
dling furnace  heated  by  soUd  fuel,  or  by 
means  of  heated  air  and  gas. 

In  carrying  out  the  above  proeeas  Mr. 
Bessemer  prefers  to  melt  the  nitrate  of 
soda,  nitrate  of  potash,  or  other  fusible 
matters  in  a  jaeketted  iron  vessel  by 
means  of  highly-heated  atmospheric  lur 
or  superheated  steam,  and  to  use  the  prev* 


TAN  N06TBAND*S  ENGINEEBING  MAGAZINE. 


7» 


nie  of  roch  air  or  steam  to  act  on  the 
iorfaoe  of  the  fluid  matters,  in  order  that 
thej  may  thus  be  driven  downward  upon 
the  fluid  metal  with  such  f orceas  to  pene- 
trate ftur  into  the  molten  mass,  and  put 
the  latter  into  rapid  motion,  and  thus  in 
turn  bring  all  parts  under  operation.  This 
motion  in  cylindrical  vessels  is  best  at- 
tained by  placing  the  jet  pipes  at  a  tan- 
gent to  uie  drcimference. 


BAILWAT  NOTES. 


B.4ILWAT  PbOOBBSSIH  THBlJNrrED  StATES. 

—In  1865,  the  first  40  miles  of  the  Union 
Pacific  Railroad  were  laid;  in  1866  there 
were  constructed  265  miles;  in  1867  a 
further  length  of  245  miles,  and  to  Nov- 
ember 1,  in  1868,  tiiere  had  been  con- 
sfenicted  330  miles,  or,  in  4  years,  880 
miles.  The  total  length  of  the  road  is 
1,657  miles.  The  Central  Pacific,  not- 
withstanding the  intervention  of  the 
Sierra  Nevada,  has  progressed  with  equal 
rapidity;  and  the  Union  Pacific  (E.  D.) 
was,  November  1,  in  operation  from 
Kansas  City  to  Sheridan,  405  miles.  Rail- 
road construction  in  the  States  east  of 
the  Mississippi  and  west  of  Pennsylvania 
has  been  during  this  period  as  follows: 


Ifiua  ov  Roin. 

1864. 

1868. 

Incr. 

Iowa 

800 

920 

160 

1,050 

8.100 

870 

2,200 

3,200 

1,680 
1,200 
5C0 
1,200 
3,400 
1,260 
2,600 
3,340 

830 

MlMOQli 

280 

Minn^ffotn. 

400 

Wisconsin 

150 

niiTi*^!^ 

300 

Mirhigan .....,.,. 

390 

Ixi'iianA..    ,,   ...,,, 

400 

Oluo 

140 

ToUL 

12,300 

15,110 

2,890 

Thus  in  these  8  States  in  4  years 
nearly  3,000  miles  of  new  railroad  have 
been  laid  and  millions  of  dollars  expended, 
not  only  on  these,  but  also  in  improving 
previously  existing  lines.  The  total  in- 
crease in  cost  has  been  nearly  $200,000,000, 
or  about  $15  per  head  of  the  population. 

Among  the  principal  railroads  in  pro- 
IP*e88,  or  constructed  in  the  four  years  re- 
ferred to,  the  following  are  the  most  im- 
portant: 

In  Iowa:    the  Iowa   division   of   the 


Chicago  and  Northwestern,  the  Iowa 
division  of  the  Chicago,  Hock  Island,  and 
Pacific,  the  Burlington  and  Missouri 
River,  the  Sioux  City  and  Pacific,  and  the 
St.  Joseph  and  Council  BlufGs.  By  the 
time  that  the  Pacific  XtaUroad  is  com^ 
pleted,  the  Hock  Island  and  Burlington 
lines  will  have  reached  the  Missouri 

In  Missouri:  the  Pacific  of  Missouri, 
and  the  extensions  of  the  North  Missouri 
towards  Iowa  and  the  Missouri  Biver. 
The  Southern  Pacific  is  also  being  ex- 
tended southwest,  and  the  St.  Louis  and 
Iron  Mountain  south,  the  latter  to  a  con- 
nection with  the  Southern  railroads  at 
Columbus,  Ky.  The  St.  Joseph  and 
Coimcil  Blufis  Bailroad  has  also  been 
completed  to  a  connection  with  the  Iowa 
Bailroad  of  the  same  name,  giving  St. 
Louis  an  indirect  route  to  Omaha. 
Several  other  roads  are  projected  to  con- 
nect with  the  Union  Pacific  Railroads. 

In  Minnesota:  the  Milwaukee  and  St. 
Paul,  the  Winona  and  St.  Peter,  and  the 
Minnesota  Volley.  Considerable  progress 
has  also  been  made  in  the  first  division  of 
the  Pacific  Railroad  and  its  branch  north 
to  Watab  has  been  opened  through. 

In  Illinois:  the  St.  Louis,  Jacksonville, 
and  Chicago,  which  gives  another  connec- 
tion to  the  Illinois  Central  The  Rock- 
ford,  Rock  Island,  and  St.  Louis  is  now  in 
course  of  construction,  chiefly  as  a  mineral 
road,  and  designed  to  supply  coal  to  rail- 
roads, etc.  The  St.  Louis,  Yandalia,  and 
Terre  Haute,  and  the  Cairo,  Mound  City, 
and  Vincennes  are  also  in  progress,  with 
a  view  to  their  early  completion. 

In  Michigan:  the  Jackson,  Lansing, 
and  Saginaw,  and  the  Flint  and  Pere 
Marquette,  are  the  principal  new  construc- 
tions. There  is  also  being  constructed  a 
more  direct  line  between  Port  Huron  and 
Chicago,  known  as  the  Air-line.  The 
Grand  River  Valley  Railroad  is  approach- 
ing completion. 

In  Indiana:  the  Columbus  and  Indiana 
Central  Railroad  has  completed  a  line 
from  Union  City  to  Logansport,  and  con- 
solidated into  itself  the  Chicago  and 
Great  Eastern,  the  Indiana  Central  and 
the  Logansport  and  Burlington-  There 
is  also  being  built  a  line  from  Indianapolis 
to  Vincennes  to  conuect  with  the  road  to 
Mound  City  and  Cairo;  and  several  other 
lines  are  projected. 

And  in  Ohio:  several  short  lines, 
chiefly  auxiliaries  of  existing  lines.    In 
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this  State   several  iraportant  consolida- 
tions have  been  effected. 

Further  east  the  principal  developments 
have  been  rather  improvements  than  new 
works.  In  New  York  the  Erie  is  having 
a  third  rail  laid  to  accommodate  the  nar- 
row cars.  The  Hndson  River  baa  com- 
pleted its  second  track*  eta  The  lines  in 
proj^fress  from  the  Hudson  have  chiefly  a 
northwestern  direction,  and  will  connect 
with  the  Central,  the  Midlaml  being  the 
most  important.  In  a  few  years  the  Bos- 
ton, Hartford,  and  Ei-ie,  will  continue  the 
Erie  Radway  to  Boston.  In  the  city  of 
New  York  the  depot  and  warehouse  ac- 
commodation has  been  largely  extended. 
In  Pennsylvania,  especially  in  the  eastern 
portion,  the  extension  of*  roads  is  being 
rapidly  carried  on,  the  objective  points 
being  Easton^  on  the  Delaware,  and  New 
York  city.  In  the  southwest  of  the  State 
the  construction  of  the  Pittsburg  and 
ConneUsvillo  Railroad  to  a  connection 
with  the  Baltimore  and  Ohio  is  being  car- 
ried on  actively.  New  Jersey  has  also 
made  extensive  improvements  in  its  rail- 
roads  and  accommodations  for  an  in- 
creasing traffic.  The  works  at  Hoboken, 
Jersey  City,  Communipaw,  and  Elizabeth- 
port  are  among  the  most  extensive  in  the 
United  States.  In  the  Delaware  peninsula 
railroad  building  is  very  active;  and 
Maryland  is  connecting  Baltimore  more 
firmly  with  both  East  and  West — Hunt's 
MiTvhani^'  Magazine* 

Irish  Railways. — The  total  completed 
length  of  railways  in  Ireland  is  1,908  J  miles 
of  which  there  are  1,408  miles  of  single 
track,  and  500J  mdes  of  double  line.  The 
length  of  railways  in  hand,  and  not  yet 
finisheil,  is  252  miles,  and  339}  are  aa< 
thorijsed,  but  not  yet  commenced.  Of 
the  first,  the  principal  are  the  Great 
Southern  and  Western  line,  with  a  length 
of  165 J  miles,  and  253  J  miles  of  branches, 
eonnecting  Cork  with  Dublin ;  the  Great 
Northern  and  Western,  82  j  miles  long, 
starting  from  Westport  and  ending  with 
n  junction  at  Athlone,  with  a  short  branch 
connected  with  the  Great  Southern  and 
Western;  the  Midland  Great  Western, 
crossing  the  island  from  Galway  to 
Dublin,  with  a  length  of  126J  miles  of 
main  lines  and  120  miles  of  branches;  and 
the  Dublin,  Wicklow,  and  Wexford  Bail- 
way,  with  98 J  miles  of  main  and  branch 
U&ea  j 


On  all  these  railways  the  bridge  rail 
is  the  section  principally  employed,  the 
mileage  of  flat-footed  permanent  way 
being  712J;  of  double-headed  rails  308; 
and  bridge  rails  1,750 J,  which,  together 
with  37  miles  of  various  other  eectiona. 
make  a  total  of  2,408i  miles.  The  bridge 
section  is,  however,  being  abandoned,  as 
is  evidenced  by  the  fact  that  only  6  of 
the  different  railway  companies  are 
adopting  them  for  the  permanent  way 
renewals.  The  Great  Southern  and 
Western,  who  have  hitherto  employed 
rails  weighing  80  and  90  pounds  to  the 
yard  (the  heaviest  section  in  Ireland), 
are  now  replacing  them  with  flat--footed 
rails.  2(}  other  railways  are  following 
the  example,  while  6  companies  are  again 
employing  the  double-headed  line. 

Hoosic  Ttjnkel  Notes, — ^Th©  work  un- 
der the  old  contract  has  practically 
ceased,  and  it  will  not  be  renewed  until  a 
contract  such  as  the  last  Legislature  pro- 
vided for  is  made  and  accepted  by  the 
Governor.  The  "  Springfield  Republican" 
says  :  We  believe  that  the  faith  and  hope 
in  which  the  good  people  of  the  State 
have  carried  on  the  work,  is  fast  break- 
ing down.  The  tide  is  turning  against 
the  expenditure  of  any  more  of  the  peo- 
ple's money  in  that  work.  They  say, 
"If  it  can  be  done,  why  will  not  the  Fitcfi- 
burg  and  the  Vermont  and  Maasachu- 
eetts  railroads,  which  wiH  most  profit  bv 
it,  and  eventually  will  own  it — ^why  will 
not  these  corporations  undertake  the 
job  and  spend  their  own  money  in  it  ? 
If  they  won't,  we  won't," 

The  condition  of  the  work  is  as  follows : 
On  the  east  side  the  penetration  reaches 
1  mile   through  sohd  granite ;    the   full- 
sized  tunnel  less  than    \  a  mile.     The 
central  shaft  is  sunk  about  600  feet,  and 
has  400  more  to  go.     It  is  elliptical,  27  x       i 
15   feet     On  the   west  side   the   tunnel     j 
reaches  700  feet  through  quicksand  and      i 
rotten  stone,  and  is  lined  with  brick.  The 
west  shaft  is   done,   and   the   tunnel  is      J 
driven  from  it  1,500  feet  to  the  cast,  and     J 
1,000  feet  to  the  west.     The  entire  length     ^ 
of  the  tunnel  will  be  4  J  miles^  of  which  3 
are  yet  to  be  excavatei 

Michigan  Car  Works, — Th©  buildings 
of  th©  Company  at  Detroit  cover  4  acres. 
The  sj^ecialty  is  freight  cars.  The  num- 
ber of  hands  is  150^  the  capital  $100,00a 


▼AN  NOSTRAND*S  ENGINEEBING  MAGAZINE. 


81 


lUn^WAT  CoNSTBucnoN. — ^The  following 
bits  of  liigh  science  are  from  a  series  of 
articles  in  a  London  technical  paper. 
Speaking  of  sleepers:  In  America  that 
lund  of  pine  known  as  "  Hemlock/'  or 
"  Hemlo<^  Spmce,"  has  been  foimd  the 
best,  although  with  snch  a  choice  of  tim- 
ber, white  oak,  chestnut,  and  all  sorts  of 
wood  are  nsed.  Sleepers  must  always 
be  straight,  and  of  an  uniform  size,  for 
otherwise  the  bearing  or  rather  the  run- 
ning, would  be  commensurately  imper- 
fect, or  "poor,"  as  it  is  called.  As  to  im- 
proved rails  :  Bails  should  be  made  of 
puddled  iron,  that  is,  iron  into  which  at- 
mospheric air  l)as  been  introduced  by 
stirnng  or  "  puddling"  with  a  rod  whilst 
in  a  soft  state.  We  most  of  us  know  the 
mode  of  annealing,  or  rendering  brittle 
iron  wire  soft,  so  iliat  it  will  bend  with- 
out breaking — ^namely,  by  heating  and 
allowing  it  to  cool — ^in  other  words,  ex- 
posing it  when  hot  to  the  air.  This  is  a 
simple  thing  enough,  and  the  principle 
upon-  which  it  is  done  forms  the  basis  of 
Bessemer's  steeL  (!) 

Electbic  Bepeatebs  pob  Bailwat  Sig- 
VAUB. — On  several  of  the  English  rail- 
iR-ays,  the  proper  condition  and  working 
of  distant  signals  is  made  known  to  the 
signalman  in  the  station  by  electric  "  re- 
peaters." By  means  of  a  very  simple  ar- 
rangement— Ist,  the  raising  or  lowering 
of  the  signal  makes  or  breaks  a  circuit 
which  shows  or  repeats  the  same  opera- 
tion on  a  model  of  the  signal  in  the  sta- 
tion. If  the  wire  or  other  apparatus 
leading  from  the  station  to  the  signal  is 
out  of  order  or  fails  to  work  from  any 
cause,  the  model  also  fails  to  work,  and 
the  danger  is  at  once  discovered  ;  2d,  at 
night,  the  hght  in  the  signal  is  arranged 
to  heat  a  piece  of  iron  above  it  If  the 
li«rht  goes  out,  the  piece  of  iron  cools, 
contracts,  and  so  breaks  a  circuit  which 
at  once  covers  up  or  puts  out  a  corre- 
S[K>nding  light  in  the  signal  station.  A 
similar  apparatus  could  be  well,  and  in  the 
long  run  economically  applied  to  testing 
the  condition  of  switches  where  trains 
have  to  pass  them  at  speed. 

Badlboad  Tback-Lateb. — ^This  machine 
is  said  to  have  laid  from  1  to  2  miles  of 
track  in  12  hours  on  the  Yallijo  and  Sacra- 
mento Bailway.  The  contractor  is  of  the 
opinion  that  it  may  be  so  improved  as  to 
Vot-  L~Na  L-e 


lay  5  or  6  miles  per  day — or  12  times  as 
fast  as  by  hand. 

The  machine  is  a  car  60  feet  long  and 
10  wide.  It  has  a  small  engine  on  board 
for  handling  the  ties  and  rails.  The  ties 
are  carried  on  a  common  freight  car  be- 
hind, and  conveyed  by  an  endless  chain 
over  the  top  of  the  machine,  laid  down  in 
their  places  on  the  track,  and  when 
enough  are  laid  a  rail  is  put  down  on 
each  side  in  proper  position,  and  spiked 
down.  The  track-layer  then  advances, 
and  keeps  on  its  work  until  the  load  of 
ties  and  rails  is  exhausted,  when  other 
car-loads  are  brought.*  The  machine  is 
driven  ahead  by  a  locomotive,  and  the 
work  is  done  so  rapidly  that  CO  men 
are  required  to  wait  on  it. 

Bridoing  the  Connecticut  Biveb.— 
Messrs.  A.  D.  Briggs  &  Co.,  of  Spring- 
field, Mass.,  have  made  a  contract  with 
the  Shore  Line  Bailway  Company  to 
build  the  drawbridge  across  the  Connec- 
ticut Biver  at  Lyme.  The  bridge  is  to 
consist  of  6  spans  of  175  feet  each,  3  of 
which  will  be  east  of  the  draw  and  2  west. 
The  length  of  the  draw  is  to  be  275  feet, 
and  allowing  35  feet  for  the  central  pier 
leaves  120  feet  clear.  The  piers  are  to 
be  made  of  cast-iron  cylinders,  each  cyl- 
inder to  be  driven  over  a  cluster  of 
12  piles,  and  the  interstice  filled  with 
concrete.  The  draw  is  to  be  of  iron,  and 
the  rest  of  the  bridge  will  be  constructed 
on  the  Howe  plan.  The  cost  of  the  whole 
structure  will  be  about  $200,000.— i?aiZ. 
way  Times, 

Ohio  Bridge  at  Louisville. — The  iron 
railway  bridge  now  in  coiu'se  of  construc- 
tion between  Louisville,  Ky.,  and  Jeffer- 
sonv]lle,Ind.,  will  be  just  Imile  in  length. 
It  will  have  24  spans;  2  of  these  will  be 
370  feet  each,  and  6,  245.5  feet  each.  Ex- 
cepting on  the  longest  spans,  the  rails 
will  be  placed  on  the  tops  of  the  gird- 
ers, these  being  of  the  class  known  as  the 
Fink  truss.  The  estimated  cost  of  this 
bridge,  which  is  to  be  completed  by  SejH 
tember  1,  1869,  is  $1,600,000.  The  chief 
engineer  of  the  work  is  Mr.  Albert  Fink, 
and  the  assistant  engineer,  Mr.  F.  W. 
Vaughan. 

Chicago  Biter  Tunnel, — ^This  work  in 
approaching  completion,  and  is  to  be 
opened  in  Hie  spring;  cost  $500»000. 
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Peat  fob  Locouotiye  Fuel. — ^The  fol- 
lowing is  the  report  of  a  commission  sent 
out  by  English  capitalists  to  test  the  value 
of  peat  as  a  fuel  for  the  purposes  of  run- 
ning the  Grand  Trunk  Bailwaj  in  Can- 
ada : 

Number  of  miles  run  by  train. . . .        683 
Aggregate  distance  run  by  all  the 

cars 15,267 

Average  number  of  cars  per  train      22.4 

Peat  consumed,  in  pounds 48,475 

Wood,  in  poimds,  for  same  work  105,187 
Number  of  miles  run  per  ton  of 

peat 31.6 

Number  of  miles  run  per  cord 

maple  wood    27.6 

Experiment  in  favor  of  i>eat,  14  per  cent 

A  Bailroad  Question.  —  The  Grand 
Trunk  Railroad  being  in  a  state  of  com- 
plete wreck,  owing  to  the  miserable  mis- 
management and  corruption  that  has  pre- 
vailed in  its  direction,  the  question  is 
whether  the  railway  commissioners,  3  in 
number,  who  are  appointed  by  the  State 
to  make  frequent  inspections  of  the  track 
and  of  the  service  of  the  railways,  and  to 
report  all  defects  and  abuses  to  ^e  proper 
authority,  are  hable  criminally  on  mdict- 
ment  for  murder,  as  accessories  before 
the  fact,  should  death  result  from  the 
running  of  trains  over  roads  left  in  such 
a  condition  by  their  negligence. — Spring- 
fidd  Republican. 

As  XJ>T>EBOROUNT)  Railwat  ux  Paris  is  to 
be  built,  more  with  the  view  of  bringing 
in  market  produce  from  the  suburbs  than 
for  the  purposes  of  passenger  traffic.  It 
is  to  start  from  the  Halles  Centrales,  at 
the  extreme  end  of  the  Rue  St  Honore, 
and  take  the  line  of  the  quays  as  far  as 
St  Cloud,  whence  it  will  proceed  to  La 
Marche,  famous  for  its  steeplechases, 
where  an  immense  station  is  to  be  con- 
etructed,  which  will  form  the  starting 
point  of  a  new  circular  railway  passing 
entirely  round  Paris  at  several  miles  dis- 
tance.— Bailway  Keux. 

Singular  Railway  Accident. — ^A  1,600 
feet  tunnel  on  the  Marietta  and  Cincinnati 
road,  caved  very  badly  during  excava- 
tion, and  was  filled  in,  over  the  arch, 
with  8,000  cords  of  wood  (!),  which  re- 
cently took  fire,  burned  the  stone  to 
lime,  and  filled  up  a  great  part  of  the 
tmmeL 


The  Gauge  Question. — The  laying  of  a 
third  rail  for  narrow  gauge  trains,  throng 
out  the  length  of  the  Erie  road,  is  said  to 
be  decided  upon.  Engineers  long  since 
estimated  that  the  saving  of  expenses  on 
the  narrow  gauge,  would,  in  say  30  yean^ 
pay  for  the  change  of  track  and  equip- 
ment But  it  is  possible  that  the  intro- 
duction of  steel  rails  will  enable  the  wide 
cars  to  carry  weight  in  proportion  to 
their  width  without  injury  to  the  perma- 
nent way,  and  that  the  railway  of  the 
future  ^nll  be  wider  than  4  feet  8| 
inches. 

New  Railroads  in  Georgia. — State  aid 
having  been  granted,  the  "  air  line  "  road 
from  Atlanta  to  Charlotte,  N.  C.  (travers- 
ing the  gold  belt),  is  likely  to  be  built 
The  Northeastern  road,  connecting  At- 
lanta (and  Augusta)  with  the  Tennessee 
roads,  is  also  being  pushed  forward.  The 
Macon  and  Brunswick  road  is  nearly 
completed.  Branches  of  the  Southwest- 
ern, through  the  fine  cotton  region,  are 
also  in  progress. 

New  Railwat  across  Egtft. — ^The  new 
route  by  rail  from  Alexandria  to  Sue>^ 
by  way  of  Zagazig,  was  opened  in  Octo- 
ber. The  former  route  by  rail  was  from 
Cairo  to  Suez,  the  distance  from  Alexan- 
dria to  Cairo  being  traversed  by  canal 
and  the  Nile,  or  by  rail;  but  this  making 
a  considerable  detour,  and  lengthening 
the  journey.  The  entire  length  of  tlM 
new  route  is  85  inile& 

Insurance  Tickets. — ^As  long  as  cars  are 
warmed  by  coal  stoves,  and  combustibles 
are  mixed  up  with  general  merchandise, 
passengers  should  provide  themselves 
with  stamped  and  directed  envelopes^  buy 
insurance  tickets  at  stations,  and  jK)st 
them  to  their  friends  before  conaigniiig 
themselves  to  etc,  etc.  Otherwise  their 
evidence  of  insurance  wiU  be  burned  up 
with  them. 

Pennsylvania  Railroad  Uahagsmkiit. — 
"The  watchful  forethought  which  pro- 
vides for  every  emergency,  and  the  energy 
with  which  all  works  essential  to  the  ao- 
commodation  of  the  public  on  this  road 
are  prosecuted,"  is  the  just  comment  of 
the  ''Railway  l^es"  on  the  rd>mlding 
of  5  spans  ot  the  HazTisbmg  bridge  in 
ISdajB. 
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QuADSUFUi  Tbacx& — ^The  Midland  Bail- 
my  baa  4  linea  of  rails  from  London 
to  Bedford.  The  North-Westem  has  3 
lines  for  46  miles  out  of  London,  and  the 
G^eat  Northern  will  soon  haye  3  hnes  for 
i2mile8. 

Thx  New  Hayek  axd  Nobthampton  B.  B. 
Ca  at  the  expiration  of  its  lease  to  the 
New  York  and  New  Haven,  in  June,  1869, 
will  equip  it  with  new  material  through- 
oat,  and  will  extend  the  CoUinsn^e 
branch  to  New  Hartford. 


OBSERVATIONS  ON  THE  WOOLF  ENGINES 
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BT  VICE-ADHIBAL  LABBOTJSSE. 
linutated  from  Annaks  da  Gtele  CItU. 

Note  by  the  Editob  of  ''Aiwales  du 
CrixiE  Civil." — ^A  question  of  great  im- 
portance is  agitated  in  the  Special  Com- 
missions of  the  Marine;  that  is,  the  adop- 
tion of  a  hetter  type  of  engine  for  the 
vessels  of  the  fleet.  This  question  also 
touches  so  very  nearly  the  interests  of 
the  commercial  marine,  and  the  great 
works  for  the  construction  of  steam  en- 
ginesy  that  we  cannot  neglect  this  occasion 
io  make  known  to  our  readers  the  differ- 
ent opinions  held  by  men  whose  opinions 
and  works  have  greatly  contributed  to 
place  our  marine  in  the  first  rank. 

We  repel  the  idea  that  in  such  grave 
circumstances,  in  which  it  is  proposed  to 
render  general  a  system,  good  or  bad, 
which  involves  the  outlay  of  many  mil- 
lions, personal  influence  can  prevail,  and 
an  erroneous  system  be  adopted,  because 
it  comes  from  a  high  quarter,  with  the 
presU^  of  a  name  that  generally  is  ac- 
eeptea  as  a  guaranty  of  truths  To  aban- 
don frankly  a  theory  when  facts  demon- 
strate that  it  does  not  realize  the  results 
expected  from  it,  is  a  rule  of  conduct 
among  engineers  who  are  ambitious  to 
achieve  reid  progress  rather  than  momen- 
tanr  oelebril^.  The  real  progress  is  gen- 
erally attained  by  experience  gained  in 
contending  with  tiie  practical  difficulties 
that  are  met  in  attempting  to  carry  out 
theories. 

In  publishing  (April,  1867)  the  paper 
read  before  the  Academy  of  Sciences  by 
lf6n&  Dnpoj  de  LAme^  and  in  publishing 


now  that  by  Yice-Admiral  Labrousse,  we 
give  our  readers  the  means  to  form  a 
dear  opinion  of  the  two  systems  which 
are  placed  in  competition.  We  think, 
with  the  majority  of  competent  judges  in- 
terested in  the  question,  that  the  Woolf 
system,  appUed  to  marine  engines,  has  no 
advantages,  and  many  inconveniences; 
and,  wi&out  adopting  the  violent  criti- 
cisms which  the  English  engineer  Burgh 
has  made  on  the  engines  of  the  "  Fried- 
land,"  in  the  "Engineer"  of  August  23, 
1867,  we  think  that  the  paper  of  Admiral 
Labrousse,  by  its  numerical  results,  sus- 
tains the  conclusions  of  Burgh. 

The  "Friedland's"  engine  has  three 
cyhnders  operating  on  cranks  90^  and 
135°  apart  In  the  middle  cylinder  the 
steam  is  at  full  pressure,  for  .8  of  stroke, 
and  is  then  cut  off.  It  is  exhausted  into 
the  two  other  cylinders  of  the  same  size; 
and  when  released  from  them  into  the 
condenser,  it  has  double  its  initial  volume, 
and  half  its  initial  pressure.  The  cylin- 
ders are  84  inches  diameter  and  52  inches 
stroke,  and  work  at  56  turns  per  minute; 
and  the  mean  pressure  in  the  high-press- 
ure cylinder  is  computed  at  33  inches  of 
mercury. 

Observations  op  Admiral  Labrousse. — 
Several  journals  have  published  a  note 
of  Mens.  Dupuy  de  L6me  on  the  engines 
with  3  equal-sized  cylinders,  with  steam 
direct  from  the  boiler  admitted  into  only 
1  of  them,  which  note  had  been  communi- 
cated by  him  to  the  Academy  of  Sciences, 
Though  that  note  contains,  on  several  es- 
sential points,  and  even  principles,  asser- 
tions in  which  we  think  there  are  grave 
errors,  we  should  abstain  from  examining 
it  critically  if  the  question  had. not  a 
serious  importance  in  relation  to  our  na- 
val material,  and  the  precedents  it  might 
establish  were  not  likely  to  be  too  much 
relied  upon. 

In  July,  1863,  a  commission,  composed 
of  Vice- Admiral  Labrousse,  president; 
Mons.  Sabattier,  engineer  of  the  marine; 
Mons.  Guesnet,  sub-engineer  of  the  ma- 
rine; and  Mons.  Testard  du  Cosqucr, 
lieutenant,  was  directed  to  make  compar- 
ative experiments  on  the  engine  with 
3  cylinders,  and  on  the  ordinary  engine 
with  2  cylinders. 

These  experiments  had  great  interest; 
for  it  was  desired  to  know  whether  to 
commit  the  imperial  marine  definitely  to 


the  3-CYliiicier  system,  as  nppHc^d  in  tlio 
Frietlland,  or  3  cylindex's  iicting  inde- 
pendently ;  or  to  adopt  in  2  other  frigates 
then  in  progress,  ordinary  2-cylinder  en- 
gines of  equal  power. 

The  duration  of  each  experiment  was 
12  hours.  Disponitions  were  made  to 
%vork  the  engines  either  in  the  way  for 
which  they  were  constructed,  with  steam 
admitted  directly  into  only  1  cyhader, 
or  in  the  ordinary  way.  In  the  latter 
case»  the  ports  of  the  middle  cylinder  were 
stopped^  and  the  valve  removtHl,  so  that 
the  steam  could  go  directly  to  the  outbade 
cylinders  after  passing  through  the  valve- 
cheat  of  tlie  middle  cylinden  The  engine 
waa  thus  transformed  ij]to  an  ordinary 
2'Cy Under  engine,  hut  with  some  disad- 
vantHges  attendant,  Ist^  that  the  steam 
on  its  way  to  the  cylinders  had  to  circu- 
late in  the  pipes  and  valve-chest  of  tho 
middle  cylinder;  2d,  that  they  had  to  work 
2  cranks*  set  120*^  apart,  instead  of  90^, 
Tlio  experiments  were  made  altera  a  tely, 
with  the  machine  in  its  normal  comlition, 
and  thus  transformed.  All  precautions 
:ge8ted  by  experience  were  biken  to 
ive  at  results  as  minutely  exact  as 
possible. 

The  general  result  of  the  trials  was  an 
economy  of  3  per  cent,  of  the  fuel  in 
favor  of  the  new  system.  But  in  the  2 
last  trials  which  the  commission  deemed 
more  comparable  between  themselves, 
this  economy  rose  to  7  per  cent. 

Being  directed  to  express  its  opinion 
on  tho  comparative  utility  of  the  2  ma- 
chines for  use  in  war  vessels,  the  eom- 
mission,  after  balancing  their  advan- 
tages, decided  in  favor  of  the  3  cylin- 
ders. But,  notwithstanding  the  saving  of 
7  per  cejit.  of  the  fuel,  they  advise  that  in 
the  2  vessels  of  1,000  horse  power  fiboiit 
to  be  engined,  the  3  cylinders  should  be 
arranged  to  work  independently,  but 
capable  of  rearrangement  t<)  work  on  the 
Woolf  system,  if  new  experiments  on  a 
larger  scale  should  show  faiiher  ad  van* 
tagcs  in  that  system. 

In  consequence  o!  that  advice  the  en- 
gines  of  the  Gauloise  and  the  Revanche 
Save  been  constructed  with  3  independent 
cylinders,  with  provisions  for  making  the 
change  suggested. 

Tlie  note  cited  presenting,  as  an  impor- 
tant progress,  the  use  of  "  engines  with  3 
equal  cyhnders  vdih  steam  admitted 
directly  into  only  1,"  of  which  the  en- 


gine of  the  Loire t  presents  the  first  speci- 
men, there  may  be  a  disposition  to  con- 
elude  that  tho  commission  has  erred  in 
its  apprcdations;  and  that  in  recommend- 
ing engines  with  3  cylinders  of  the  type 
of  the  Gauloise  in  preference  to  Uioge  of 
the  type  of  the  Loiret  and  Savoia,  it  migbl 
lead  the  administration  of  the  niarioe  into 
a  way  that  would  be  regretted- 

Now,  there  is  no  danger  of  this.  Thft 
last  comparative  experiments  made  under 
the  sarat?  conditions,  between  the  engines 
of  the  type  of  the  Magnanime  and  the 
Savoie,  and  those  of  the  Gauloise  type, 
proved  incontestably  the  superiority  of 
the  latter;  and,  consequently,  fully  con- 
firmed the  conckisions  of  the  commissdon. 
As  will  be  seen,  that  proof  is  easy  to  be 
apprehended,  and  will  not  escape  thoise 
who  have  opportunity  to  judge  of  it  To 
render  it  more  clear,  we  will  follow  step 
by  step  the  author  of  the  note,  in  the 
parallel  which  he  draws  between  hia  en- 
gine and  that  with  2  cylinders. 

The  advantages  which  he  claims  in  favor 
of  tho  3-cylinder  system  are :  Ist^  economy 
of  fuel;  2d,  the  faculty  to  increase  tba 
number  of  turns  that  may  be  given  to  the 
screw  T^^thout  gearing  ;  3d,  the  almofll 
complete  balance  of  the  movable  parte 
around  the  shaft,  whatever  may  be  the 
position  of  the  vessel  in  rolling.  We  pro- 
pose to  demonstrate  that,  compared  with 
the  2-cylinder  engine,  these  advantages 
are  null,  or  much  exaggerated;  and  that 
compared  with  the  engine  with  3  cylinders 
independent,  the  new  machine,  derived 
from  the  system  of  Woolf,  is  far  inferior  in 
all  respects,  except  that  of  economy  of 
fuel,  in  which  they  are  sensibly  equal 

1.  Economy  of  Fuel.— Tho  note  esti- 
mates at  20  p(>r  cent,  the  economy  of  fuel 
which  the  new  engines  reahze  over  the  2- 
cy Under  engines.  This  is  a  mere  hj'po- 
thesis,  which,  thus  far,  is  not  confirmed 
by  facts.  In  reahty,  if  we  recur  to  the 
experiments  on  the  Loiret,  which,  on  ac- 
count of  their  great  number  and  duration, 
are  entitled  to  confidence,  the  mere  econ- 
omy of  the  new  engine  over  the  old  one 
is  Init  3  per  cent,  and  in  the  case  mosi 
favorable  for  it  is  hut  7.2  per  cent  And 
we  must  further  remark  that  the  2-<^lin- 
der  engine  on  which  the  experimenta 
were  made  was  that  of  the  Loiret,  tempo- 
rarily transformed  for  the  purxjose;  and 
that  it  presented,  as  we  have  already  said^ 
in  respect  to  the  working  of  the  steam,  a  ' 
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certain  inferiority  to  the  ordinary  2-cylin- 
der  engine,  because  of  the  unusual  cir- 
cuit the  steam  had  to  make  on  its  way  to 
the  cylinders,  and  because  of  the  irregu- 
lar working. 

Actually,  if  we  compare  the  new  sys- 
tem with  that  of  the  3  independent  cylin- 
ders, it  will  suffice  to  assure  us  that  they 
are  sensibly  equal  in  economy  of  fuel,  to 
look  at  the  following  table,  which  shows 
the  results  of  the  experiments  recently 
made  under  full  steam  by  the  frigates. 
The  Magnanime,  the  Savoie,  and  the  Yal- 
eureuse  have  engines  on  the  new  system 
of  Mons.  Dupuy  de  L6me;  and  the  Ee- 
vanche  and  Gauloise  have  engines  with 
3  independent  cylinders: 
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The  consequences  derivable  from  these 
figures  are  :  1st.  K  we  compare  together 
the  engines  built  by  the  works  of  the 
Forges  et  Ghantiers,  we  see  that  the  Re- 
vanche, working  with  3  cylinders  independ- 
ent, has  an  advantage  of  6.6  per  cent,  over 
the  Savoie,  with  the  new  arrangement. 
The  Gauloise  and  Magnanime,  by  Maze- 
line,  the  advantage  is  6  per  cent,  in 
favor  of  the  new  arrangement.  2d,  Com- 
paring the  mean  consumption  of  the  3 
new  engines  with  that  of  the  2  ordinary 
ones,  we  find  1  per  cent,  in  favor  of  the 
former.  From  these  we  may  conclude 
that  the  2  types  are  sensibly  equal  in 
economy  of  fuel,  under  the  conditions  in 
which  they  were  tried.  But  it  should  be 
observed  that  in  the  ordinary  engines  one 
source  of  economy  was  neglected ;  since 
the  same  degrees  of  saturation  were 
maintained  as  in  the  others,  though  the 
pressures  averaged  28  inches  lower.  If 
the  blowing-off  had  been  proportioned  to 
the  pressure,  there  would  assuredly  have 
been  an  economy  of  at  least  4  per  cent, 
in  favor  of  the  old  system. 

We  will  add  that,  for  the  greater  num- 
ber of  competent  men,  it  is  no  longer 
doubtful  that  with  an  ordinary  engine, 
conveniently  disposed,  we  can  obtain  re- 
sults as  economical  as  with  the  Woolf  en- 
gines. 

Further  :  these  engines  were  not  steam- 
jacketed.  That  of  the  Friedland,  which 
was  the  subject  of  Mons.  Dupuy  de  Lome's 
note,  was  steam-jacketed  ;  and  on  this 
addition,  and  some  other  dispositions,  the 
author  founded  his  hopes  of  a  notable 
advantage  in  favor  of  his  new  system.  As 
these  favorable  additions  and  dispositions 
are  applicable  to  the  old  system,  it  is  clear 
that  this  system  can  derive  an  equal  bene- 
fit from  them  ;  and  that,  consequently, 
they  cannot  affect  the  relative  economy 
of  the  two  systems. 

In  sum,  wo  must  consider  the  two  sys- 
tems as  having  shown  equal  economy  of 
fuel ;  and  there  is  no  appearance  of  that 
economy  of  20  per  cent,  in  fuel,  which  is 
the  question  in  the  note  we  have  to  ex- 
amine. And  we  doubt  if  even  this 
economy,  were  it  realized,  would  compen- 
sate for  the  notable  disadvantages  of  the 
new  engines,  as  compared  with  ordinary 
engines. 

Another  important  fact  appears  from 
the  figures  in  the  preceding  table  ;  it  is, 
that  for  pressures  as  high  as  54  to  60 


inches  in  the  new  engines,  working  with 
full  steam,  the  power  variea  from  3,467 
to  3,506  horses,  while  those  of  the 
Gauloise  with  only  38.2  inches,  and  cut- 
ting off  at  .4,  develop  a  power  of  3,639 
horses.  This  power  was  raised  even  to 
3,886  horses  during  three  consecutive  ob- 
servations out  of  the  nine  \vhit^h  were 
made  during  an  experiment  of  6  hours 
and  20  minutes  ;  the  pressure  then  rising 
to  36  inches.  And  the  Savoie,  with  60 
inches,  developed  only  3,1*^7  horses  power, 
while  the  Revanche,  with  only  26,8  inches 
pressure,  developed  2,554  horses  power. 
Hence  it  appears  that  when  the  new  en- 
gines work  at  the  normal  and  pre- 
scribed pressure  of  53  inches,  and  no 
longer  at  that  of  60,  used  in  the  experi- 
ment, they  will  develop  a  power  notably 
less  than  3,500  horses,  whatever  may  be 
the  energy  of  the  fires  and  the  production 
of  steam ;  because  in  the  trials  the  adjnis- 
eion  of  steam  w^as  at  its  maximum. 

On  tho  contrary,  in  the  ordinary  en- 
gine, the  power,  which  was  kept  at  nearly 
3,000  horses  during  part  of  tho  experi- 
ments, could  bo  raised  much  higher  with- 
out augmenting  the  pressure^  were  the 
production  of  steam  sufficient  to  admit  it 
during  .65  of  the  stroke,  instead  of  only 
.4,  at  which  they  then  worked* 

The  ordinary  engine,  with  three  inde- 
pendent cylinders,  has  theu,  in  this  respect, 
a  eon sider able  advantage  over  that  on  the 
system  of  Woolf  ;  for  the  power  of  this, 
inferior  to  what  it  ought  to  be,  cannot  be 
augmented  except  by  an  increase  of  the 
speed  of  movement,  which  is  already  ex- 
cesBive  ;  wliile  the  speed  of  tho  ordinary 
engine,  without  diminishing  its  power, 
may  be  notaldy  reduced  by  lengthening 
the  pitch  of  the  screw,  accompanied  either 
by  an  increase  of  pressure,  or  by  a  longer 
admission  of  steam,  the  pressure  remain- 
ing the  same,  without  sensible  loss.  The 
pitch,  for  example,  could  be  28.3  feet,  the 
same  as  heretofore  adopted  for  engines 
of  this  power. 

In  other  j^oints  of  Tiew,  the  speed  of 
movement,  which  is  required  to  be  greater 
in  the  engines  on  the  new  system  than  in 
that  to  which  tho  engines  of  the  Oanloise 
may  be  reduced  for  a  given  power,  as  we 
have  explained,  increases  the  chances  of 
derangements  in  the  machinery  so  much 
the  more  by  requirin;^  a  higher  pressure 
and  temperature;  bo  that  there  is  a  con- 
fitraint  to  rim  faster,  when,  on  the  con-  \ 
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trary,  there  should  be  less  speed  than  vt 
the  ordinary  engine,  to  insure  equal  aafd-  -^ 
ty.     This  is  a  grave  inconveniencse. 

While  saline  incrustations  present,  in 
their  formation,  irregularities  which  are 
unexplained,  experience  proves  that  we 
cannot  without  danger  employ  preasureg 
so  high  as  64  inches.  In  fact,  in  the  Loi- 
ret,  with  50  inches  mean  pressure,  copioui 
blowing-off  did  not  suffice  to  keep  the 
boiler  free  from  incrustations,  which  in  96 
houi's  of  firing  attained  to  a  A  of  an 
inch  thickness,  although  care  was  constant- 
ly taken  to  keep  the  sahnometer  (satttr- 
ora^tre)  imder  the  regulation  figure 
of  3°.  It  was  therefore  indispensable  that 
the  new  engines  should  be  provided  with 
surface  condensers,  in  order  that  the  high 
pressures  they  require  ahould  be  admia- 
sible;  and  that  condition  was  pointed  out 
in  1863  by  the  president  of  the  commis- 
sion, for  cases  in  which  this  kind  of  en- 
gine was  persisted  in* 

Finally,  we  must  foresee  the  time  when 
boilers  wiU  be  more  or  less  weakened  by 
use,  and  it  will  be  necessary  to  lessen  the 
pressure  on  the  safety-valves,  and  work 
with  lower  pressure.  In  the  new  engines, 
which,  even  with  the  normal  pressure  of 
54  inches,  do  not  develop  the  power  de- 
sired, there  will  be  a  diminution  of  power 
corresponding  to  the  diminution  of  press- 
ure, while  in  the  Gauloise  engines  there 
will  be  the  capability  of  maintaining  full 
power,  even  with  the  low  preqgurcs,  by 
allowing  the  steam  to  follow  as  for  as  may 
be  necessary, 

2,  Capability  of  increasing  the  nnwher  of 
(urns  of  screws  that  can  Ite  obtained  unth- 
out  geaHng.— To  prove  this  capability,  M. 
Dupuy  do  L6me  depends  on  tho  assiunp- 
tion  that  while  the  effectiveinitial  press- 
ures in  his  engine  is  38,4  inches,  that 
in  the  2 -cylinder  engine  must  be  75*2 
inches.  Without  examining  at  this  moment 
whether  the  initial  effective  pressure  will 
lie  under  all  circumstances  38.4  inchea 
in  the  new  engines,  it  is  easy  to  see 
that  the  author  commits  a  manifest 
error  in  estimating  at  75.2  inches  the 
pressure  in  tho  2-cyhnder  engine  work- 
mg  under  the  conditions  indicated.  In 
effect,  this  is  his  reasoning :  "  With  aa 
engine  with  2  cylinders  equal  in  diame- 
ter and  length  to  those  of  the  3-cylinder 
engine,  and  making  the  same  number 
of  turns,  it  would  be  neeeasary  to  in- 
crease the  mean  pressure  in  the  ratio  ol 


m 


tk 


VAN  NOSTRAND*S  ENGINEE&ING  MAGAZINE. 


87 


8  to  2  :  it  would  then  be  50.4  inches*  in- 
stead of  33.6.  But  to  obtain  this  mean 
pressure  of  50.4,  even  with  an  admission 
of  .7,  and  a  back  pressure  of  4  inches, 
it  would  be  necessary  that  the  initial 
pressure  should  be  79.2,  giving  75.2  inches 
effective  pressure." 

The  firat  of  these  assertions  is  very  ex- 
act; but  the  second  is  absolutely  inad- 
missible. It  is  true  that  the  mean  press- 
ure ought  to  be  50.4  instead  of  38.4 
inches;  but  it  is  easy  to  see  by  the  dia- 
gram, that  to  obtain  a  mean  pressure  of 
50.4  with  an  initial  pressure  of  79.2,  it 
would  be  necessary  that  the  hno  of  press- 
ures should  assume  a  special  curve, 
which  could  not  be  produced  except  on 
the  double  condition  of  close  throttling 
and  cutting  off  at  .2  or  .3  of  the  stroke. 
In  the  case  we  are  discussing,  cutting  off 
at  .7,  we  are  far  from  this  last  hypothesis. 

As  to  throttling,  we  need  not  have 
recourse  to  it:  for  it  is  too  generally  ad- 
mitted, contrary  to  an  opinion  that  has 
long  prevailed  in  the  marine,  and  that 
the  author  of  the  note  seems  still  to  hold, 
that  throttling  is  disadvantageous,  since 
even  in  the  condition  in  which  he  places 
it>  the  loss  of  power  by  it  would  not  be 
less  than  10  per  cent.  And  to  get  a  moan 
pressure  of  50.4,  the  boiler  pressure  would 
be  raised,  not  to  83.6,  but  only  to  the 
point  necessary  to  get  the  mean  pressure 
proposed,  with  the  valves  wide  open,  as 
nas  usually  been  the  practice;  and  in 
that  case  we  should  have  a  diagram  of  the 
usual  form.  Under  these  conditions  it 
will  be  seen  that  for  a  mean  pressure  of 
50.4  the  maximum  will  be  56  inches  in  the 
cylinders,  and  about  34.8  in  the  boilers 
above  the  atmospheric  pressure. 

In  what  concerns  the  engine  with  3  in- 
dependent cylinders,  the  maximum  press- 
ure according  to  the  diagrams  would  be 
54  for  a  mean  pressure   of  33.1  inches.  | 
And,  even  according  to  this  mode  of  com-  ! 
putation,  the  maximum  pressures  in  the  . 
2-cylinder  engines  would  exceed  that  in 
the  new  cnj:^nes  by  only  17.2  inches  in-  ' 
stead  of  36.8,  as  assiuned  in  the  note, 
and  by  only  14.8  inches  in  the  engines 
with  3  independent  cylinders,  an  excess 
that  could  easily  be  made  to  disappear, 
as  we  have  before  shown. 

But  this  mode  of  computation  is  abso- 
lutely inadmissible,  because  it  takes  no 
account  of  the  inertia  of  the  reciprocating 
partflL     In  effect,  during  the  first  half  of 


the  stroke,  the  pressure  on  the  joints  of 
the  connecting-rod  is  equal  to  that  on  the 
piston,  minus  what  is  necessary  to  give 
to  the  reciprocating  parts  the  speed  re- 
quired by  the  movement  of  the  crank. 
During  the  last  half,  on  the  contrary,  the 
pressure  is  equal  to  that  on  the  piston, 
plus  what  is  necessary  to  extinguish  the 
speed,  or  the  vis  viva  generated  during 
the  first  half  of  the  stroke. 

Calculations  of  all  the  particulars  of 
this  nature  involved  in  the  three  types  of 
engines,  show  that  the  new  engine  has  an 
advantage  of  only  10  per  cent,  over  the 
2-cylinder  engine;  that  is,  in  the  ordinary 
2-cylinder  engine  the  maximum  pressure 
is  only  10  per  cent,  greater  than  in  the 
new  engine;  and  in  the  engine  with  3  in- 
dependent cylinders  the  maximum  press- 
ure is  a  third  less  than  in  the  new  engine. 
These  consequences  singularly  attenuate 
the  importance  which  the  author  hopes 
to  draw  in  favor  of  his  new  engines,  from 
the  consideration  of  the  more  equable 
pressure  on  the  gudgeons  and  crank-pins, 
as  compared  with  the  ordinary  2-cylinder 
engine;  and  they  show,  in  this  respect,  a 
great  adyantage  in  favor  of  the  engine 
with  3  independent  cylinders — a  double 
result  which  appears  not  to  have  been 
foreseen. 

3.  Static  Equilibrium, — The  third  ad- 
vantage claimed  by  the  author  in  favor  of 
the  new  engine  is,  "  the  almost  complete 
static  equilibrium  of  the  moving  parts 
around  the  shaft." 

This  assertion  is  evidently  exaggerated, 
for  the  fixing  of  the  3  cranks  at  90°  and 
135°  distance  affects  notably  (in  the  ratio 
of  1  to  1.4^  the  static  equilibrium  in  ques- 
tion. If,  m  this  respect,  we  compare  the 
engine  of  the  Friedland  with  2-cylinder 
engines,  which  are  counterweighted,  as  in 
the  practice  of  Mazeline  and  Lidret,  it  is 
easy  to  see  that  the  latter  are  in  the  best 
condition  of  static  equilibrium;  and  that 
if  one  them  had  been  set  up  in  the  Champ 
de  Mars  in  the  same  manner  as  that  of 
the  Friedland,  it  would  have  shown  re- 
sults superior  in  this  respect. 

As  to  the  engines  with  3  independent 
cylinders,  they  also  are  manifestly  in  the 
best  condition  of  static  equilibrium,  since 
their  cranks  are  fixed  exactly  at  120°. 

Finally,  if  we  consider  the  variations  of 
the  couples  of  rotcdion^  it  wiU  appear,  from 
the  curves  which  represent  them,  that 
there  is  a  considerable  advantage  in  favor 
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of  thG  engine  with  3  injopeudent  cylin- 
ders; and  a  less  but  still  notable  advan- 
tage in  favor  of  the  2-<!yUiider  engine. 
In  effect,  the  ratio  of  the  minim um  to 
the  maximum  power  during  the  revolu- 
tion is:  for  the  3  independent  cylinders, 
1  to  1.4;  for  the  2  cylinders,  1  to  1.74; 
and  for  the  new  engine  1  to  2,5G. 

The  fixing  the  cranlcs  at  90**  and  135° 
has  more  serioua  consequences  than  might 
be  supposed.  We  have  said  that  it  alters 
in  the  ratio  of  1  to  1,4,  the  conditions  of 
the  static  equilibrium.  An  examination 
of  the  curves  of  rotation  will  show  the 
pernicious  influence  which  it  exercises  in 
this  new  point  of  view. 

Conchmons. — Comparing  the  now  en- 
giro,  derived  from  the  system  of  Woolf, 
with  the  common  2-cyliJQder  engine,  wo 
see,  from  what  has  been  shown,  that  the 
latter  (placed  in  conditions  exceptionally 
disadvantageous,  as  it  was  in  the  Loiret) 
consumes  from  3  to  7  per  cent  more  fuel; 
a  small  inconvenience  in  itself,  which  is 
more  than  compensated  in  a  war  vessel 
by  the  advantage  of  emplo}4ng  for  the 
same  number  of  turns  of  the  screw,  a 
much  lower  pressure  in  the  boiler,  and 
consequently  a  lessened  liability  to  incrus- 
tations—so rapid  at  high  temperatures, 
and  a  lessened  danger  of  eventual  rupture 
of  the  boiler;  or,  if  it  be  preferred  to  use 
the  same  pressure,  a  slower  rotation  of 
the  screw  may  be  adopted. 

The  maximum  stress  on  the  gudgeons 
and  crank  journals  are  greater  in  the 
2-cyHnder  engine  ;  but  are  not  double,  as 
the  author  of  the  note  claims;  and  the 
difference,  10  per  cent,  is  at  moat  insig- 
nificant 

Li  compensation,  the  uniformity  of  the 
couple  of  rotations  is  more  satisfactory  in 
the  2-cyUnder  engine,  and  this  engine 
costs  less,  weighs  less,  and  occupies  lesa 
room  ;  and  herein  (besides  the  lower 
boiler  pressure)  is  an  important  military 
advantage,  since  the  excessive  thickness 
of  the  armor  plates  now  used  puts  great 
difficulties  in  the  way  of  the  effective 
armoring  of  the  vital  parts  of  war  vessels. 

Finally,  since  the  normal  pressures  in 
the  boders  are  very  unequal  in  the  two 
engines,  for  a  given  power,  it  follows  that 
when  the  boilers  have  become  weak,  and 
it  is  required  to  lower  the  preBsurc,  con- 
formably tx>  the  rules  in  force,  that  reduc- 
tion will  bo  muf^h  more  disadvantageous 
in  the  now  than  in  the  old  engine ;  for 


the  power  of  the  new  engine  will  decline 
with  the  pressure,  while  that  of  the  oU 
one  will  remain  undiminished  thoogh  the 
pressui'e  be  greatly  reduced, 

After  balancing  their  respective  advan- 
tages and  inconveniences,  it  appears  thai 
the  superiority  atta-ibuted  to  the  new  lOft- 
chine  by  its  author,  over  that  with  2 
cylinders,  is  entirely  contestable.  But 
compared  with  the  3-cylinder  engines 
of  the  Gauloise  t^v^ie,  the  new  type  of  the 
Savoie  falls  short  in  all  respects.  In 
eifect :  Ist.  They  are  equal  in  economy 
of  fuel,  nevertheless,  with  23. (i  inches 
lower  pressure,  the  Gauloise  engines  have 
reahzed  400  horse  power  more.  2d,  They 
offer  more  socui'ity  in  running  the  acrew 
at  higher  speed,  because  the  couple  of 
rotation  is  more  regular,  and  tho  stress 
on  the  journals  is  60  per  cent,  lees,  and 
the  strains  that  may  arise  from  elevation 
of  the  temperature  of  the  steam  are  lesB 
to  be  feared.  3d.  The  static  equilibriiim 
of  the  reciprocating  parts  is  more  com- 
plete, because  of  the  more  regular  posi- 
tions of  the  cranks  on  the  shaft.  4thl  To 
rcalizo  the  normal  power  of  4,000  horses, 
we  can  in  thesQ  engines  reduce  the  speed 
of  screw  adopted  in  that  of  the  Friedland, 
by  increasing  either  the  pressui*e  (with- 
out exceeding  the  limit  of  53.2  inches),  or 
tho  admission  of  steam  ;  while  in  the 
Friedland'a  enj2;ine  it  cannot  be  obtained 
without  exceeding  this  pressure,  or  in- 
creasing the  nimiber  of  turns,  already  too 
great  5th.  As  the  normal  admission  in 
the  Gauloiso  engines  is  but  .4,  when  tho 
boilers  have  become  weakened,  wo  can, 
without  lessening  the  power,  by  cutting 
off  iLiter,  use  a  lower  pressure,  which 
would  bo  impossible  in  the  new  engines, 
where  tho  admission  is  already  at  its 
maximum.  6th.  Fhially,  in  case  of  dis- 
abling one  €it  the  outside  cylinders,  the 
engine  of  tho  Friedland,  in  the  condition 
in  which  it  is  worked,  would  be  nearly  in 
the  predicament  of  a  2-eylinder  engine 
with  one  cylinder  disabled  ;  while  that  of 
the  Gauloiso  could  disconnect  either  of 
its  3  cylinders  without  ceasing  to  be  a  well- 
connected  entwine. 

To  recapitulate:  the  3  advantages  which 
the  author  attributes  to  the  new  engine 
compared  with  the  2-cylinder  engine — 
advantages  which  we  have  reduced  to 
their  just  value  in  this  case — are  changed 
into  many  causes  of  marked  inferiority 
when  compared  with  the  3-cyUnder  en- 
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gine  of  the  Ganloise  tjpe;  which  pos- 
sesses, moreover,  the  aavantages  of  the 
first  order  stated  in  sentences  4  and  5  of 
the  last  paragraph.  This  machine,  de- 
rived from  the  Woolf  system,  is  therefore 
far  from  constituting  an  **  important  pro- 
gressy"  as  didmed  in  tiie  Note.  Its  prin- 
cipal defects  may  pass  nnperceived  in 
time  of  peace,  because  the  occasions  when 
it  is  necessary  for  the  engines  of  war  ves- 
sels to  develop  their  fcdl  power  will  be 
rare  and  of  short  duration.  But  during 
war,  for  which  these  vessels  are  built, 
the  rapid  movements  which  require 
high  pressure  and  hazardous  speeds  of 
piston  will  be  frequently  required  and  ob- 
tained; for  the  persons  in  charge  will 
then  very  often  be  over-excited  by  senti- 
ments which  in  time  of  peace  have  in- 
fiaence  only  in  very  rare  cases  of  danger. 
Then  will  be  revealed  the  serious  dan- 
gers of  these  engines.  In  prospect  of 
such  eventualities,  we  should  not  hesitate 
to  transform  them  without  delay  into  en- 
gines of  the  Cktuloise  type,  which,  hax>- 
pily,  can  be  done  without  difficulty.  This 
tvpe  begins  to  increase  in  the  English 
ieet  (the  type  of  the  Octavia,  by  Mauds- 
lay)  ;  and  the  Commission  of  the  Loiret, 
in  recommending  it  in  1863,  in  preference 
to  that  which  the  ^ote  sought  to  establish, 
indicated  to  the  administration  one  of  the 
best  ways  that  it  could  follow.  That  is 
what  we  have  endeavored  to  demonstrate 
here:  and  we  hope  we  have  done  so  by 
satisfactory  evidence. 


WOOD  Paper.— David  Adam  Fyfe,  of 
Edinburgh,  patents  methods  of  pre- 
paring paper  pulp  from  wood,  etc.  Ac- 
cording to  this  plan  the  wood,  reduced 
to  thin  shavings,  and  cut  into  suitable 
lengths,  is  boiled  under  a  pressure  of 
about  10  pounds  per  square  inch,  first 
TTith  a  solution  of  caustic  soda,  and  after- 
wards with  a  weak  solution  of  sulphuric 
acid.  Next,  the  macerated  shavings  are 
subjected  to  a  crushing  or  opening  out 
process,  and  the  fibre  obtained  is  submit- 
ted to  action  of  a  washing  and  beating 
engine,  the  water  used  in  this  engine 
being  rendered  acid  by  the  addition  of 
about  1  part  of  sulphuric  acid  to  each  30 
parts  of  water.  Finally,  the  fibre,  whilst 
still  saturated  with  acidulated  water,  is 
put  into  a  bleaching  engine  charged  with 
a  solution  of  chloride  of  lime ;    and  in 


some  cases  air  forced  in  by  a  fan  or  pump 
is  caused  to  pass  up  through  the  fibre 
whilst  it  traverses  the  race  of  the  bleach- 
ing engine,  thus  facilitating  the  process  of 
bleaching.  The  patent  includes  the  ap- 
paratus to  be  employed  in  carrying  out 
the  above  mode  of  treatment. 


SHIP  Canal  to  Paris.— The  "Eevue 
Modeme,"  of  Paris,  opens  up  an  old 
French  idea,  which  was  also  a  "  Napo- 
leonic idea" — that  of  making  Paris  a  sea- 
port by  a  canal  to  Kouen  and  Havre  via 
the  Seine.  It  was  one  of  Vauban's  pro- 
jects, and  it  was  encouraged  by  various 
monarchs.  The  present  projectors  say 
that  large  ocean  steamers  could  reach 
Paris  by  canal,  taking  the  fi-eight  at  that 
city  and  the  coal  at  Havre.  It  is  proposed 
that  government  shall  guarantee  4^  per 
cent,  to  the  Canal  Company,  and  that  the 
excess  of  the  proceeds  over  6  per  cent,  be 
kept  down  by  reduced  rates.  Remarkably 
enough,  the  ancient  blazon  of  the  city  of 
Paris  is  a  ship.  The  quays  of  the  Seine 
— the  finest  in  the  world — would  seem  to 
have  been  adapted  in  advance  to  that  idea 
of  a  grand  metropoHtan  canal,  which 
would  be  one  of  the  most  arduous  modem 
achievements  in  engineering. 


WATERING  Roads. — A  paper  was  read 
before  the  British  Association  on 
this  subject,  tracing  the  history  of  the 
practice  from  the  time  of  throwing  water 
from  the  gutters  with  a  shovel,  to  the 
watering  cart  of  the  present  day,  which 
inadequately  does  the  work  in  London, 
for  instance,  at  the  cost  of  half  a  million 
(gold)  per  summer.  The  paper  states 
that  1  poimd  or  ^  pound  of  chloride  of 
calcium  and  chloride  of  sodium  mixed 
to  1  gallon  of  water,  thrown  into  the 
watering  cart,  hardens  and  concretes  the 
surface  of  a  road  to  such  an  extent  that 
no  dust  arises.  Also  that  the  saving  of 
water  is  75  per  cent. ;  that  the  deliques- 
cent salts  are  also  antiputrescent;  and 
that  much  cost  of  road  repairs  is  saved. 


pENTIGRADE  to  FAHRENHErr.— Multi- 
\J  ply  the  centigrade  degree  by  2.  Sub- 
tract one-tenth  of  the  product  from  the 
product  itself,  and  add  32  to  the  remain- 
der. The  result  will  be  the  Fahrenheit 
degree. 
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taisore  by  iron  armor.  One  of  the  Tot- 
ten  embrasures  of  the  fort  was  opened 
out  to  a  hole  8  feet  wide  by  6  feet  high, 
and  lined  by  1-inch  iron  plates.  Inside 
the  opening  was  set  up  a  solid  8-inch 
plate  backed  by  a  7-inch  plate  made  in  2 
pieces.  The  15-inch  shield  thus  formed 
was  pierced  by  a  3  by  4  feet  embrasure 
cut  out  of  the  soHd  iron,  with  rounded 
comers,  and  was  supported  in  the  rear,  at 
each  side,  by  a  bracket  extending  from 
the  top  to  the  bottom  of  the  casemate, 
and  biult  into  the  masonry.  The  bracket 
was  made  of  yerticol  and  horizontal  1- 
inch,  and  l|-inch  plates  riveted  together 
like  a  compound  girder. 

A  G24-pound  chilled  iron  shot,  with  a 
61-pound  charge  (representing  70  poimds 
at  500  yards  range),  was  fired  from  the 
12-inch  rifle  at  150  yards  range,  and 
1,180  feet  initial  Telocity,  and  drove  a 
clean  hole  through  the  15  inches  of  iron. 
The  second  shot,  a  15-inch  steel  ball  with 
84  pounds  of  powder,  shattered  the  rear 
of  the  shield,  but  did  not  penetrate.  The 
third  shot,  a  15-inch  cast-iron  ball,  did 
less  damage,  but  knocked  pieces  off  the 
rear  of  the  shield.  Three  15-inch  balls 
and  one  12-inch  rifle  shot  were  then  fired 
at  the  masonry — ^the  unbroken  wall  of  the 
fort,  which  was  found  to  stand  better 
than  the  isolated  masonry  structures  be- 
fore mentioned.  The  1-inch  linings  of 
the  embrasure  did  good  service  in  keep- 
ing out  splinters.  The  box-bracket  sup- 
ports held  on  well,  and  proved,  what  has 
often  been  proved  at  Shoeburyness,  that 
this  is  the  best  construction  for  backing 
and  supporting  shields.  The  plates,  how- 
ever, were  very  defective.  They  were 
rolled  at  Pittsburgh,  from  piles  of  1  J-inch 
plates,  out  of  iron  considered  good  for 
machinery  purposes,  but  evidently  too 
hard  for  armor.  The  English  exporience 
l=>ng  since  proved  that  iron  having  the 
highest  tensile  strength,  is  unfit  for  resist- 
ing sudden  blows,  and  that  hard  steel 
plates  are  quite  worthless  for  this  pur- 
posf*.  Hard  plates  are  cracked  like  glass. 
Soft  plates  are  bulged  and  distorted,  but 
they  Icrp  out  tfu^  fihoL  The  plates  referred 
to  were  also  badly  welded;  this  was  shown 
by  the  complete  separation  of  the  1  J-inch 
laminae  at  tne  fracture. 

The  question  then  arises,  can  our  coast? 
be  protected  by  any  other  means  than 
perpendicular  walls  of  either  iron  or 
masonry  ?   General  Barnard  says  on  this 


subject  in  a  letter  to  the  "New  York 
Times":  "  I  feel  confident  that  every  en- 
gineer would  most  gladly  substitute  earth 
for  crumbling  granite;  far  more  gladly, 
indeed,  than  to  resort  to  a  material 
so  costly  as  iron  and,  as  yet,  so  unscUUfac- 
tory.  Earth  is  the  cheapest  of  all  ma- 
terials, and  the  best  possible  medium  to 
resist  cannon  shot.  Let  any  one,  how* 
ever,  look  at  a  15-inch  or  a  20-inch  gun 
mounted  behind  an  earthen  parapet,  and 
he  vnll  recognize  that  those  who  load 
and  direct  these  ponderous  weapons  are 
scarcely  protected  at  all,  and  this  defect  is 
not  remedied  by  forming  an  earthen  em- 
brasure. Unless,  therefore,  the  battery 
be  very  high,  earth  alone  is  entirely  inad- 
equate as  a  protection  for  guns  or  gun- 
ners. Again,  it  frequently  occurs  that 
very  limited  but  most  important  sites  ore 
to  be  occupied,  such  as  the  artificial  sites 
at  Spitheod,  England,  and  many  on  our 
own  coast,  which  afford  insufficient  space 
for  the  requisite  number  of  gims  in  ordi- 
nary earthen  batteries,  and  which  are  so 
low  that  such  batteries  are  quite  inadmis- 
sible." 

But  another  system  of  protection — Cap- 
tain Moncrieff  s  system  of  gun-coi-riages — 
recently  tried  at  Shoeburyness,  has  made 
a  considerable  commotion  in  foreign  mili- 
tary circles,  and  may  be  destined,  in 
some  form,  to  prevent  the  great  exten- 
sion of  the  old  system  of  fortification, 
although  probably  not  to  supersede 
the  use  of  the  defenses  at  present  con- 
structed. By  this  system  the  force  of  re- 
coil is  utilized  for  the  purpose  of  putting 
the  gun  and  gunners  out  of  danger,  by 
sinking  the  gun  below  the  parapet,  and 
that  force  is  stored  up  by  means  of  a 
counterweight,  to  relift  the  gun  to  the 
firing  position  when  reloaded.  And  by 
moans  of  mirrors,  aim  can  be  taken  and 
the  gun  discharged  without  exposing  the 
gunners  to  any  direct  aim  from  the 
enemy,  whether  riflemen  or  others. 

Says  the  "  Army  and  Navy  Gazette"  : 
The  late  trials  have  had  for  their  object 
less  to  test  the  general  working  of  the 
carriage — which  a  very  few  rounds  at 
Woolwich  has  shown  to  be  satisfactory — 
as  to  try  whether  in  respect  of  facility  of 
working,  rapidity,  accuracy,  and  power 
of  sustaining  rough  usage,  the  system 
would  furnish  satisfactory  results.  All 
these  points  had,  one  by  one,  been  urged 
as  objections  to  the  system,  and  one  by 
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ona  Imv©  bad  to  be  abanclonecL  The  7- 
ineli  61'ton  gun  bos  sbot  jast  as  a<^cu- 
rately  Irom  tbe  Moncrieff  carriage  as  it  is 
capable  of  doing  when  mounted  in  the 
ordinary  way.  It  has  ehot  well  not  only 
at  a  fixed  but  at  a  moving  object- — ^thuB 
disponing  also  of  the  objection  that  the 
carriuge  wonld  be  difficult  to  manage. 
On  tiuH  point  farther  satisfactory  e\idence 
in  allorded  by  the  fact  that  three  men 
manriged  the  22-ton  gon,  counten^^eight 
and  carriugo,  with  ease  and  very  fair  ra- 

Sidity.  With  a  fnll  detachment,  a  rate  of 
re  of  one  round  in  1  min.  32  8ec»  was 
attained  at  a  moving  object  We  have 
little  doubt  that  it  wdl  be  found  practi- 
cable to  serve  and  fire  gims  mounted  on 
this  system  at  a  rate  not  exceeding  a  round 
a  minute. 

It  cannot  lie  doubted,  says  this  author- 
ity, that  the  Moncrieff  system  is  destined 
to  revolutionize  the  art  of  defense,  except 
in  poaitions  where  earthworks  are  not 
permissible;  positions  such  as  Bhools,  or 
spits  of  land  ;  or  for  sea  forts  like  the 
Plymouth  breakwater  fort 

Wo  may  assume  that  earthworks  will 
tako  the  place  of  masonry  and  iron 
Bhields  ;  and  that  beliiiid  these  eai'th- 
works  will  bo  placed  Moncrieff  bat- 
teries. Or  better  still,  earthworks  them- 
8elv©3  will  disappear  and  give  w^ay  in 
large  measure  to  gun-pits,  from  which 
the  guns  would  rise,  deliver  their  iire, 
and  disappear,  leaving  no  mark  for  the 
©nemy*8  fire  or  tangible  object  of  at- 
tack. A  more  embarrassing  position  for 
an  army  advancing  through  what  is 
deemed  an  undefended  country,  and  lind- 
ing  itself  suddenly  face  to  face  with  an 
invisible  fortress,  cannot  well  be  con- 
ceived. But  til  at  is  the  prospect  which 
the  adoption  of  the  Moncrieff  battery 
holds  out  to  us  ;  or  we  have  the  prospect 
of  an  unbroken  lino  of  earth  parapet, 
from  behind  which  at  uncertain  intervals 
guns  will  keep  popping  up.  The  defend- 
era  in  both  cases  woidd  bo  absolutely  se- 
cure against  horizontal,  and  only  shghtly 
exposed  to  vertical  fire.  Or,  if  great  stresa 
be  liid  on  security  against  vertical  fire,  a 
Bimplo  mechanical  arrangement  can  easily 
applied  which  would  make  gun  and 
a-pit  quite  snug.  And  the  important 
ftture  of  the  system  is  that  batteries  on 
tliift  plan  can  be  improvised  at  a  short 
notice*  No  expensive  or  elaborate  con- 
caruto  foundations  are  required,  owing  to 


the   absence  of  a  horizontal   u 
strain  upon  the  platform  or  ru  e 

strain  being  absorbed  by  the  recoiijig 
carriage) ;  and  the  creation  of  a  little  fur- 
tress  of  gun-pits  might  be  left  until  war 
w  as  imminent  so  long  as  we  had  in  store 
plenty  of  guns  and  MoncrieiT  carriages  to 
place  in  them. 

The  unprofessional  writers  in  Eng- 
land, however,  go  to  ridiculous  lengt^ 
praising  the  new  system,  and  der 
forts  and  all  that  military  science  liaii 
heretofore  accomplished.  Says  a  writer 
in  the  *'  Saturday  Review,"  we  have  ffj^ent 
X'5,000,0O0  upon  works  that  Captain  Mod- 
ciieffs  discovery  had  already  rendered 
useless  and  worse  than  useless*  To 
which  a  WTiter  in  **  Engineering**  re* 
sponds  in  defence  of  forts,  as  follows  ; 
With  all  the  advantages  of  the  Moncrieff 
"  discovery,**  forts  will  be  just  as  neces- 
sary as  ever  they  were.  One  of  the  great 
objects  of  defensive  works  is  an  obdnic- 
lion  to  the  enemy,  which  neutralizes  his  ef- 
forts and  delays  him  at  points  where  his 
l>uwer  is  the  least,  u  ider  the  most  effect- 
ive defensive  fire;  and  a  means  of  direc 
ing  upon  him  shot,  shell,  or  musket 
fire,  from  a  commanding  position  _ 
every  point  within  range  of  the  defensi^ 
weapons.  The  guns  in  these  const 
tions  may  be  in  casemates  or  in  open  ba 
teries.  Captain  Moncrieff*fl  inveutio 
win  not  enable  us  to  dispense  with  coa 
stnic tions  such  as  these. 

For  example,  say  that  a  strong  foro 
were  determined  to  seize   a   battery 
Moncrieff-mouuted  guns  in  a  pit — whic 
is  a  species  of  fortification — they,  meetii 
no  liindi'anco  but  the  shot  from  the  j 
might  very  quickly,  though  with  decide 
loss,  seize  the  guns  and  gunners,  while 
times  the  same  number  of  men  woidd  no 
lie  al>le  to  seize  the  same  number  of  guna" 
in  a  well-fortified  position. 

Let  as  fiiippose  a  fortress  construe 
ed   on  modern  principles — with  a  glacJ 
ditch,  and  covered  way.      The  march 
the  storming  party  must  be  up  the 
cHned   plane   of   the   glacis,    every  inc 
of  which   is  exposed  to  the  fidl   swee 
of  the  musketry  fire  from  double  lin€ 
of  sliarpshooters,   on  the   covered  waj| 
covered  hy    an    indestructible    paraj: 
—  the  whole  breadth    of    the    glacis - 
and  the  artillery  on  the  ramparts  insid 
the  ditck     It  is  surely  clear  to  those  ~ 
posed  to  think  J  that  an  assailant  in  fo 
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ing  its  waj  under  these  conditions  np  to 
the  ditch,  would  have  snffered  far  greater 
loss  than  in  marching  up  to  the  edge  of  a 
gun-pit  In  the  latter  case  his  effort 
would  have  attained  its  object;  in  the 
former,  bj  far  the  most  dangerous  part 
of  the  struggle  would  be  only  commencing. 
By  escalade,  "  the  most  desperate  of  mil- 
itary undertakings,"  would  be  the  only 
chance  of  ensuring  succesa  "While  low- 
ering their  ladders  into  the  ditch,  de- 
scending, and  raising  them  against  the 
escarp,  the  loss  of  the  assailants  from 
the  musketry  of  the  enceinte  and  the  ar- 
tillery on  the  flanks  playing  upon  them 
with  terrible  precision,  must  be  fearfuL 
Add  to  this  tiie  reception  they  would 
meet  with  the  point  of  the  bayonet  when 
they  reached  the  top  of  the  ladders, 
with  the  certainty  of  many  of  these,  with 
their  human  loads,  man  closely  following 
man,  being  hurled  into  the  ditch,  crush- 
ing or  demoralizing  all  below,  while  the 
musketry  and  artillery  of  the  place  are 
continuing  to  pour  upon  them  their  dead- 
liest fire.  It  is  surely  unnecessary  to  fol- 
low the  scene  to  greater  length,  though 
this  is  not  its  end,  to  prove  the  immense 
difference  between  the  defensive  power 
of  a  well-fortified  position  and  an  extend- 
ed gun-pit 

This  authority  concludes,  that  the  ear- 
lier adoption  of  the  Moncrieff  system 
would  not  have  superseded  the  necessity 
for  any  of  the  late  defensive  works  in 
England,  but  admits  that  it  will  greatly 
add  to  the  defensive  power  of  many  of 
these  works.  In  open  batteries  the  secu- 
rity it  will  afford  to  the  gun  and  gimner 
will  1)€  of  immense  value,  and  where  in 
those  the  embrasures  would  have  required 
iron  shields,  it  is  possible  i^l,000  a  gun 
may  be  saved  by  the  adoption  of  the 
Moncrieff  carriage. 

Says  General  Barnard,  in  the  acticle 
before  quoted:  Until  something  is  estab- 
liith^  with  regard  to  future  construction, 
we  must  try  to  make  the  best  use  of  such 
means  as  we  have,  and  including  among 
them  earth  obstructions,  torpedoes,  float- 
ing batteries,  etc. ;  and,  though  last,  per- 
haps not  least,  the  newly  devised  carriage 
which  I  should  call  the  "Moncrieff"  were 
it  not  that  a  model  by  an  American  "  en- 
gineer" oflScer,  on  precisely  the  same 
principle,  has  been  in  existence  for  many 
years,  and  that  other  plans  to  accomplish 
the  same  purpose  have  been  under  study, 


I  and  even  trial,  with  us  during  the  last 
!  year  or  two. 

Mr.  Bridges  Adams,  after  describing 
!  Moncrieff 's  system,  says :  So  far  all  appears 
\  perfect  The  weight  of  the  simple  gun  is 
multiplied  into  a  machine  tripled  or 
quadrupled  without  any  advantage  as  a 
gun  of  position,  but  vnth  considerable 
disadvantage  as  a  weapon  of  attack,  by 
reason  of  that  very  weight,  unless  by  the 
use  of  rails.  The  mark  is  rendered  more 
difficult  to  aim  at,  but  there  is  a  mark, 
and  a  very  prominent  one,  in  the  form  of 
a  mirror,  and  unless  the  gun  can  be  made 
to  change  its  position  after  every  shot,  a 
concentrated  fire  may  be  brought  to  bear 
upon  it  as  soon  as  it  rises.  The  guns 
should  therefore  be  on  rails  for  lateral 
movement.  Any  attacking  force  using 
the  same  guns,  would  have  to  lay  down 
rails  in  trenches,  with  earthwork  para- 
pets. 

As  a  means  of  coast  line  defense  a  cur- 
vilinear sunk  railway,  armed  with  Captain 
Moncrieff's  guns,  would  be  far  more  for- 
midable than  any  fixed  forts,   and  far 
cheaper.    But  if  made  fixtures  in  sunken 
pits,  they  must  either  be  covered  over,  or 
they  would  be  destroyed  by  shells,  for  we 
may  be  sure  that  the  process  of  shelling 
will  assume  quite  a  new  phase  in  accuracy 
under  this  new  stimulus,  and  that  shells 
I  will  be  planted  nearly  as   accurately  as 
I  point  blank  shot,  by  vertical  fire,  and  even 
from  ships  with  a  stable  base  in  tolerably 
I  calm  weather. 

I     In  conclusion,  it  should  seem  that  the 
I  thorough  examination  and  test  of  Mon- 
,  Crieff's  system  is  even  more  important 
iin    America  than  in    England.      When 
'  an  invention   involving  a   large  expen- 
diture has    run    the    gauntlet    of   the 
War  Office  and  Shoeburyness,  with  per- 
fect success,  it  can  hardly  be  deemed  an 
"  experiment"    We  think  this  invention 
should  bo  taken  up  at  once  by  our  Gov- 
ernment, as  a  tested  war  machine.   Tlicre 
is  little  doubt  that  Captain  Moncrieff's 
i  apparatus  would  be  improved  and  sim- 
1  plified  by  the  best  mechanical  engineers, 
:  either  English  or  American,  and  if  an  in- 
]  ducement  were  offered    to  our  leading 
machine  builders  now  to  study  upon  it, 
;  and  prepare  for  its  manufacture,  more 
defensive  plant  and  machinery  could  be 
put  into  tne  field  in  three  months  than 
j  the  old  system  could  supply  in  as  many 
years. 
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RAIL  Testoig  Uachcie.— -Messra  Wm. 
SelleiB  &  Co.  are  building  a  portable 
drop  for  the  Philadelphia,  Wilmington, 
and  Baltimore  Railway,  to  be  used  for 
testing  the  resistance  of  rails  to  wheel 
blowa  A  75-poimd  weight  is  raised  by 
hand,  falls  4  feet,  and  is  caught  on  the 
reooil  by  an  ingenious  pawl,  so  as  to  strike 
no  short  blows.  Each  blow  is  recorded 
by  an  aatomatio  counter.  Some  thou- 
sands of  blows  from  this  drop  are  con- 
sidered a  nearer  approach  to  actual  ser- 
Tice  than,  for  instance,  the  ton  weight 
fidling  18  feet,  which  has  been  established 
for  steel  rails. 


ONE  iDEii  Mest. — An  exchange  remarks 
that  they  are  seldom  healthy,  wealthy, 
or  wise — ^nature  loves  yariety;  to  which 
another  answers:  Nonomnes  omnia possu-' 
miML  Concentration  of  thought  and  effort 
in  one  direction  are  necessary  to  distin- 
guished succes&  Watt  was  not  a  jack  at 
all  trades — ^we  may  add — ^if  he  did  invent 
photography  as  weU  as  the  steam  engine. 


THE  Baldwin  Locomotivb  Works  have 
received  during  the  past  year  orders 
for  no  less  than  224  locomotives.  These 
orders  come  from  all  parts  of  the  United 
States  and  from  South  America,  and  they 
are  being  executed  at  the  rate  of  15  per 
month.  The  capacity  of  the  works  will 
be  20  locomotives  per  month  when  the 
new  shops,  now  well  advanced,  are  com- 
pleted. 

SHINGLE  Machine.— Walker's  is  said 
to  be  in  general  favor.  The  peculiari- 
ty which  distinguishes  it  from  other  ma- 
chines is  in  the  fact  that  it  does  not  move 
the  bolt  to  be  sawn  to  the  saw,  and  then 
gig  it  back,  or  carry  it  circuitously  back 
to  its  place,  but  conveys  the  saw  to  and 
fro  to  bolts  lying  on  either  side  of  its  cen- 
tre.— Iron  Age, 


SHIPBUILDING  m  the  United  States, 
according  to  the  daily  press,  is  reviv- 
ing. Before  the  war,  50,000  to  70,000  tons 
were  annually  put  afloat;  the  rebellion 
prostrated  the  business  totally,  and  since 
the  war,  builders  have  been  very  timid, 
and  more  devoted  to  securing  favorable 
legislation  than  improved  construction 
and  good  contracts. 


BIVAL  TO  the  Mississippi. — A  project  is 
'  on  foot  to  effect  steam  communica- 
tion by  water  between  Ohio  and  the  Gulf 
of  Mexico,  at  Mobile,  passing  through  the 
Tennessee  River  past  the  muscle  shoals, 
ind  connecting  with  the  Coosa  Biver  by  a 
tteam  canal  thirty  miles  long. 


TI7ALKINO  Machinbs.  —  The   "steam 

» '   man  "  was  a  most  impracticable  de- 

▼ioe  for  locomotion,  but  judging  from  the 

newspaper  accounts,  the  "walking  pas- 

«en^r-car"  that  api>eared  lately  in  Now 

Jork  would  seem  to  be  its  peer. 

TMAMOSDS,  fastened  into  a  revolving 
//tabe, are  employed  to  dnU  rocks  in 
fefnoW  machine,  recenUy  tooted  m 
ennouL 


STEAM  Stone  Bbeaeino  Hamuebs,  for 
Lake  Superior  copper  mining,  are 
built  by  the  Michigan  Iron  Foundiy  and 
Machine  Shop  at  Detroit.  One  of  the 
hammers  is  said  to  weigh  50  tons  com- 
plete. The  head  falls  9  feet^  and  strikes 
a  78-ton  blow. 


YALE. — ^The  propriety  of  changing  the 
site  of  Yale  College  to  more  ample 
grounds  is  being  discussed.  The  sale  of 
the  present  location  would  give  a  net  profit 
of  $200,000  over  what  it  would  cost  to 
buy  a  new  and  better  one. 


FORM  OP  Projectile  tor  Penetrating 
Water. — Mr.  Whitworth,  in  a  paper 
before  the  British  Association,  gave  the 
results  of  experiments,  which  clearly 
prove  that  the  flat-ended  projectile  pen- 
etrated both  water  and  armor,  at  an 
angle,  better  than  the  hemispherical  or 
the  gothic  end. 


SPORTING— Its  Effect  on  National 
Character. — ^Lord  Wilton  attempts  to 
prove,  in  a  book,  that  only  peoples  among 
whom  field  sports  are  popular,  have 
achieved  or  maintained  their  freedom. 
The  "Pall  Mall  Gazette"  takes  his  lordship 
to  task  as  follows :  "  The  sporting  classes 
have  furnished  out  all  the  divine  right, 
and  passive  obedience,  and  high  preroga- 
tive men.  Our  liberties^  sad  to  relate,  have 
been  preserxxd  by  tailors  and  cobblers.** 
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CHEAP  IBON. 

The  grand  reqturement  of  the  a^  is 
heap,  abnndonty  and  multiform  iron; 
ron  at  sach  low  prices  that  constructors 
an  afford  to  substitute  it  for  weaker  and 
ess  durable  materials,  and  that  all  kinds 
>f  construction  for  which  iron  or  its  most 
iseM  alloy,  steel,  are  alone  adapted,  will  be 
preatiy  stimulated.  We  want  iron  floors 
md  fronts,  iron  bridges  and  sleepers, 
ran  hulls,  piers,  and  forts,  and  iron  fram- 
ng  and  facing  in  general  instead  of  wood. 
Cf e  want  steel  rails,  tyres,  wheels,  shaft- 
ng,  girders,  tension  rods,  engines,  tools 
md  machinery  to  better  resist  the  wear 
ind  strain  heretofore  inadequately  borne 
jv  iron.  And  in  addition  to  these  com- 
xir&tively  new  and  vast  applications  of 
ron  and  steel,  we  want  a  greater  repro- 
Inction  of  the  constructions  into  which 
bey  enter,  —  more  steam  engines  and 
wilers,  more  ships  and  railroads,  more 
ron  defences,  more  agricultural  machines, 
nore  plant  and  enginery  of  every  descrip- 
iou. 

No  one  thing,  not  even  cheaper  coal  or 
heaper  bread,  could  promote  national 
realth  and  progress  so  directly  and  rapid- 
V  as  cheax)er  iron,  for  its  offices  and 
unctions  are  universaL  It  shapes,  trans- 
K>rts,  constitutes  the  physical  construc- 
ions,  and  is  itself  the  frame-work  of  our 
lew  drilization.  A  greater  production 
4  iron,  even  at  increased  prices,  has  stim- 
ilated  commercial  and  manufacturing  en- 
erpri8e&  A  vastly  greater  production  at 
.  quarter  or  half  the  present  cost,  would 
et  the  world  forward  a  century  in  a  de- 
ada 

There  is  no  other  subject  connected 


with  physical  science,  of  such  present  ab- 
sorbing interest,  not  only  to  the  profes- 
sion, but  to  every  pursuit  associated  with 
or  depending  upon  engineering  in  its 
widest  sense.  The  rapid  development  of 
new  processes,  and  the  promises  and  ex- 
pectations of  schemers  and  experimenters 
in  iron  and  steel,  are  the  town-talk.  And 
certainly  it  is  not,  as  it  too  often  has  been, 
in  periods  of  excitement  about  new  dis- 
coveries, all  talk.  We  are  entitled  to  ex- 
pect immediate  results  of  a  character  so 
marked  as  to  visibly  better  the  condition 
of  men  and  nations.  Doubling  the  life  of 
railroad  way  and  machinery  by  the  use  of 
steel,  involves  a  saving  of  money  that 
must  be  universally  felt  Reducing  the 
cost  of  vnrought-iron  in  its  almost  infinite 
forms,  even  to  the  extent  of  ten  per  cent., 
as  seems  to  be  promised  by  the  Ellers- 
hausen  process,  is  a  blessing  as  well  defined 
and  important  as  a  succession  of  good 
harvests. 

We  devote  a  considerable  space  in  this 
number  of  the  Magazine,  to  articles  on 
various  branches  of  the  iron  manufacture, 
and  we  specially  call  the  att.ention  of  blast 
furnace  managers  to  the  subject  of  Puri- 
fying ores.  Our  blast  furnace  practice 
most  requires  improvement,  and  it  would 
appear  to  be  receiving  the  least  scientific 
aia,  and  certainly  the  smallest  amount  of 
experimental  inquiry. 

Among  the  more  or  less  developed  im- 
provements of  the  day  in  the  iron  and 
steel  manufacture,  the  Bessemer  process, 
of  course,  stands  at  the  head.  As  each 
new  process  presents  itself,  the  compre- 
hensiveness of  Mr.  Bessemer's  scheme, 
and  the  exhaustiveness  of  his  process,  be- 
come   more    apparent      Although    soft 
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and  ductile  eteel  cannot  be  produced  by 
it  from  irons  contnininj^  phosphornR,  nor 
malleable  steel  from  irons  containing  a 
large  proportion  of  gnlpbur,  yet  from  the 
greater  niiniber  of  irons  in  mui'ket,  it  pro- 
duces not  only  good  steel,  but  )iomo- 
geneous  steel,  cast  from  tlie  liquid  state. 
No  other  direct  process  develops  heat 
enough  to  liquify  the  materials  treated, 
and  hence  all  their  products  are  subject 
to  the  structural  defects  of  wrought-iron, 
to  welds  and  consequent  lamination  un- 
der impact,  and  a  treacherous  degree  of 
tenacity  under  strain.  The  particiilar 
leature  of  Mr.  Bessemer'a  process,  show- 
ing the  remarkable  scope  and  maturity  of 
his  design,  is  the  violent  mechanical  agi- 
tation of  the  iron  under  treatment,  as  a 
means  of  promoting  the  intimate  mixtui'e 
of  the  oxygen  and  carbon.  All  other 
direct  processes  are  defective  in  this  par- 
ticular»  and  hence  the  heat  duo  to  the 
chemical  reaction  ia  not  rapid  and  in- 
tense enough  to  promote  fluidity.  This 
is  true  of  puddling  in  all  forms)  and  of 
Heaton's  and  EHershausen's  processes. 
The  mere  introduction  of  air  to  molten 
cast-iron  is  not  the  principal  feature  of 
Bessemer's  invention,  or  rather,  it  is  not 
Bessemer 'a  invention  at  all;  but  the  blow- 
ing of  liquid  cast-iron  into  spray,  so  that 
the  oxygen  can  get  at  all  parts  of  it  at 
once — the  mechanical  air  stirring  is  the 
essence  of  Bessemer's  invention. 

The  EUershausen  process^  just  now  at- 
tracting such  great  attention ^  and  herein- 
after described,  is  too  new— its  product 
has  been  subjected  to  too  few  analyses, 
and  its  vxnite  to  too  few  economical  tests, 
to  warrant  unqualified  confidence,  al- 
though its  remarkable  succesa  as  far  as 
tried,  stops  the  mouth  of  the  most  con- 
iiervative  old  fogyism. 

The  Heaton  process,  already  the  sub- 
ject of  endless  disquisitions,  if  not  quar- 
rels, in  the  Engbsh  papers,  is  also  too 
little  tested  to  warrant  positive  conclu- 
sions. Its  advocates  base  their  state- 
xnenta  and  arguments  mostly  on  assump- 
tions*  and  the  opposition  on  one  set  of 
analyses  by  the  oft-quoted  and  much 
polled  about  Dr.  Miller. 

We  have  referred  in  another  place  to 
^o    Siemens- Martin    process,   a   proved 
*^^<i  eetabUshed  success,  and  to  the  Sie- 1 
mens  furnace,  an  accessory  to  cheap  iron 
and  steel,  of  hardly  less  value  than  either  . 
of  the  processes  mentioned.  | 


The  refining  of  iron  is  certainly  ma 
good  progress;  we  wish  we  comd  sp 
as  confidently  of  the  manufacture  of 
This  ia  the  weak  point  in  the 
scheme  of  cheap  irom  Bessemer^ 
blow,  and  Siemens  may  heat  ne^ 
wisely,  but  if  our  smelters  do  not  culti- 
vate more  intimate  relations  with  chemi- 
cal  and  metannrgical  science,  the  iron 
millennium  will  not  dawn  upon  this  gene- 
ration. 


UNDEBGKOUND  CITY  R.UI.WAISw 

ENOINEERINO    nUTICULTTES — ^flUCTICAX 
COMMEBCDLL  StJCGESS — THE  LOKDOK 
rOUTAN  BAILWAY. 


Under  the  title  of    "  The  Great  Rail- 
way in  Dilmda,"  "  Engineering  **  gives  a 
graphic   account  of    the   difiBcuUies  en- 
countered   in    constructing    the   Metr 
politan  Ballwav,  the  remarkable  ene: 
and  success  with  which  they  have  beei 
overcome,  and  the  extent  of  the  cxcavi 
tions,  as  compared  with   other   artifi- 
subterranean  works,  from  which  xt%  €» 
tract  the  following  ; — 

Beyond  the  minor  troubles  to  wbidi  all 
railway  engineers  are  bom — ^thoso  with 
committees,  boards,  vestries,  juries,  and 
the  owiaers  and  agents  of  every  piece  of 
property  at  w  hich  they  dare  so  macb  at 
to  look — the  underground  railway  baft 
presented  difficulties,  at  aim ost  every  jard, 
sufficient  to  make  or  unmake  a  profe«- 
sional  reputation,  according  to  the  mn^ 
cess  or  fnilure  of  the  attempt  to  overcome 
them.  The  ground  had  to  bo  studied 
everywhere,  almost,  indeed,  inch  by  inch, 
filled  as  it  was,  at  so  many  pointa^  intlft^ 
the  gnaded  and  interlacing  ramifications 
of  half-aH:lazen  gas  and  water  worka,  and 
theles«  easily  diverted  channels  of  the  me- 
tropolii{;an  sewers.  In  one  place  a  row  of 
houses  was  ready  to  move  bodily  forward 
into  the  tunnel;  in  another  a  great  sewer, 
although  approached  but  at  a  respectful 
distance,  wan  ready  to  bun»t  aiKl  fiood  ft 
whole  neighborhood.  This,  indeed,  ac- 
tually did  happen  in  the  Fleet  valley.  Ia 
Parji -crescent  a  fine  house,  one  in  a  large 
sweep  of  mansions,  had  to  I>g  corefullj 
measured,  its  every  detail  drawn,  then 
taken  down,  and  when  the  railway  had 
been  completed  just  beneath  it,  rebuilt  as 
before,  and  so  exaotly  that  you  could  not 
poaaibly  distinguish  it  from  its  neighbors 
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The  work  in  carrying  the  extension  line 
beoeath  a  noble  row  of  houses  in  Pern- 
bridge-eqnare,  transferring  the  bearing  of 
tike  walls  of  these  houses  to  a  new  foun- 
dation, was  of  the  highest  interest,  and 
diflpla  jed  great  boldness. 

The  diversion  of  the  large  s«;wers  was 
in  many  cases  a  delicate  operation.  In 
■ome  instances  a  9  foet  sewer  is  carried 
over,  and  in  othera  under,  the  rails.  The 
Ranleigh  sewer  is  carried  oyer  a  station 
in  a  cast-iron  tube  9  feet  in  diameter,  be- 
tween wrought-iron  girders  having  a  clear 
ri  of  67  feet  Near  the  Victoria  station, 
level  of  the  rails  is  21  feet  9  inches 
below  high-water  mark  in  the  Thames, 
and  a  sewer  is  carried  over  the  railway  in  a 
cast-iron  tube  14  feet  wide  and  ll|  feet 
hi^li.  The  distance  from  the  invert  of 
this  sewer  to  the  roils  is  only  13  feet  7 
inches,  and  it  was  necessary  to  arrange 
the  connecting  flanges  of  the  plates  and 
the  cross  girders  on  the  skew,  to  obtain 
a  sufficient  clearance.  The  tube  is  pro- 
tected by  a  brick  arch  turned  over  it, 
which  carries  the  street  traffic.  The 
drainage  of  the  railway  is  done  by  pump- 
ing-engines. 

One  of  the  neatest  flights  of  the  inven- 
tion of  which  necessity  is  the  mother,  was 
the  taku^of  the  extension  line  beneath 
the  West  London  Bailway,  where  the  dif- 
ference between  the  crown  of  the  lower 
arch  and  the  level  of  the  upper  rails  was 
but  a  few  inches,  and  this  without  the 
least  interruption  of  a  traffic  of  400  trains 
a  day.  The  operation  amounted  to  tak- 
ing out  the  "  bottom  "  of  a  railway  with- 
out delaying  a  single  one  of  the  trains 
almost  constantly  passing  over  it  The 
rails  of  the  West  London  line  were  sup- 
ported upon  longitudinal  sleepers,  car- 
rie<l  upon  transverse  timbers,  projecting 
7  feet  on  each  side  of  the  trenches  that 
were  excavated  for  the  side  walls  of  the 
low  level  line;  between  the  transverse 
timbers  the  permanent  girders  were  placed, 
and  the  side  walls  built  up  in  detail  to 
their  underuidos.  The  length  of  this 
crossing  is  119  yards.  In  getting  in  the 
foundation  of  this  work,  considerable 
trouble  arose  from  the  great  depth  of  the 
day  below  the  surface,  and  it  was  found 
necessary  to  enclose  an  area  of  about  920 
feet  in  length,  and  the  width  of  the  railway 
at  formation,  with  a  clay  puddled  dam  5 
fc^l  thick,  and  varying  from  G  to  20  feet  in 
depth. 


A  little  to  the  west  of  the  Aldersgate- 
street  station  stands  the  now  practically 
completed  meat  market  at  Smithfield, 
the  entire  area  of  which  at  the  rail  level 
is  converted  into  a  depot,  through  which 
i*uns  the  Metropolitan  Widening,  devoted 
to  the  service  of  the  trains  of  the  Great 
Northern,  Great  Western,  and  Midland 
Railways,  whilst  the  London,  Chatham, 
and  Dover  line  makes  a  junction  with  it 
at  the  entrance  to  the  depot.  The  size  of 
the  market  within  the  retaining  walls, 
which  are  deeply  vaulted,  is  625  feet  by 
240  feet,  the  vaults  scrv^ing  as  valuable 
storage-room,  and  the  whole  of  the  depot 
is  roofed  over  with  a  series  of  brick  arches, 
turned  between  a  system  of  girders,  rest- 
ing upon  wrought-iron  columns.  Tho 
upper  surface  of  this  covering  forms  the 
floor  of  tho  market  on  the  street  level, 
between  which  and  tho  platforms  of  tho 
depot  beneath,  commumcation  is  main- 
tained by  fifteen  hoists  worked  by  hydrau- 
lic machinery,  now  being  completed. 

In  structure  merely,  the  works  upon 
tho  Metropolitan  Widening,  the  Qmithneld 
market  works  in  connection  with  the  rail- 
way, the  bell-mouthed  junctions,  the  por- 
tions in  which  the  arch  of  the  tunnel  is  of 
iron,  and  others  where  the  haunches  are 
of  iron,  together  with  the  extensive  em- 
ployment of  iron  centering,  give  special 
interest  to  the  underground  railway,  even 
when  examined  by  the  most  practical  en- 
gineer. 

The  part  of  the  Metropolitan  Railway 
now  open  has  earned  its  120,000  passen- 
gers in  a  single  day,  a  trafiic  hardly  with- 
in the  powers  of  the  6,000  cabs  of  London 
and  the  600  omnibi  of  the  General  Omni- 
bus Company;  a  traffic  not  often  matched 
by  that  over  London  Bridge,  and  hardly 
ever  equalled  by  that  carried  by  the  other 
10  metropolitan  railways  taken  collective- 
ly. There  are  often,  at  the  same  moment 
of  time,  10  well-filled  trains  on  the  double 
line  between  Bishop's-road  and  Moorgate- 
street,  containing  3,000  men,  women,  and 
children;  yet  all  this  vast  movement  un- 
dergroimd  is  unseen,  unheard,  and  in 
hardly  more  than  20  minutes,  these  thou- 
sands reappear  in  the  streets,  three,  four, 
or  more  miles  from  where  they  dived  into 
the  earth. 

A  very  important  consideration — which 
the  citizens  of  New  York  will  do  well  to 
ponder — is  that  the  portion  of  the  London 
line  already  open,  now  j[>a»/6- — pays  £1,000 
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Frederick  Wittram,  of  San  Fran- 
Qow  in  New  York  city),  has  invent- 
uichor  which  is  radically  different 
11  others.     When  this  anchor  is  not 

the  flakes  lie  concealed  within  the 
>f  the  shank  like  the  blade  of  a 
-knife,  and  therefore  it  can  be  as 
ctij  stowed  as  a  block  of  wood  of 
e  of  the  shank,  as  shown  by  Fig.  2 
engraying.  On  throwing  the  an- 
iverboard,  the  flukes  swing  out,  as 
.  1,  and  no  matter  how  the  anchor 
ne  or  both  flukes  are  sure  to  take 
iius  rendering  it  impossible  for  the 
r  to  drag.  Ajb  there  are  no  projcc- 
sach  as  the  stock,  or  an  unused 
t  therefore  cannot  foul  as  other 
:■  frequently  da  In  weight  it  is 
ird  less  than  ordinary  anchors  of 
capacity.  The  repeated  tests  which 
been  made  of  its  practical  utility 
leen  all  highly  satis&ctorv,  and  it  is 
ktncting  mudi  attention  from  scien- 
id  experienced  nautical  men. 


n. — ^Mr.  Clark,  the  English  bridge 
igineer,  who  has  made  experiments 
kermine  the  shearing  strength  of 
iron,  mentions  the  fact  that  rivets, 
d  hot,  contract  in  cooling,  and 
khe  plates  together,  thereby  causing 
n.  From  this  he  infers  that  the 
of  the  rivet  is  greater  than  the 
ng  strength  of  the  rivet  iron  by  the 
it  of  the  friction.  Later  experi- 
on  riveted  work  show,  however, 
he  value  of  rivets  falls  below  that 
by  Mr.  Clark  for  rivet  iron,  although 
Indc^  friction  also.  Mr.  Fiiirbairn, 
I  "Useful  Information  for  Engi- 
**  mentions  this  fact  about  the  fric- 
ot  appearing  to  help  the  rivets,  but 
lot  attempt  to  accoimt  for  it.  Mr. 
in  his  recent  work  on  shipbuilding, 
ns  it  by  sa^-ing  that  the  friction 
help  the  rivet,  but  that  the  rivet 
?h  weakened  by  the  working  and  by 
iction  during  cooling.  To  show  the 
t  of  this,  he  takes  Mr.  Clark's  values 
e  shearinr?  strength  of  rivet  iron  ; 
Iments  at  Chatham  Dockyard  supply 
acaring  strength  of  rivets  in  place 
ding  friction),  and  some  experi- 
mode  at  Pembroke  (which  are  de- 
d  in  the  book)  give  the  amount  of 
letion;  and  by  deducting  the  diflfer- 
Mtweeii  the  two  lost  from  the  first, 


he  gets  the  amount  which  the  rivet  has 
been  weakened.  To  take  an  example  of 
a  three-quarter  rivet: — Shearing  strength 
orthe  rivet  iron=19*52  tons  for  a  double 
shear;  double  shearing  force  of  a  three- 
quarter  rivet  in  place=18  tons;  mean 
value  of  the  friction  caused  by  a  three- 
quarter  rivet=46  tons,  from  which  we 
find  that  the  shearing  strength  of  the 
rivet  amounts  to  13}  tons,  or  about  6 
tons  less  than  the  double  shearing 
strength  of  the  iron  from  which  it  was 
made.  Mr.  Heed  conjectures  in  the  text 
that  the  principal  cause  of  this  loss  of 
strength  in  the  finished  rivet  is  the  in- 
terior stress  of  the  iron  due  to  the  con- 
traction, and  he  adds  that  there  is  proba- 
bly a  further  reduction  due  to  the  manip- 
ulation which  the  rivet  has  to  undergo  in 
being  manufiictured  and  put  in  place. — 
Mechanics*  Magcuine. 


SUPERSATURATED  SOLUTIONS. — ^Mr.  Charlcs 
Tomlinson,  F.  R  S.,  has  been 
eroerimenting  and  theorizing  upon  the 
subject  of  the  phenomena  of  supersatura- 
tion  in  saline  solutions,  and  has  communi- 
cated to  the  Royal  Society  his  conclusions 
and  the  grounds  upon  which  they  are 
based.  The  conclusions  arrived  at  by 
Mr.  Tomlinson  arc:  (1)  That  a  number  of 
hydrated  salts  form  supersaturated  solu- 
tions, and  remain  so  even  at  low  temper- 
atures simply  from  the  absence  of  a 
nucleus  to  start  the  crystallization;  (2) 
That  a  nucleus  is  a  body  that  has  a 
stronger  adhesion  for  the  salt  than  for 
the  water  which  holds  the  salt  in  solu- 
tion, a  state  of  things  brought  about  by 
the  absence  of  chemical  purity;  (3)  That 
throe  or  four  salts  form  supersaturated 
solutions,  which  in  cooling  down  deposit 
a  modified  salt  or  one  of  a  lower  degree 
of  hydration  than  the  normal  salts;  (4) 
Tliat  this  modified  salt  is  formed  first  by 
the  deposit,  in  small  quantity,  of  the  anhy- 
drous salt,  which  entering  into  solution, 
forms  a  dense  lower  stratum  containing 
loss  water  than  the  rest  of  the  solution,  in 
which  lower  stratum  the  modified  salt  is 
formed;  (5)  Tliat  salts  of  a  lower  degree 
of  hydration  form  supersaturated  solu- 
tions, which  on  reduction  of  temperature, 
or  by  the  action  of  a  nucleus,  deposit  the 
excess  of  salt  that  held  the  solutions 
supersaturated,  leaving  them  merely  satu- 
rated. 
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.KISON  BmVKEN  THK  PSIFOIIMPTY  OF 
.SSKUEll  STEKL  AND  IRON  KAILS. 

:UENTS  UADE  FOR  THE  CENTRAL  R\ILWAT 
ORLEANS   AT    THE    TERRE  NOIRE   WORKS, 
THOSE    OF    PETER   ASHCROFT,    ESQ.,  ON 
USU  IRON  RAILS. 

BT  JOHN  B.  PEAR8K. 

rDinoNS. — 1.  Two  ingots  shall  be 
at  hazard  out  of  the  same  charge 
nibmitted  to  the  subjoined  tests  in 
to  ascertain  whether  their  qualities 
lenticaL  These  trials  shall  be  re- 
i  U|>ou  three  different  charges. 
[Thoose  any  charge  as  a  typical  one, 
f  this  take  one  ingot  and  submit  it 
3  following  testa.  Make  6  charges 
iie  object  of  making  them  identical 
he  typical  one,  and  of  each  of  these 
xges*  take  on  ingot  and  submit  it 
I  some  testa,  and  endeavor  to  obtain 
■  siinilar  to  those  obtained  from  the 
i  charges. 

)  desired  tests  are  as  follows : 
Che  ingots  chosen  for  each  series  of 


tests  shall  be  rolled  into   rails  in  the 
ordinary  way. 

2.  Each  rail  shall  be  submitted  to  a  de- 
flection tost  on  the  following  conditions  : 
The  rail  placed  on  supports  1  metro  apart 
is  to  be  submitted  to  pressure  in  a  hy- 
draulic press.  Ascertain  the  deflection 
under  pressure,  and  the  permanent  do- 
flection  after  removal  of  the  pressure. 

The  hydraulic  press  used  was  con- 
structed at  Graffenstadcn  and  is  fed  by 
3  pumps  worked  by  eccentrics,  whose 
stroke  is  so  regulated  that  the  supply  of 
water  shall  be  as  uniform  as  possible. 

3.  Pieces  of  those  rails,  of  a  length  of 
2  metres,  shall  be  tested  by  a  falling 
weight  under  the  folloi\'ing  conditions: 

The  rail  is  placed  on  2  supports,  the 
centres  of  which  are  distant  1.1  metres 
from  each  other ;  these  supports  rest 
directly  on  a  block  of  iron  weighing 
10,000  kilogrammes  (9  ilJJ  tons).  The 
weight  of  the  drop  shall  be  300  kilogram- 
mes (661.36  lbs.). 

The  subjoined  table  exhibits  the  results 
obtained  in  the  above  series  of  tests: 


FntST  Series  of  Tests. 
Oompariaon  cf  Two  Ingots  from  the  same  Charge. 


GRABGE  Na  677. 

1 
CHARGE  No.  68a 

CHARGE  So.  6ftL 

E&SCRE 

IsGorA. 

LigotB. 

IircoT  A. 

Ihqot  B. 

Iiroor  A. 

IirooT  B. 

XLAUUC). 

M 

££ 

|.s 

II 

hi 

m 

II 

|| 

a 

11 

m  II 

Bframoif  ■ 

Slillim. 
1.7 
2.2 
3.0 
5.2 
10.8 
15.8 

UlUim. 
0.05 
0.1 
0.4 
1.9 
7.5 

11.9 

aiitlim. 
1.7 
2.2 
2.8 
4.7 
8.9 

16.8 

Millim 
0.05 
0.1 
0.3 
1.9 
5.3 
12.6 

Millim. 
1.8 
2.2 
2.7 
3.5 
5.8 
10.5 

Millim. 
0.1 
0.1 
0.2 
0.5 
2.3 
6.4 

MUlim. 
1.8 
2.2 
2.8 
3.6 
6.0 
11.3 

Millim. 
0.0 
0.0 
0.1 
0.6 
2.3 
7.2 

Miilim. 
1.5 
2.0 
2.6 
3.2 
5.3 
9.8 

Millim. 
0.0 
0.0 
O.l 
0.2 
1.6 
5.5 

.Millim. 
l.U 
2.1 
2.6 
3.4 
4.8 
9.4 

Millim. 
0.0 
0.0 

, 

0.1 

0.3 

1 

1 

1.1 
6.2 

55,000 

MUUm. 
60 

Kile*?. 
54.100 

Broke. 

Kllof. 
56.500 

Broke. 

Kllop. 
56,500 

Broke.! 

Kl'oif. 
61,500 

1 
Millim.  1  K'Io<?.  i  Millim. 
60     62. 000  i     58 

1            1 

1            1 

1 

at  n-.i  ■ 

1    rvfl.. 

1 
1 

■fltiou 

after  !}.vw. 

Deflection 
after  Blow. 

Deflection 
aflor  Blow. 

D.'flortion 
ollor  Blow. 

IVfloction 
art.-r  Ulow. 

ira. 

1 

7 

llillim. 

5 

10 

19 

27 

Millim. 

4 

10 

16 

25 

Millim. 
4 

10 
17 
24 

Millim. 

4 

9 
16 
23 

Millim. 

4 

9 

11 

23 
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Second  Series  of  Tests. 
Comparison  between  Seven  Ingots  cf  Different  Charges, 


TYPE 

CHARUE, 

664. 

CHARGE, 
68i. 

CHARGx, 
686. 

charge; 

6»«. 

charge; 

6». 

CHARGE, 
690. 

CHARGE, 

TESTUKDER 
PRES^RB 

DiVUCDOS. 

DlfLMJIMM. 

Dmicnoar. 

DvLBcnos. 

DsnacBox. 

DBTLBcnmi. 

DvuBini. 

(inruRAUUc). 

j 

1 

^ 

h 

g 

-* 

1, 

uniL 
0.1 
0.2 
0.4 
2.2 
11.2 
22.6 

MUIU 

70 

i 

1^ 

Mil!!. 
0.0 
0.1 
0.8 
8.5 
21.3 
40.4 

1 
11 

1 

Kilofframmw. 
15.000 

*jaooo 

:t6,ooa 

30,000 

85,000 

i0,000 

MillL 
1.6 

3.5 
11.2 
23.6 
40.6 

MiUi. 
0.1 
0.2 
1.1 
8.5 
21.0 
36.1 

Milll. 

1.7 
2.2 
2.9 
4.7 
10.0 
18.6 

UiUi. 
0.1 
0.2 
0.3 
1.0 
6.4 

14.0 

UillL 
1.8 
2.2 
3.3 
7.2 
16.2 
29.0 

MUli. 
0.1 
0.2 
0.7 
3.9 
12.1 
24.1 

MUli. 
1.8 
2.3 
2.9 
5.1 
11.4 
20.8 

MUll. 
0.1 
0.1 
0.3 
1.8 
7.6 

16.5 

mm. 
1.9 
2.4 
3.2 
5.6 
15.2 
26.8 

iinii. 

1.6 

2.1 

3.2 

11.6 

25.0 

45.0 

MUIL 
1.7 
2.1 
2.8 
5.0 
12.4 
22.7 

MOU. 
0.0 
0.1 
0.3 
1.9 
8.7 

18.2 

limi* 

50.000 

mui. 
80 

59,000 

Mllli. 
63 

Kilos. 
50,2U0 

1kr*k» 

Kllof. 
44,500 

br'ke 

KOor. 
54,000 

49,500 

MUli. 
74 

Kilef. 
56,200 

MUU. 
65 

DBOP  TESTS. 

DtflaetkiB 
anarBtow. 

IVfleetfcm 
•riar  B.OW. 

DHkcttoa 
miter  Bk>w. 

Deflectfcm 
ftftorB.ow. 

alter  Kow. 

Dofleetkm 
ariar  Blow. 

DeflectioB 
aOarBov. 

nu  laMMTM. 
1,600 

MtUim. 
7 

15 
26 
87 

mnim. 

6 
13 
23 
31 

Mlliim. 

4 

14 

25 

33 

MUUm. 
7 

15 
26 
37 

imuin. 

6 
14 
85 
35 

Mimm. 

7 

15 

26 

37 

muim. 
5 

1,760 

i.000 

14 
25 

^i50 

36 

The  following  conclnsions  flow  natu- 
rmlly  from  the  iSx>Te  tests  : 

1.  The  first  series  demonstrates  the 
pmctical  identity  of  2  ingots  chosen  at 
random  from  me  same  charge.  The 
regalaritv  of  the  resolts  is  remarkable 
np  to  the  pressure  of  25.000  kilogram- 
mes (about  25  tons),  which  represents 
quite  nearly  the  Umit  ifeiaMicUy, 

Above  this  limit  the  differences  are 
still  inconsiderable  compared  to  weights 
(or  pressure  amounting  to  weights  borne. 

2.  The  first  series  develops  a  remark- 
able reguhurity  in  the  charges,  although 
not  made  with  the  object  of  proving  any 
identity. 

Charge  581  is  a  little  harder  than  the 
others,  but  the  results  up  to  the  limit  of 
elasticity  do  not  vary  much  from  those 
given  by  the  other  ingvits,  and  the  varia- 
tion is  too  inconsiderable  to  have  any 
practical  influence. 

a.  The  8ect>nd  series  shows  the  practi- 
cal identity  of  the  6  ingots  with  the  7  or 
tifpe  ingot  The  latter  is  a  little  softer 
than  the  ingots  of  the  3  charges  in  the 


first  series.  It  was  made  so  designedly, 
and  its  qualities  were  reproduced  quite 
closely,  as  the  differences  in  the  perma- 
nent deflection  or  set  are  within  a  few 
tenth.s  of  a  millimetre.  As  in  the  pre- 
vious series,  the  differences  become  great 
only  when  the  limit  of  elasticity  is 
passed. 

4.  The  drop  tests  show  uniform  results, 
which  are  in  harmony  with  those  given 
under  pressure.  The  variations  bring 
out  the  slight  differences  in  the  hardness 
of  the  various  ingots.  For  example,  the 
metal  of  ch.'urge  581  is  a  little  stiffer  than 
that  of  charges  577  and  580.  It  is  also 
apparent  that  the  ingots  of  the  second 
series  were  softer  than  those  of  the  first 
The  experiments  were  conducted  with 
every  care,  by  the  engineers  of  the  Terre 
Noire  Works  in  presence  of  M.  Delom, 
engineer  of  the  Orleans  road,  on  the  part 
of  the  railway  company. 

These  results  are  very  interesting  ps 

showing  a  practical  identity  in  the  pro- 

i  ducts  of  the  Bessemer  procesa     It  would 

\  be  difficult  to  find  any  such  series  of  iron 
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Vjmm  <V  RjJl  OB 

Weight 

Bam. 

Nomber 

of 
Blows. 

Blows 

Increasing 

by  Foot 

asunder. 

Besolt 

of 
Blows. 

Tamed 

or 

net,  before 

Bi-eaking. 

Greatest 
Doflection 

whether 

Turned  or 

not. 

Bbkwcrt 

73'lbs. 
78  lbs. 

M 

II 

82  lbs. 
76  lbs. 

80  lbs. 

76  lbs. 
82  lbs. 

8i*ibs. 

si'lbsL 

81  lbs. 

00  lbs. 

300  lbs. 

u 

u 

Scwt. 

M 

M 
II 
II 
»l 

8001bSL 

»i 

M 

3cwt. 

II 
1* 
•1 

Scwt 
II 
11 

u 
u 

II 

800  lbs. 
II 

11 

11 
10 

;{ 

11 
7 

4  ft  to  6  ft 
4  ft.  to  8  ft 
4rttol4ft. 
N  ft.  and  9  ft 
8  ft.to  16  ft 

all  16  ft 

an  16  ft. 
8  ft.  and  9  ft. 
8  ft.  to  12  ft. 
8  ft.  to  11  ft. 
8  ft.  to  10  ft 
8  ft  fo  14  ft. 

6fft.to0ft 

all  10  ft. 

all  16  It 

all  10  ft 

three  of  10 

ft,  six   of 

16  ft. 

6  ft 

4  ft.  0  In. 

10  ft. 

6ft. 
6  ft  to  16  a 

both  6  ft. 

4  ft.  and  6  ft. 

4  ft. 

6  ft  to  11  ft. 

Broke 

11 

i«         **][ 

(  Nearly**)' 
straight  / 
Iruke. 

Not  turned 

M 
« 

Turned... 
II 

6-16 

7-8 
8  8^ 

88 
8  11 16 

1-2 

1-4 
1 18-16 
1  1-16 

6-8 
23-8 

116 

2  6-8 

4 
41-8 

i*l-'l6 
216-16 

'i-ii* 

21-2 

Too  cold  short. 

Ditto. 

Both  good  and  safe. 

Bad. 

no..anctberra:l 

Dx.atUinlraU 

B^*vcrsbamVi 

Dj 

.   asmermU  tsroed 

asms  rail  tnrned 

Good. 

i( 

M               [III 
It              ^^[[ 

•1      WW 

11              'W 

II 

•1 
It 
II 

II 
« 

II 

14 

*                .... 

Not  turned 
•1 
II 

M 
II 

(1 

II 
II 

luraed ... 

Not  turned 

II 

II 

II 
Fumed ... 

Bad. 

Do..aaotto-rail 

A  yery  good  sample. 

Rather  too  cold  shon^ 

Ditto. 

A  safer  raU  with  a  Una 

granular  head. 
Very  cold  short  and 

questionably  safe. 

Bad. 

Bo.,aBCtber  rail 

DjL^aUurdraU 

Do.afoorthrmU 

BbtvVau 

DoL.aartiMrraU 

Oa.atlurdratt 

Do.,flaiiisraU  turned.. 

Ua 

Da.aaotberrall 

Do.,  anoClier   piece  of 

Da. 

AyerygoodraiLllne 
*and  granular,  indi- 
eating  long  wear. 

Same  tamed 

BUBAW* 

•1 

II                [[[[ 

Mot  turned 
II 

DoL,  aaocber  raU 

Da,  saocher  raU 

Entirely  rotten  or  ex- 

trorooly  hard. 
V?ry  good. 

rails  made  with  pnddled  steel  or  hard 
iron  heads.  The  following  series  of  tests 
made  by  Mr.  Peter  Ashcroft,  engineer  to 
the  Sonth  Eastern  Railway  Company, 
shows  how  much  iron  rails  made  by 
the  same  companies  may  vary  in  strength. 
The  tests  are  classified  according  to  the 
company  upon  whose  rails  they  were 
made.  The  remarks  are  those  of  Mr. 
Ashcroft 

These  trials  were  published  in  "  Engi- 
neering "  and  have  been  rearranged  for 
the  purpose  of  showing  distinctly  how 
much  the  rails  of  each  maker  varied.  The 
tests  show  that  the  majority  of  the  rails 
tried  excepting  those  of  one  company 
(Ehbw  Vale)  were  extremely  brittle  and 
unsafe.  It  is  very  probable  that  the  slabs 
which  are  made  from  old  rails  and  used  in 
the  formation  of  the  rail  piles  vary  greatly 
Im  quality  and  may  indeed  be  altogether 
different;  that  is,  one  slab  might  easily 
be  cold  short,  while  its  neighbor  was  red 
ahori.  It  would  not  be  improbable  to 
aappose  that  in  some  parts  of  the  country 
a  rat]  pile  might  easily  be  composed  of 
alabe  from  rails  of  3  or  4  different  makers, 
with  tops  and  bottoms  puddledand  rolled 


at  the  mill  Now  such  a  rail  would  be 
composed  of  layers  of  different  material 
varying  in  strength,  audit  is  quite  natural 
to  conclude  that  some  of  the  layers  would 
be  so  weak  as  to  partially  destroy  the 
strength  of  the  rail  itself,  by  giving  way 
before  the  stronger  parts  had  been  ma- 
terially strained.  That  is,  a  strong  flange 
is  of  no  use  with  a  web  which  would  give 
way  on  strain,  or  a  head  which  was  made 
so  hard  as  to  crumble  on  the  reception  of 
a  blow,  or  under  the  constant  succession 
of  blows  to  which  it  is  exposed  in  the 
track.  It  is  also  probable  that  a  pile  may 
be  so  heated  as  to  be  burnt  in  some  parts 
while  quite  sound  in  others,  while  the 
temperature  at  which  it  is  necessary  to 
weld  the  slabs  together  is  so  near  that  at 
which  they  may  be  burnt,  that  many  tons 
of  piles  have  been  burnt  in  the  furnace 
by  the  mere  change  of  the  light  in  which 
the  furnace  was  placed.  When  the  poor 
quality  of  iron  used  for  rails  is  taken 
into  consideration  along  with  the  manner 
in  which  the  same  is  worked  up,  it  is 
quite  obvious  that  a  great  deal  of  irregu- 
larity is  natural  to  the  whole  series  of 
operations. 


loe 
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TUE  EIXERSHAUSEN  PIIOCESS. 

The  recent  and  remarkable  invention  of 
Mr,  Elleraliaunen,  whicli  is  now  rc^ilarly 
in  use  in  Pittsburg,  and  is  beinf(  rapidly 
introduced  all  over  the  country,  liaa 
greatly  advanced  the  solution  of  this  im- 
portant problem.  So  many  new  eteel 
and  iron  processes  are  brought  to  notice 
every  day*  that  the  improfertsional  reader 
cannot  keep  track  of  tliuir  names  and 
aims.  The  value  of  this  process  may  be 
firfcrred  from  the  fact  that  a  no  less  re- 
spectable Board  of  Ti'ustoeH  than  MeBSrs. 
Asam  L.  Hewitt,  E.  B,  Ward,  Jas.  Harri- 
son, Jr..  and  several  FittHburg  iron  mas- 
ters, are  now  granting  Ucenaea  under  the 
Ellershansen  patten  ta. 

The  process  consists  in  the  conversion 
of  crude  cast  iron,  as  it  runs  from  the 
smeltinfj  furnace,  into  wrought  iron,  by 
the  simple  adniixture  of  granulated  iron 
ore.  It  is  carried  out  at  the  works  of 
Messrs.  Shonberger,  at  Pittsburg,  in  the 
following  manner:  On  the  casting-floor 
of  the  smelting  furnace  a  cast-iron  turn- 
table, about  18  ft,  in  diameter,  is  revolved 
on  rollers  by  a  small  steam-engine.  Upon 
the  outride  edge  of  the  table  stand  a  row 
of  cast-iron  partitions,  forming  boxes,  say 
20  inches  wide  and  10  inches  high,  open 
at  the  top.  Just  above  the  circle  of  boxes 
stands  a  stationary,  wide-mouthed  spout, 
terminating  in  the  tap*hole  of  the  furnace. 
When  the  furnace  is  tapped,  the  liquid 
iron  runs  down  this  Bpout  and  falls  out  of 
it  in  a  thin  stream  iuto  the  boxes  as  they 
slowly  revolve  under  it,  depositing  in  each 
a  film  of  iron,  say  one- eighth  of  an  inch 
thick.  But,  before  the  ftdl  of  melted  iron 
reaches  the  boxes,  it  is  intercepted,  or 
rather  crossed,  at  right  angles,  by  a  thin 
fall  of  pulverized  iron  ore,  which  also  runs 
out  of  a  wide  spout  from  a  reservoir  above. 
These  two  streams  or  falls  are  of  about 
equal  volume,  say  one-quarter  of  an  inch 
deep  and  20  inches  wide,  A  workman, 
with  a  bar  in  the  tap-hole,  regulates  the 
stream  of  iron,  and  the  iron  spout  from 
which  the  liquid  metal  falls  into  the  boxes 
is  removable  ;  other  s]iouts,  previouHly 
coated  with  loam  and  dried,  being  attach- 
ed to  a  common  revolving  frame»  so  as  to 
be  ready  for  use  when  the  loam  covering 
of  the  first  becomes  cracked  or  removed. 

The  thin  layers  of  iron  and  ore  soon 
chill  and  solidify,  so  that  by  taking  away 
the  outer  partition  of  the  bores  (which 


form  the  rim  of  the  turn-table),  they  may 
be  removed  in  cakes  of  the  size  of  the 
boxes,  and  weighing  about  200  lbs.  each* 
Four  of  these  eakea  or  blooms  are  put 
into  a  reverberatory  puddling  or  heating 
furnace,  and  raised  to  a  bright  yellow 
heat  They  will  not  melt  at  this  heat, 
but  become  softened  so  as  to  be  easily 
broken  up  with  a  bar»  The  four  blooms 
are  formed,  in  the  furnace,  by  the  "rab- 
ble" of  the  workman,  as  in  ordinary 
puddling  operations,  into  eight  balli 
The  balls  are  brouglit  out,  one  after 
otlier,  squeezed  in  the  ordinary  **  sqUi 
ers  *'  to  expel  the  cinder  and  superduoi 
ore,  and  then  rolled  into  wrought-iroii 
bars,  which  are  now  ready  for  market,  or 
for  further  reduction  iuto  smaller  iiniahed 
forms. 

The  chemistry  of  tha  operation  is  as 
follows:  The  crude  cast-iron  contains 
say  5  per  cent,  of  carbon  and  2  per  cent. 
of  silicon,  and  more  or  less  sulphur,  phos- 
phorus, and  other  impurities.  In  the 
Bessemer  process,  the  oxygen  of  the  air, 
blown  into  the  liquid  iron,  combineJi  with 
this  carbon  and  these  other  impurities, 
and  not  only  removes  them,  but  leaves 
the  pure  iron  in  a  liquid  state,  from  which 
it  t»an  be  cast  into  homogeneous  masses 
of  any  size.  In  the  puddling  process,  the 
oxygt?n  of  the  air  and  of  the  ore,  or  other 
*' fettling"  put  into  the  furnace  with  the 
iron,  combines  with  and  eliminates  the 
impurities,  which  are  afterward  squeezed 
out  of  the  pasty  mans  by  the  squeezers 
and  rolls.  This  process  is  long  and  com- 
paratively expensive,  because  the  mixtaro 
of  oxygen  or  oxygen-bearing  substances 
is  nut  made  intimate  with  the  iron  except 
by  long  stirring,  which  is  not  only  akil* 
ful,  Imt  DxhauHting  work. 

lu  the  Ellershauseu  process,  the  oxygen 
of  the  ore  or  oxide  of  ii^on  (magnetic  ox- 
ide IS  preferred )  combines  with  the  car- 
bon and  impurities,  eliminating  them  as 
I  in  the  puddling  process,  and  thii  iron  of 
'  the  ore  increases  the  product    The  chem- 
I  ical  combination  of  the  ore  and  the  liquid 
crude  iron  appears  to  take  place  partly 
I  at  the  time  of  their  contact  when  falling 
an<l  lying  upon  the  turn-table,  and  partly 
where  the  reheating  cwc^urs  in  the  furnace^ 
It  seems  impossible  that  a  reaction  which 
is  so  violent  in  the  B«sKemer  process,  and 
so  prolonged   in  puddlin^:,  should   take 
place  so  quickly  and  quietly  in  the  new 
process;  but  the  fact  that  the  cakos  of 
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iron  and  ore  do  not  melt  by  snbseqnent 
heating,  as  cast-iron  would,  proves  that 
its  nature  is  changed  by  the  first  contact 
of  the  ore.  The  removal  of  sulphur  and 
of  phosphorus  also  seems  more  thorough 
than  in  the  other  processes.  Analyses  at 
different  stages  of  the  operation  will 
throw  more  light  on  this  question. 

The  remarkable  feature  of  the  EUer- 
shausen  process  is  that  absolutely  no  skill 
is  required  to  carry  it  out.  The  propor- 
tion of  ore  mixed  is  intended  to  be  about 
80  per  cent;  but  if  too  much  is  added,  it 
is  readily  squeezed  out  with  the  slag,  and 
seems  to  do  no  harm.  The  subs^uent 
hcatin:*  occupies  about  half  an  hour. 
••Puddle  bar,  the  product  obtained  from 
the  first  rolling  of  the  product  of  the 
puddling  furnace,  is  never  marketable  or 
finished  iron.  It  is  usually  very  ragged 
and  unsound,  and  requires  subsequent 
piling,  reheating,  and  rerolling,  to  exx)el 
the  impurities  and  to  give  it  soundness 
and  solidity.  The  new  process  appears 
to  produce  merchantable  iron  at  the  first 
rolling,  and,  at  Pittsburg,  from  a  very  in- 
ferior pig-iron,  made  of  one-half  sulphur- 
ous Canada  ores,  and  one-quarter  Lake 
Superior  and  one-quarter  Iron  Mountain 
ores. 

The  thoroughness  and  rapidity  of  the 
purification  by  this  process  evidently  de- 
pend on  the  intimacy  of  the  mixture  of 
iron  and  ore.  This  intimate  mixture  is 
also  the  essence  of  the  Bessemer  process. 
In  fact,  to  Mr.  Bessemer's  original  appre- 
hension of  this  idea  of  intimate  mechanical 
mixture,  the  greatest  modem  improve- 
ments in  the  iron  manufacture  arc  ducr. 

Th3  Ellershausen  process  is  said  to  de- 
crease the  cost  of  wrought-iron  from  $10 
to  $20  or  $30  per  ton,  according  to  the 
materials  used  and  the  form  of  product  i 
required.     That  it  is  a  success  is  amply  j 
proved  by  regular  working  at  Pittsburg ' 
and  many  experiments  elsewhere;  and  if. 
anything  like  this  economy  can  be  real-  I 
ized,  its  value  to  the  public  will  only  be . 
exceeded  by  that  of  the  Bessemer  process.  | 
The    latter    process,  however,  produces : 
gtrfi,  which    is  absolutely  homogeneous 
and  of  regulated  hardness,  according  to ! 
the  wear  and  service  required,  and  hence 
indispensable  for  rails,  tiros,  and  various 
machinery  purposes.    Any  iron  product 
that  is  not  cast  from  a  liquid  state,  is  sub- 
ject to  all  the  structural  defects  of  ordi- 
nary wroaght-iron. — New  York  Times.       j 


IpNOiKEEBs  nc  Parliamknt. — "  Never," 
J  says  "  Engineering,"  "  have  the  most 
important  industrial  interests  of  the  king- 
dom been  so  fully  represented  as  in  the 
new  Parliament."  It  includes,  engineers, 
contractors,  ironmasters,  manufacturers 
and  the  owners  of  colUeries.  Among 
them  are,  Mr.  George  Elliott,  Prest  ch 
the  North  of  England  Inst,  of  Min- 
ing Engineers,  an  ironmaster  who  finds 
employment  for  10,000  men  ;  Mr.  John 
Lancaster,  Chairman  of  the  Mining  As- 
sociation of  Great  Britain,  head  of  the 
Wigan  Iron  and  Coal  Company,  and  less 
favorably  known  in  America  m  connec- 
tion with  Captain  Semmes  of  the  Ala- 
bama ;  Mr.  Bichard  Fothergill  of  the 
Taff  Yale  Ironworks ;  Mr.  A.  C.  Sheriff, 
chairman  of  the  Metropolitan  District 
Railway  ;  Mr.  Joseph  D'Aquilar  Sumuda, 
Shipbuilder;  Sir  Daniel  Gooch,  late  Loco- 
motive Sux)erintendent  of  the  Great 
Western  Railway;  Mr.  John  Robinson 
McClean,  late  President  of  the  Institution 
of  Civil  Engineers;  Mr.  John  Plati^  Manu- 
facturing Engineer;  Mr.  John  Hick,  En- 
gine-buUder  ;  Mr.  John  Laird,  Shipbuil- 
der ;  Dr.  Lyon  Playfair  of  the  Univer- 
sity of  Edinbur^ ;  also,  Messrs.  John 
MCler,  Charles  E.  Cawley,  Sir  Richard 
Atwood  Glass,  Messrs.  Thomas  Brassey, 
James  Howard,  and  Charles  Seely,  En- 
gineers, and  Messrs.  Bolckow,  Brogden, 
Beaumont,  Winn,  Plimsoll,  Rylands  and 
Samuelson,  Ironmasters. 


THE  TJppFB  Hudson — Slackwater  N.vvi- 
OATiON. — The  report  of  the  State  En- 
gineer for  1867  embodies  the  report  of 
the  surveys  made  in  1866  by  Samuel 
McElroy,  C.E.,  for  the  improvement  of 
the  Hudson  river  for  slackwater  naviga- 
tion from  Troy  to  Fort  Edward,  about 
40  miles,  and  a  corresponding  improve- 
ment of  the  Champlain  Canal  from  Fort 
Edward  to  Lake  Champlain,  about  25 
miles,  with  locks  225  feet  by  30^  feet, 
adapted  to  8  feet  water-way  ;  and  also 
the  comparative  cost  of  improving:  the 
Champlain  Canal  from  Troy  to  White- 
hall, with  locks  225  feet  by  25,  and 
7  feet  water-way.  It  appears  that  a 
dam  at  the  Highlands,  150  feet  high, 
would  turn  the  stream  into  Lake 
Champlain  and  the  St  Lawrence;  that 
the  remedy  wliich  New  York  harbor 
needs  for  the  difficulties  of  navigation  at 
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Hell  Gate  from  the  swift  tidal  currents^  I  stated  by  the  inventor  to  be  secured  bj 
and  at  other  points  for  ice  fields  and  de-  i  this  jiroccas  :     1.  The  juice  is  protected 


posits  of  silt,  and  at  Sandy  Hook,  would 
be  found  by  connecting  New  York  and 
Brooklyn  with  a  masonry  dyke  say  400  feet 
wide,  with  2  or  more  ship  locks,  and  by 
making  a  ship  canal  of  the  Harlem  River, 
BO  that  the  whole  volume  of  the  North 
Biver  could  go  out  to  sea,  and  the  present 
tidal  flux  and  reflux  be  prevented  on  the 
East  liiver,  and  the  faeiUties  of  Sound  and 


from  excessive  and  long-continued  heat. 
2.  Long  exposure  to  the  injurious  influ- 
ence of  the  atmosphere  is  avoided  3L 
Great  rapidity  in  carrying  on  the  evapor- 
ation is  secured.  4.  The  juice  is  irana- 
ferred  to  the  vacuum  pan  (or  evaporating 
chamber)  immediately  after  defecation 
and  filtration,  avoiding  the  nec^esity  of 
open  pana     5.  Any  extent  of  heating  Dud 


river  commerce    be    turned    into    their  I  evaporating   surface   is   easily  obtoiQed. 


I 


natural  chtmnel  at  the  head  of  New  York 
IslantL  This  would  also  solve  eliectually 
the  problem  of  connecting  New  York  and 
Brooklyn. 

It  is  also  proposed  to  examine  the 
gorges  of  the  Hudson  river  above  Fort 
Edward,  to  determine  the  foasibiUty  of  a 
plan  for  retaining  the  freBhct  supplier,  eo 
as  so  prevent  the  periodical  floods  which 
have  always  proved  so  destructive  above 
Albany. 

The  details  of  the  report  show  that  on 
a  comparison  of  the  items  of  cost,  the 
sum  of  $4,534,379  will  secure  8  feet  water- 
way by  the  river  plan,  from  Troy  to 
Whitehall  while  it  will  cost  $5,86(>,851  to 
secure  7  feet  water-way  by  the  camil 
plan,  and  that  the  **  commercial,  railitary, 
and  mechanical  advantages  are  distinctly 
in  favor  of  the  river  plan;'*  the  value  of 
the  developed  mill  power  alone  being 
ahown  to  be  about  $4,334,600. 


NEW  SYSTEM  OF  BOILING  SfJOAL 

In  an  ordinary  vacuum  pan,  the  top  of 
the  liquid  alone  forms  the  evaporating 
surface,  and  evaporation  would,  of  course, 
be  more  rapid  were  a  greater  portion  of 
the  liquid  exposed.  An  improvement  by 
Mr.  Tooth  consists  in  pimiping  the  juice 
down  from  the  top  of  the  vacuum  pan,  at 
the  moment  of  gr.flnnlation,  through  a 
rose.  The  juice  ia  thus  distributed  in 
small  fitreama  through  the  air  contained 
in  the  evaporating  vacuum  chamber,  and 
the  surface  exposed,  as  compared  with  the 
old  system,  is  said  to  bo  as  1,000  to  50, 
The  evaporating  chamber  differs  from  the 
old  vacuum  pans  in  shape,  being,  to  speak 
roughly,  a  long  cyUnder,  with  the  ordi- 
nary round  pan  at  the  top  and  bottom. 
The   juice,  before  reaching  the  cvapora- 


6.  The  cost  of  fuel  ia  greatly  lessened. 

7,  Vacuum  pans  now  in  use  may  be  made 
available  for  the  improved  system  at  a 
comparatively  small  cost,  8.  The  finest 
sugar  is  produced  without  the  expense  of 
animal  charcoal,  and  the  crystuUization 
being  perfect,  there  ia  no  loss  by  drainage. 
9.  There  is  no  formation  of  molasses  bo 
yond  that  naturally  existing  in  the  juice, 
as  the  temperatme  never  need  exceed 
140**  to  100**  Fahr.  10.  The  s.>^tem  ia 
also  useful  in  beetroot  sugar  mimu^- 
tories.  There  is  an  arrangement  by  which 
the  clogging  of  the  rose,  through  which 
the  partly -granulated  sugar  passes,  is  re- 
meilied.  The  idea  of  exposing  a  greater 
surface  to  evaporation  seems  to  us  exe^l- 
t^^nt  in  theory,  but  it  belongs,  of  course, 

■  to  practical  men  to  say  if  it  will  work, 
I  Mr-  Tooth  has  another  patent  to  compete 
with  Mr.  Fryer*8  boncretor,  for  rapid 
and  cheap  evaporation.  This  consists  in 
passing  the  partially  granulated  juica 
through  a  rose,  and  letting  it  drop  down 
through  a  long  cyMndcr  or  tower  filled 
with  heated  air.  The  patentee  states  that 
the  juice  reaches  the  bottom  in  the  shape 
of  sugar. — Produce  Market  Review, 


ANOTHER  OaE.%T  EvsTERx. — Mr,  Tliomaa 
Silver  has  designed  a  ship  of  Great 
Eastern  proportions  except  aa  to  depth  ; 
'  the  draft  is  to  be  18  instead  of  28  feeL 
I  The  vessel  is  intended  to  carry  4  time*  as 
I  many  passengers  as  the  present  Cunard- 
ers,  and  to  have  ClirisUan  bods  and  roomii 
for  their  accommodation* 


nrOE-LTFT  CENTlUFUaAt  PUHP.  ^ Me^STB, 
Gw^Tine  &  Co.,  London,  are  construct- 
ing a  centrifugal  pump,  to  draw  from  a 
depth  of  18  feet  and  force  over  a  stind- 
pipe  1 14  feet  high— the  greatest  lift  yet  at- 
ting  chamber,  is  pumped  up  through  a  |  tempted  with  thli  kind  of  raichina  The 
number  of  pipes  surrounded  by  steam  in  i  pump  has  a  disc  2  feet  in  diameter,  and  ia 
a  cylinder.    The  following  advantages  are  |  to  run  at  910  revolutions  por  miaute. 
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BECEST  CIVIL  ENGINEEBIKG  WORKS. 

BILXDOES,   HABBOBS,   AND  DOCKS. 
Oompiicd  r^om  **  Ebginoorlag/'  and  otbor  aatborities. 

English  Bridoeb. — In  England  two  fine 
bridges  were  completed  and  opened  in 
1868.  The  great  bridge  of  the  London 
and  North- Western  Hailwaj  over  the 
Mersey  at  Runcorn,  besides  its  long  ap- 
proaches, has  three  spans  of  lattice 
girders  of  300  feet  dear  opening  each. 
The  construction  of  this  bridge  presents 
no  new  feature  of  interest. 

The  Solway  viaduct,  carried  out  upon 
the  plans  of  Mr.  James  Brunlees,  is  about 
a  mile  in  length.  It  has  161  spans  of  80 
feet  each  of  hght  wrought-iron  gii'ders, 
besides  a  swing  bridge  giving  two  50  feet 
openings.  The  bridge  is  supported  upon 
cast-iron  piles,  driven  through  the  sliift- 
ing  sand  into  the  gravel  below.  About 
1,900  tons  of  wrought,  and  2,300  tons  of 
cast  iron  have  been  worked  into  this 
structure. 

The  new  bridge  at  Blackfriars  (pro- 
nounced by  the  President  of  the  Insti- 
tute of  British  Architects,  the  *' ugliest 
bridge  of  its  size  in  Europe")  has  a  cen- 
tral arch  of  185  feet,  besides  2  ai'ches  of 
175  feet,  and  2  of  155  feet  The  aiches 
are  of  wrought  iron ;  the  foundations 
have  been  bu^t  up  in  caissons;  the  width 
between  parapets  is  75  feet  The  bridge 
is  nearly  completed. 

No  masonry  bridges  are  in  progress, 
and  it  is  the  opinion  of  some  of  our  best  en- 
gineers that  the  age  of  stone  has  ended,  and 
that  iron  has  permanently  taken  its  place. 
No  one  of  our  English  bridge  engineers 
has  yet  adopted  steel;  but  tlus  is  best  ex- 
plained by  the  fact  that  while  steel  is  so 
much  more  costly  than  iron,  its  great  ad- 
vantage— that  of  saving  weight — is  shown 
chiefly  in  the  case  of  large  spans,  and  no 
long  span  bridges  are  now  in  course  of 
construction  in  England. 

AiTERiCAH  Bridges. — For  large  bridge 
works  in  progress  we  are  to  look  abroad. 
In  America  tlia  widest  span  of  suspension 
bridge  yet  achieved — viz,  1,268  feet — has 
l)een  carried  over  the  Niagara  river,  al- 
most immediately  below  the  great  cata- 
ract, and  nearly  two  miles  above  the  rail- 
way suspension  bridge.  The  length  of 
imspended  platform  is  1,240  feet ;  height 
above  the  water,  190  feet ;  length  of  part 
resting  directly  on  cables,  635  feet;  height 
of  towers,  100  and  105  feet;  base  of  towers, 


28  feet  square  ;  width  of  roadway,  10  feet 
The  2  cables  are  7  inches  diameter  each. 
The  weight  of  the  suspended  load  is  250 
tons.  The  work  was  designed  and  can-ied 
out  by  a  Canadian  engineer,  Mr.  Samuel 
Keefer, 

Two  other  great  suspension  bridges 
are  proposed  in  America,  and  it  is  con- 
fidently anticipated  that  both  will  be  be- 
gun and  completed.  The  East  River 
Bridge  at  New  York,  projected  by  Mr. 
John  A.  Roebling,  is  to  have  a  single  sus- 
pension span  of  1,600  feet,  and  to  be  in 
all  one  mile  in  length.  The  height  of 
the  roadway  is  130  feet ;  width,  80  feet ; 
height  of  towers,  263  feet  The  Cornwall 
(railway)  bridge  is  to  be  carried  over  the 
river  Hudson,  at  some  distance  above 
New  York,  in  a  single  span  of  1,800  feet ; 
height  above  water,  155  feet ;  height  of 
towers  above  water,  280  feet ;  tot^  sus- 
pended weight,  9,651  tons.  The  last- 
named  work  has  been  designed  by  Mr. 
Julius  W.  Adams,  who  has  a  high  reputa- 
tion in  America  as  a  sound  and  successful 
engineer,  his  name  alone  being  sufficient 
to  protect  the  undertaking  in  question 
from  any  suspicion  of  its  being  a  mere 
idle  scheme. 

Of  the  iron  bridges  in  progress  in 
America,  one  over  the  river  Ohio  at 
Louisville,  will  be  one  mile  in  length, 
and,  besides  a  number  of  smaller  spans, 
will  have  2  of  370  feet  each,  6  of  245  feet 
6  inches,  two  of  227  feet,  throe  of  210 
feet,  &c.*  A  timber  bridge  for  railway 
purposes,  lately  completed  over  the  river 
Mississippi,  at  Quincy,  has  a  pivot  span 
upwards  of  360  feet  long,  covering  two 
openings  of  180  feet  each. 

One  of  the  most  important  works  yet 
commenced  in  the  United  States,  is  the 
great  railway  and  roadway  bridge  over  the 
river  Mississippi  at  St  Louis.  This  work 
has  been  fully  described  and  discussed  in 
the  last  volume  of  "  Engineering. "  As  de- 
signed by  Capt.  Eads,  it  is  to  have  three 
arches  of  steel,  the  middle  arch  being  of 
the  enormous  length  of  515  feet. 

The  iron  bridge  just  completed  over 
the  Mississippi  at  Dubuqe,  was  built  from 
the  designs  of  J.  H.  Lim-ille,  Esq., 
President  of  the  Keystone  Bridge  Co. 
It  consists  of  7  spans,  2  of  250  feet,  4  of 
225  feet,  and  1  of  360  feet  resting  on  the 
pivot  pier,  leaving  the  opening  160  feet 
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wide  on  each  side  of  the  pier.  The  total 
length  of  the  bridge  is  1,760  feet,  or 
exacfcly  one- third  of  a  mile.  The  tmss  is 
28  feet  high  and  IG  feet  wide  in  the  clear. 
The  lower  chord  is  iJlJ  feet  above  low 
water.  The  euBtern  approach  is  through 
a  tunnel  835  feet  long. 

Continental  Bripges, — Ou  the  Con- 
tinent the  finest  bridge  completed  and 
opened  during  the  year,  is  Mr.  R.  M. 
Or  dish  s  elegant  work,  the  Franz  Joseph 
rigid  suspension  bridge  over  the  Moldau»  | 
at  Prague,  This  is  the  first  practical  em- 
bodiment of  a  principle  for  which  JMr* 
OrdLsli  haa  contended  for  so  many  years, 
that  of  straight  inclined  susiiension  rods, 
with  ft  light  curved  chain  to  support  their 
owTi  weight  in  so  far  as  to  prevent  sagging. 
This  bridge^  with  a  span  of  492  feet  be- 
tween centimes  of  towers,  a  vertical  depth 
bctw^een  centres  of  suspension  rods  of 
Gl  feet  3  inches,  and  a  total  length  of 
820  feet,  haa  been  heavily  tested  with  a 
very  moderate  deflection,  while  it  pos- 
RCBses  also  great  steadiness  under  passing 
loads. 

Among  the  Continental  works  nearly 
finished,  and  soon  to  ho  opened,  is  the 
magnilieent  railway  bridge  in  Holland,  at 
KuUenburg,  over  the  Lek,  one  of  the 
channels  by  which  the  river  Khine  reaches 
the  North  Sea.  Engravings  and  particu- 
lars of  this  great  work  are  soon  to  be 
published  in  "  Engineering."  The  bridge 
lias  one  great  span  of  402  feet,  one  of  262 
feet,  and  7  of  187  feet  each.  The  total 
lengtli  is  2,181  feet»  and  the  contract  price 
was  iJl5;l0D0p  The  girders  spanning 
the  great  opening  are  615  feet  long»  and 
65  feet  i^  inches  deep. 

The  railway  bridge  over  the  Danube  at 
Vienna  will  be  an  important  w^ork;  com- 
prisijig  5  spans  of  lattice  girders  of  202 
feet  opening  each,  and  4  other  spans  of 
112  feet 

The  Dati*.h  Government  will  eventually 
construct,  although  they  have  not  yet 
commenced,  the  great  railway  bridge 
over  the  main  outlet  of  the  Rhine  at 
^loerdyk,  between  Antwerp  and  Hot* 
tcrdam.  This  bridge  will  be  a  mile  in 
lengtli,  and  it  has  been  proposed  to  make 
it  in  spans  of  400  feet  e&vh.  "  Ensfineer- 
ing  **  says  : — As  compared  with  such 
works,  there  are  at  present  no  hopeful 
schemes  in  England.  Mr.  Fowler *b  pro- 
posed great  2 J  mile  bridge  over  the 
Severn,   with  its   COO  feot   central   span. 


its  245  feet  side  spans,  its  thirty  IfiO  feet 
spans,  its  twenty-six  120  feet  8j:>ans,  and 
its  twenty-seven  90  feet  spans,  ia 
still  in  abeyance,  but  it  w411  be  built  isomtf 
time.  It  is  true  we  have  the  frantic  Boilt«t 
seeking  to  excite  capital  for  the  constmo- 
tion  of  a  10-span  bridge  across  the  Eng- 
lish Channel,  with  openings  otily  3,2^ 
yards  (!)  in  the  clear,  and  it  is  such 
schemes,  stamped  with  ignorance »  impn* 
dence,  and  infatuation,  that  sicken  ih« 
heart  and  madden  the  brain  of  tiie  InM 
engineer. 

Harbors  A>'n  Docks, — A  large  niimber 
of  important  harbor  and  dock  works  were 
completed  last  year.  The  Mdlwall  Dock»*, 
by  Mr.  John  Fowler  and  Mr.  "William  Wil- 
son, comprise  2  basins  of  25  acres  and  101 
acres  respectively,  and  a  graving  dock 
402  feet  long,  and  86  feet  wide,  with  an 
entrance  of  05  feet.  The  graving  dock 
has  *'  bilge  carriages,"  so  arranged  as  to 
be  ruJi  under  a  ship  to  keep  her  keel  off 
the  ground.  These  docks  have  28  feet  ol 
water  and  7,700  feet  of  quay  frontage. 
This  work,  replete  with  the  latest  inven- 
tions necessary  to  afford  the  must  perfect 
and  complete  accommodation  for  vessels, 
is  furnLshed  throughout  with  the  Elswick 
hydraulic  machinery  for  which  Sir  William 
Armstrong  &  Co.have  become  famous.  A 
very  line  specimen  of  the  telescope  bridge 
is  found  here,  of  probably  80  feet  span, 
and  which,  nctuated  by  w^atcr  pressure, 
rises  from  its  bearings  and  shdes  end- 
ways from  off  its  span,  when  called  on, 
with  incredible  facility, 

Tlie  Suthci'lund  Docks  have  be^a  ex* 
tended  by  ilr.  Thomas  Meik.  The  new 
Hudson  basin  is  11  acres  in  extent  ;  the 
new  outer  harbor  has  been  enlarged  to 
28  acres.  The  Leith  Docks,  by  Mr,  George 
Robertson,  are  nearly  completed;  also  the 
new  Western  Dock  at  Hidl,  by  Mr,  John 
Hawkshaw.  The  T^nao  Improvement 
Works,  bv  Mr.  Ure,  are  progressing. 
About  4.000,000  tons  of  material  are  be- 
ing dredged  yearly,  at  a  cost  of  rather 
more  than  4d.  per  ton,  and  the  whole 
yearly  expenditure,  including  that  upon 
the  Great  Tyne  piers,  is  about  £1250,000. 
A  large  graving  dock*  is  in  t^ourse  of  con- 
struction at  Hebburn,  Gateshead. 

The  Admiralty  works  in  progress  at 
Chatham,  under  the  direction  of  Colonel 
Clarke,  will  involve  an  outlay  of  j^l,500,- 
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000,  and  oompriae  the  redamaiion  of  St 
Haiy*B  lalaiid,  300  acres  in  extent,  the 
oonatroction  of  3  basins  of  respectively 
22,  20,  and  37  acres,  the  conBtruction  of 
large  graving  docks,  sHps  for  laying  up 
frigates,  etc.,  and  an  immense  steam  fac- 
tory, 1,000  feet  by  700  feet  The  new 
dock  in  French  Creek,  Malta,  is  also  pro- 
gressing under  the  same  direction. 

Among  proposed  harbor  works,  the  im- 
proTements  at  St  Helier's,  Greenock,  and 
Scarborough,  have  attracted  the  greatest 
attention  among  engineers.  The  Green- 
ock works  to  be  carried  out,  comprise  a 
large  basin,  graving  dock,  extensive  quays 
and  warehouses,  and  special  arraage- 
menta  for  shipping  large  quantities  of 
coaL  At  Scarborough,  the  only  work 
proposed  is  a  pier,  enclosing  on  one  side 
a  harbor  larger  and  better  than  at  present 

The  Clyde  Trustees  have  decided  upon 
the  construction  of  a  graving  dock  of 
great  size,  viz.,  503  feet  long,  100  feet  wide, 
and  30  feet  deep,  the  entrance  to  be  B3 
feet  wide.  New  harbor  works  are  to  be 
at  once  commenced  at  Aberdeen,  and 
additional  works  are  proposed  at  Dublin, 
at  Newport,  Cardiff  Llanelly,  and  at 
PorthcawL 

A  new  graving  dock  is  building  at  Wil- 
liamstown,  Victoria.  Its  dimensions  are 
to  be  240  feet  by  97  feet,  with  an  entrance 
80  feet  wide. 

Mr.  Hawkshaw  is  constructing  the  Grand 
Canal  to  connect  Amsterdam  direct  with 
the  North  Sea,  so  that  ships  from  the  Dutch 
capital  will  strike  deep  water  a  httlc  to 
the  north-west  of  Harlem,  instead  of  beat- 
ing miles  out  of  their  way  around  the 
Helder. 

Nor  should  the  works  in  progress  at 
Havre  be  forgotten.  The  seven  basins, 
as  fine  in  their  way  as  anything  in 
Europe,  ore  to  be  still  further  extended, 
and  Mesara  L  C.  Johnson  &  Co.,  of  Gates- 
head-on-Tyne,  have  a  contract  with  the 
French  Government  for  20,000  tons  of 
Portland  cement  for  these  very  works. 

The  Bermuda  Floating  Dock. — ^During 
the  year  a  great  iron  floating  dock,  capa- 
ble not  only  of  taking  the  largest  ship  in 
the  navy,  but  of  careening  her  as  well, 
has  been  completed  for  Bermuda.  This 
structure  is  381  feet  long,  124  feet  wide, 
72  feet  deep,  and  weighs  9,000  tons."^ 
This  is  a  double  dock,  one  within  the 
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other,  the  sides  or  "  double  skins  "  being 
20  feet  apart,  and  onclosing  respectively 
a  load  chamber,  balance  chamber,  and  air 
chamber.  Water  may  be  pumped  into  or 
from  either  of  these  chambers,  so  as  to 
sink,  lift,  or  tilt  the  dock  as  desired.  This 
great  work,  designed  by  Colonel  Clarke, 
of  the  Admiralty,  was  constructed  and, 
after  a  slight  hitch,  successfully  launched 
by  Messrs.  Campbell,  Johnstone  &  Co., 
of  North  Woolwich. 

The  hydraulic  graving  dock,  of  which 
the  first  example  was  erected  ten  years 
ago  at  the  Victoria  Docks,  is  having  new 
innings.  One  has  just  been  sent  out  to 
Bombay.  It  has  36  hydraulic  presses  in 
all,  each  of  a  force  of  ^0  tons,  so  that  the 
total  lifting  power  is  14,400  tons,  and  in- 
cluding its  "  saucer  "  it  will  thus  lift  the 
heaviest  ship  in  the  navy.  Docks  upon 
the  some  plan  are  spoken  of  for  Jamaica, 
Malta,  Brmdisi,  and  Dundee. 

The  Holthead  Pier. — ^At  Holyhead  the 
great  breakwater  pier  approaching  com- 
pletion, under  Mr.  Hawkshaw's  auspices, 
is  a  noble  specimen  of  marine  engineer- 
ing. It  is  constructed  chiefly  of  stone 
taken  from  the  mountain  adjacent  The 
upper  structure  is  of  random-worked  ash- 
lar, presenting  a  flush  face  on  the  inside 
or  harbor  front,  while  on  the  sea  face  the 
material  is  quarry-faced,  and,  as  for  as 
may  be  practicable,  set  on  end,  giving  it 
the  appearance  of  being  vertically  ribbed. 
The  base  of  the  pier  consists  of  pierre 
perdue,  having  a  slope,  of  the  angle  of  re- 
pose of  the  material,  on  the  inside,  while 
on  the  outside  its  form  is  that  of  a  flat 
glacis,  on  which  the  sea  must  lash  with 
intense  fury,  as  the  stone  is  much  pulver- 
ized by  its  action,  especially  so  in  the 
gorge  caused  by  the  re-entering  angle  of 
the  work.  The  plan  of  the  work  is  that 
of  a  continuous  wall,  of  1 J  mile  long,  zig- 
zag, with  2  kants  springing  from  the  land 
at  one  end,  and  at  the  other  resting  in  13 
fathoms  of  water  at  low  tide.  The  upper 
structure  carries  a  causeway  of  38  feet 
wide,  at  3  2  feet  above  which,  on  the  sea- 
side, there  lies  a  banquette  of  15  feet  wide, 
floored  with  tooled  limestone,  and  sur- 
mounted by  a  parapet  of  4  feet  high,  of 
the  some  material  and  class  of  workman- 
ship ;  which  latter  throughout  appears  to 
be  as  near  perfection  as  possible.  The 
high  level  is  connected  with  the  causeway 
by  flights  of  stairs  at  intervals.  From  the 
base  of  the  parapet  on  tho  external  face 


projects  an  echinus  of  2  foet  overhang, 
which,  however  it  may  add  to  the  ofiect  of 
the  scctionul  protile,  will  surely  meet  with 
roug^h  usa^e  from  the  waves  towards  the 
extremity  of  the  pier.  Here  green  water 
of  yarda  thickneas  comes  over  the  para- 
pet during  ft  gale.  The  pier  head  is  not 
yet  completed.  It  will  be,  in  plan,  of  a 
T  section,  the  arms  of  the  T  showing  a 
very  slight  projection,  and  rounded  at  the 
ends.  The  fai^e-work  here  wiU  be  of  gran- 
ite blocks,  of  from  8  to  12  tons  weight 
each;  the  hearting  of  red  sondBtone,  of 
the  same  dimensions* 

Port  Said  Harbor. — ^Extensive  harbor 
works  are»  it  m  understood,  to  be  under- 
taken, by  an  English  company,  at  Alex- 
andria. The  works  are  to  comprise  u 
bi'eakwater  3,250  feet  long,  a  mole  1,650 
feet  long  and  200  feet  wide,  5^000  foet  of 
quays,  and  a  large  dry  dock.  To  the  east 
of  Alexandria  is  the  new  harbor  of  Port 
Said,  at  the  northern  end  of  the  Suez 
Canalj  the  later  now  more  than  two-thirds 
finished.  Poll  Said,  now  nearly  comple- 
ted,  is  formed  l>y  two  piers,  one  2,730  yards 
and  the  other  2,077  yards  long,  with  an 
opening  to  the  north-east.  The  liarbor 
enclosc^d  is  nearly  one  square  mile  in  ex- 
tent, and  tlie  western  pier  is  carried  ont 
into  water  27  feet  6  inches  deep.  These 
piers  have  been  formed  of  brton  blocks,  of 
which  about  325,O0D  cubic  yards  only 
have  been  used.     At  the  present  rate  of 

f)rogres:^  the  eanal  itself  will  he  finished  in 
ittle  more  thtiu  a  year,  with  a  waterway 
S28  feet  wide  and  2«i  feet  deep.*  Apro* 
pos  of  harbor  works  on  the  Mediter- 
ranean, it  may  bo  added  that  there  is  a 
scheme  to  greatly  extend  the  port  of 
Marseilles.  A  paper,  read  some  time 
since  at  the  Institution  of  Civil  Engineers, 
gave  a  most  interesting  account  of  the 
existing  works  there,  which  comprise, 
among  otlier  things,  the  loftiest  and  i>os- 
sibly  the  6nest  warehouses  in  Europe,  un- 
less we  except  the  magniticent  corn  ware- 
houses lately  completed  at  Liveri>ool  and 
at  Birkenhead. 

tr%  EowTH  OF  Phtladelphia.^— During  11 
VT  months  In  18G3,  there  were  erected 
in  Philadelphia  4,70t>  now  buildings,  and 
1,173  buildings  received  alterations  and 
additions.  This  city  now  contains  above 
800,000  inhabitants* 
L 


PBOTEcnoir  OF  Larok  BuiLDixaa  twju 
LioHTKiNO* — This  subject  has  been 
reported  upon  by  M.  Pouillct  before 
the  Paris  Academy  of  Sciences.  The 
*'  Enffineer  "  gives  a  lengthened  account  of 
it.  The  first  thing  to  be  done  is  to  es- 
tablish a  conductor,  formed  of  souare 
iron  measuring  foui'-fiftha  of  an  iDcli  on 
the  side,  which  shall  pass  without  inter- 
ruption over  every  portion  of  the  build- 
ing to  be  protected  ;  when  the  Hue  ig 
broken  by  towers,  pavilions,  or  other  erec- 
tions, the  conductor  must  pass  up  and 
down  each,  so  as  not  to  interrupt  its 
course.  This  miun  conductor,  of  courae, 
is  modelled,  as  it  were,  to  the  form  of  the 
building,  and  often  consists  of  several 
branches,  particularly  in  the  case  of  edi- 
fices like  the  !Lou\Te,  where  there  ar© 
several  blocks  of  buildings  perpendicular 
and  parallel  to  each  other  ;  it  will  aUo 
have  many  minor  branches,  for  it  most 
bo  placed  in  good  communication  with  all 
the  gutters,  leads,  and  other  large  metal- 
He  surfaces  on  the  roof.  Tliia  great  con* 
ductor  or  circuit  must  be  placed  in  direct 
communication  with  a  body  of  water, 
which  is  never  wanting.  Ten  or  a  dozen 
wells  might  be  dug  to  receive  each  a  con- 
ductor leading  fi'om  the  main  circuit 
Each  lightning-rod  must  be  placed  in  p€r- 
fet!t  communication  with  the  main  cir- 
cuit 
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flEMEjrr  TO  Resist  Red  Heat  anp  Bqh- 
J  TSQ  Water.^To  4  or  5  parts  of  clay 
thoroughly  dried  and  pulverized,  add  2 
parts  of  fine  iron  fihngs  free  from  ox* 
ide,  1  part  of  peroxide  of  manganese, 
one-half  of  sea-salt,  and  one-half  of  borax* 
Mingle  thoroughly,  and  render  as  fine  as 
possible,  then  reduce  to  a  thick  paste 
with  the  necessary  quantity  of  water, 
mixing  thoroughly  well  It  must  be  used 
imtnediately.  After  application  it  should 
be  esposed  to  warmth,  gradually  increas- 
ing almost  to  v^rhite  heat  This  cement  In 
very  hard,  and  presents  complete  resist- 
ance alike  to  red  heat  and  boiling  water. 

Another  Cehent. — To  equal  parts  of 
sifted  peroxide  of  manganese  and  well 
(pulverized  zinc  white,  add  a  sufficient 
I  quantity  of  commercial  soluble  glass  to 
form  a  thin  paste.  This  mixture,  when 
used  immediately,  forms  a  cement  quite 
equal  in  hardness  and  resistance  to  that 
obtajned  by  the  first  method. — B!diU*r 
far  Oewerbe, 
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PDBUC  BUILDINGS. 

B08RTAXA — TH2IB  REQUIBBMENT8,  ABBAl^aS- 
MKNT,   AND  YENTILATION. 

apapcrlMrar*  the  ArchHeotonU  iUioeiaiion 


bj  T.  E.  aaiUkj 


.  B.  A.,  and  from  the  ensataig  dlecoe- 


Hospitals  are  peculiarly  a  modem  in- 
■titation.  While  examples  of  many  classes 
of  stractnres  suited  to  our  modern  ways, 
such  as,  for  instance,  houses,  baths,  thea- 
tres, and  churches,  abound  in  the  re- 
mains of  classic  times,  there  are  no  Greek 
and  Roman  hospitals.  The  simple  in- 
firmary of  a  monastery  is  no  example  to 
us  as  to  9cale;  and  the  vast  establishments 
of  the  IGth  and  17th  centuries  are  not 
Tenr  raluable  specimens  of  arrangement 
and  detail 

lYhen  we  remember  the  great  cost  and 
disturbance  of  domestic  arrangements 
necessary  to  provide  suitable  air,  light, 
quiet,  medicine,  food,  and  attendance  to 
ttie  sick  in  our  houses,  and  reflect  that 
the  poor,  and  eyen  the  majority  of  the 
peotue,  cannot  provide  nor  afford  these 
nunlities,  the  necessity  for  many  hospitals 
and  of  ^ood  hospitals  with  all  ^ese  facili- 
ties that  make  tne  difference  between  life 
and  death  to  so  many  of  our  fellow-crea- 
tures, becomes  obvioua* 

At  the  same  time,  so  good  an  oppor- 
tunity of  studying  disease  is  not  to  be 
neglected.  Where  some  hundreds  of 
sick  are  always  collected,  there  the  stu- 
dents of  sickness  and  how  to  cure  it  ought 
to  be,  and  in  fact  are  found. 

What  a  Hospital  Must  Provide  for. — 
We  have  now  the  elements  for  under- 
standing this  question. 

FirtU.  The  inmates,  or  in-patients,  that 
b^  the  sick  who  reside  and  arc  treated  in 
the  house.  The  rooms  they  live  in  are 
technically  termed  wards. 

Svondiy.  The  administration.  This 
embraces  medical  officers,  dressers,  sis- 
ters, nurses,  attendants,  and  the  parts  of 
the  building  appropriated  to  their  use, 
and  to  cooking,  stores,  business  offices, 
etc 

Thirdly.  Out-patients.  Those  who 
oome  to  the  hospital  periodically  for  ad- 
vice and  medicine,  and  the  portions  of  the 
building  where  they  are  received,  seen, 
and  supplied. 


•  |T«B  hi  tJbf  lanre  Ebf  Itoh  tehoofe  it  hue  been  dei^nniDed 
t»  aefco  the  hoepiule  la  one  ward,  rather  then  la  leiMkrete 

To.  L>Na  8.-8 


Fourthly.  The  Medical  School,  that  is, 
students  and  professors,  and  their  lecture 
rooms,  library,  museum,  dissecting  room, 
etc,  etc 

Bequibexents  of  Wards. — The  most  im- 
portant part  of  a  hospital  is  the  wards. 
For  economy  of  attendance  it  is  practi- 
cally found  best  to  place  from  20  to  30 
beds  in  a  ward;  reserving,  however,  a  few 
small  wards  where  only  2  or  3  beds  are 
receivable  for  special  cases. 

The  most  important  provision  for  the 
sick  which  the  architect  can  make  in  a 
hospital,  is  a  supply  of  plenty  of  fresh 
air.  This  is  the  one  consideration  to 
which  all  others  ought  to  give  way.  The 
patient  ought  to  have  plenty  of  air  in  his 
ward,  and  that  air  ought  to  be  constantly 
renewed.  This,  according  to  all  authori- 
ties, will  promote  his  recovery  more  than 
any  one  thing,  and  will  prevent  his  injur- 
ing his  fellow-sufferers.  Many  diseases 
are  directly  communicable  by  atmosphere, 
and  surgical  cases  vitiate  the  air  of  the 
room.  The  best  authorities  consider  that 
each  bed  should  have  from  1,500  to  2,000 
cubic  feet  of  air  space,  and  that  the 
change  of  air,  while,  of  course,  not  suffi- 
ciently rapid  to  create  a  draft  or  a  breeze, 
should  yet  be  sufficient  to  be  felt  as  an 
air  passing  over  the  face  and  hands.  The 
sick  must  not  be  so  placed  that  the  air  to 
reach  any  bed  must  necessarily  pass  over 
any  other,  they  must  not  be  too  many  in 
one  room;  there  must  not  bo  too  many 
wards  under  one  roof,  nor  too  many 
stories  of  sick  one  above  another,  nor  too 
ready  access  from  one  ward  to  another. 
And  there  must  be  clear  passages  between 
the  beds  and  up  and  down  the  ward. 

Next  to  air,  light  and  cheerfulness  are 
conducive  to  health.  All  these  require- 
ments are  practically  best  met  by  wards 
that  are  long  in  proportion  to  their  i^ddth, 
arranged  so  that  one  of  the  long  sides 
shall  have  an  aspect  exactly  or  nearly 
south,  with  a  row  of  beds  at  each  side, 
placed  with  their  heads  to  the  wall,  and  a 
row  of  windows  on  each  side.  A  width 
of  over  20  feet,  and  under  30,  averaging 
25  feet,  is  the  most  useful;  over  30  feet 
the  ventilation  becomes  sluggish.  Beds 
ought  to  be  about  8  feet  apart  from  centre 
to  centre,  and  the  height  of  the  ward 
ought  to  be  at  lecu3t  15  feet.  No  bed 
should  come  in  front  of  a  window.  A 
window  to  each  2  beds  is  the  usual  allow- 
ance, and  the  windows  ought  to  go  as 
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nearly  as  possible  to  tbe  ceiling,  and  to 
comtj  down  low  enough  for  patients  in 
bed  to  be  able  to  look  out  of  them. 

YzNTiLATioN  13  a  subject  upon  which 
authoritiefi  in  aU  countries  differ.  The  best 
known  and  mo«t  followed  English  plan  is 
having  windows  facing  each  other  on  the 
two  Bides  of  each  ward,  and  keeping  them 
almost  constantly  open.  This  is  termed 
nattiral  ventilation.  For  this  purpose 
windows  may  be  sash  windows  in  several 
heights;  oftt^n,  however,  they  have  in 
their  height  several  casements,  each  hung 
at  the  bottom  edge,  and  capable  of  open- 
ing back  at  the  top,  so  that  the  incoming 
air  shall  be  tlirown  upwards.  These  case- 
ments ought  to  be  capable  of  being  regu- 
lated with  great  nicety,  and  made  to  re- 
main at  w^hatever  angle  they  are  set. 
They  should  be  glazed  with  thick  plate 
glass  to  diminish  the  loss  of  heat  that 
occurs  at  all  window  openings;  or,  better 
still  J  double  glass,  with  perforated  zinc, 
taking  the  place  of  some  of  the  panes  of 
glass. 

But  there  is  in  this  apparatus  the  means 
of  killing  patients  as  well  as  curing  them ; 
especially  in  a  chmate  Hke  ours.  Win- 
dow ventilation,  especially  where  not  tem- 
pered by  wire  gauze  or  perforated  zinc,  is 
often  the  cause  of  fatal  or  dangerous  re- 
lapses. Patients  suffering  from  kidney 
dise^ise,  bronchitis,  or  rheumatic  fever, 
are  certain  to  relapse  if  they  get  a  chilL 
A  greater  degree  of  care  is  required  where 
there  are  many  surgical  cases.  The  be- 
lief is  therefore  spreading,  that  an  appli- 
ance for  keeping  up  a  supply  of  fresh  air, 
warmed  and  moistened,  and  for  di'awing 
off  foul  air,  ought  to  form  part  of  a  hos- 
pital ward,  a^id  ought  to  he  equal  to  keep* 
mg  the  wards  thoroughly  aired  in  frosty 
or  stormy  weather,  at  night,  or  at  any 
other  time,  when  windows  cannot  be 
safely  open. 

In  the  warming  and  ventilation  of  the 
new  St.  Thomas's  Hospital,  in  each  ward 
there  will  be  3  open  fire-places  on  the  j 
centre  of  the  floor,*  with  a  vertical  tubu-  j 
lar  floe  from  each  passing  up  to  the  coil-  j 
ing,    having    an    outer    air-tube   round,  i 
This  will  serve  to  c^rry  off  some  of  the 
vitiated  air  beyond  what  goes  up  the  flue 
with  the  smoke.     The  architect  has  also 
eupphed  4  foul  air  extraction  llues,  which 

•  Tb  prfiv<»i}i  llj<«e  tr«  f^m  taefttini^  the  ne»rc!il  bed*  loo 
mo^.  Ui«  opiinttiga  to  th«  Qro^piaoM  «ro  m^de  Xa  look  uj»  *a4 
dovn  the  baJ  or  wor^ 


meet  in  the  roofs,  and  near  the  outlet  of 
which  a  current  is  kept  up  by  a  coil  of 
hot-w^ater  pipes,  which  will  be  always  at 
work,  as  they  are  part  of  the  system  for 
supplying  hot  water  night  and  day  to 
each  ward.  As  an  auxiliary  for  cold 
weather,  coils  are  introduced  on  the  floor, 
and  the  boiler  for  working  them  is  a  sepa* 
rate  one.  Air  inlets  exist  in  the  floor. 
These  arrangements  are  quite  distinct 
and  disconnected  for  the  different  pavil- 
ions as  though  they  were  distinct  build* 
ings. 

There  are  hospitals  with  ward  windows 
at  the  ends  only,  or  merely  along  one 
side,  and  one  row  of  beds  down  the  cen* 
tre,  or  even  double  rows  -with  an  open 
arcade  between  them  like  the  nave  and 
aisle  of  a  church.  But  the  knowledge 
has  been  slowly  and  painfully  obtained, 
that  these  forms  of  w^ards  are  all,  for  this 
climate  at  least,  a  mistake,  for  the  reason 
solely  that  they  are  found  more  difficnll 
to  ventilate,  and  there  seems  no  reason  to 
beheve  that  any  material  alteration  will 
be  made  in  the  dimensions,  proportiona, 
or  arrangement  of  a  hospital  ward,  tiU 
we  have  first  estabhshed,  iJf  ever  it  can  be 
done,  a  perfect  system  of  hospital  venti- 
lation, 

PaovTsioy  AOAH^ST  INFECTION. — ^Thc  Ward 
ought  to  be  so  fitted  and  finished  as  to 
harbor  neither  vermin  nor  infection. 
Wall  paper  and  wooden  skirtings  must 
be  dispensed  with.  Ordinary  plaster  le 
porous,  so  is  soft  wood;  common  floora 
and  walla  are  therefore  liable  to  absorb 
insidious  poisons.  The  floors,  accord- 
ingly,  ought  to  be  of  the  hardest  wood, 
such  as  oak,  not  tile,  which  is  chilly  to  the 
feet,  and  ought  then  to  be  rubbed  with 
beeswax  and  oil  till  all  the  pores  are 
filled  up,  and  the  surface  is  smooth  and 
hard,  or  el  Re  oiled  and  lacquered,  as  is  the 
fashion  in  Berlin.  The  walls  and  cei" 
ought  to  be  of  the  hardest  obtaini 
material,  Parian  cement  being  rec 
mended  as  having  the  best  surface  for 
purpose. 

Heatin'o. — Far  the  heating  of  hospital 
wards,  English  authorities  concur  in  r^ 
commending  open  fires.  The  French  fre- 
quently warm  their  hospitals  as  they  da 
other  pnbhc  buildings,  by  a  hot-air  appa- 
ratus, and  must  thereby  nin  a  risk  of 
diminishing  the  advantage  of  their  excelr 
lent  an-angoments  in  other  respects. 

Ti£E  BciLniNoa  Attacited  to  the  Warp 
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■hoQld  be  as  follows  :  The  head  nurse  of 
each  large  ward  requires  a  separate  room 
with  a  window  looking  into  the  ward. 
A  smaller  room  called  a  ward  scullery  is 
also  required  with  a  fire-place,  hot  and 
cold  water,  and  a  sink.  At  the  opposite 
extremity  of  the  ward  are  required  a 
group  of  closets,  and  one  or  more  baths, 
and  a  lavatory.  The  arrangement  of  the 
closets  is  most  important;  not  only  should 
each  have  direct  ventilation,  but  there 
should  be  a  cross-current  of  air  trayersing 
ihe  passage  between  the  ward  and  the 
closets;  in  order,  if  possible,  to  prevent 
effluvium  from  coming  into  the  ward. 
There  ought  not  to  be  fewer  closets  than 
1  to  every  10  patients.  Somewhere 
near  the  ward,  but  not  in  it,  there  ought 
to  be  a  small  lift,  on  which  the  patient's 
food,  technically  termed  the  diets,  is 
brought  up  from  the  kitchen  corridor, 
and  it  is  usual  to  provide  both  a  dust 
shaft  and  a  foul  linen  shaft,  from  outside 
each  ward  to  the  basement.  A  large  lift, 
capable  of  taking  a  patient  and  his  bed 
and  an  attendant,  ought  also  to  be  pro- 
vided in  each  blodc  of  words. 

These,  and  no  other  rooms,  ought  to  be 
appended  to  each  ward.  Convalescent 
rooms  where  they  are  introduced  ought 
to  be  elsewhere. 

Tbx  Sebies  op  Wards. — ^How  are  they 
to  be  arranged  so  as  to  make  one  large 
institution  ?  From  considerations  of  econ- 
omy, especially  in  cities,  we  place  them 
one  above  another;  but  this  soon  reaches 
a  limit,  and  is  objected  to  entirely  by 
Miss  Nightingale  and  others.  It  is  agreed 
on  all  hands,  that  it  is  advisable  not  to 
put  the  sick  into  a  story  exactly  on  the 
level  of  the  ground  floor. 

The  modes  in  which  wards  have  been 
arranged  are  very  various,  but  there  ap- 
pears to  be  a  general  feeling  that  the 
best  possible  way  has  been  now  found 
out.  Where  only  two  wards  on  a  floor 
constitute  the  hospital  they  are  well  ar- 
ranged in  a  continuous  line  with  a  stair- 
rase  in  the  middle;  where  a  larger  number 
of  wards  has  to  be  provided  on  each 
story,  they  would  now  be  arranged  paral- 
lel to  each  other  (so  that  all  can  have  a 
sunny  aspect),  and  at  a  very  considerable 
distance  apart.  This  is  called  the  pavilion 
phin,  or  block  system.  Each  pavilion  is 
in  fact  the  ward,  with  its  appendages 
repeated  as  many  times  as  there  are  to 
be  stories,  and  has  its  own  independent 


staircase.  It  is  isolated  from  its  neigh- 
bors by  a  space  which  ought  to  be  enough 
to  keep  it  almost  all  day  clear  of  the 
shadow  of  adjoining  paviUons,  affording 
its  windows  all  the  air  and  sun  they 
require,  and  it  is  connected  to  its  fellows 
by  a  corridor  on  the  lowest  story  only.  A 
usual  plan  is  to  make  these  pavilions 
occupy  two  sides  of  a  hollow  square.  The 
best  known  example  is  one  of  the  Paris 
Hospitals,  the  Lariboisiere.* 

Other  Depabtbients  aih)  Bun:j>iNa8. — 
The  principal  entrance  for  in-patients, 
leading  to  a  receiving  room,  should  be 
well  marked  and  readily  accessible. 

The  out-patients  require  a  simple 
but  spacious  and  well-ventilated  waitmg 
room,  with  a  separate  entrance  and  ves- 
tibule. The  adjoining  physicians'  and 
surgeons'  rooms  should  also  adjoin  each 
other,  and  should  have  a  good  light. 
A  dispensary  for  receiving  prescriptions 
and  issuing  medicines  through  a  wmdow 
should  be  convenient  to  the  waiting 
room.  All  these  rooms  should  have 
closets.  A  casualty  ward  where  persons 
not  seriously  injured  may  be  attended 
to,  should  form  a  part  of  this  depart- 
ment. 

An  operating  room  (a  theatre  in  large 
hospitals)  should  be  accessible  to  the 
various  wards.  It  should  have  a  northerly 
top  light,  and  connect  with  a  surgeon's 
room,  and  a  small  ward  for  patients  who 
cannot  at  once  be  removed  after  opera- 
tions. 

The  dissecting  room  should  be  lighted 
from  the  top,  and  specially  well  ventilated. 
It  should  adjoin  a  dead-house. 

Rooms  for  the  physicians  and  surgeons, 
and  residences  for  other  officers  and  at- 
tendants, should  communicate  with  a 
corridor  leading  directly  to  the  interior  of 
the  hospital.  The  number  of  personal 
attendants  on  the  sick  is,  in  the  best 
hospitals,  one  to  every  seven  or  eight 
patients. 

The  kitchen  should  be  removed  from 
immediate  contact  with  the  wards  and 
ordinary  entrances,  and  yet  should  be 
accessible  to  marketmen  and  tradesmen. 
It  should  be  surrounded  by  the  necessary 
stores  and  offices,  and  should  have  a  wine 
cellar  and  ice-house.  At  the  same  time 
it  must  be  central,  so  that  the   "  diets  " 


*  Th'8,  and  sereral  of  the  b««t  modern  hoiiDluis,  are  llltM- 
t-^ted  tn  the  **  Civil  E&gineer  and  Archilool'i  Journal,'*  May, 
1868. 
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(cooked  ratione)  may  be  quickly  carried 
to  the  various  wards  by  lifts. 

Xtiuen,  beddings  and  bandages  require 
a  separate  department  80  does  the  laun* 
diy. 

In  arranging  these  separate  depart- 
ments, one  rule  should  especially  be  fol- 
lowed— that  whatever  goes  into  them 
should  pfisa  in  a  direct  course  froiu  one 
end  to  the  other,  without  being  shifted 
back  and  forth. 

A  Medical  School,  in  addition  to  bed- 
side or  clinical  lectures,  shoidd  usually 
be  attached  to  large  hospitals,  and  fthould 
consist  of  lecture  rooms,  rooms  for  ex- 
periments and  preparations,  professors' 
rooms,  a  library,  and  a  miisemn. 

Sites, — As  to  sites  for  hospitals,  Miss 
Nightingale  says  unhesitatingly  that  they 
ought  all  to  be  in  the  country.  Certain 
it  IB  that  a  pure  air  and  plenty  of  space 
are  the  most  important  of  all  conditions 
of  recovery.  The  argmneots  against  the 
country  are — first,  that  such  sites  are  out 
of  reach  of  patienU;  secomlly.  that  they 
are  out  of  reach  of  doctors;  and  lastly, 
that  they  are  out  of  reach  of  students. 
The  site  must  be  spacious,  airy,  dry,  sunny. 
It  should  not  if  ])os8ible  be  in  an  over- 
crowded neighborhood,  or  with  any  nui- 
fiance  near,  A  gravelly  soil  is  preferable, 
and  a  sufficiently  high  elevation.  A  bed 
of  concrete  over  the  whole  site  is  recom- 
jnended  as  a  good  preventive  against 
moisture;    thLy    has   been    done    at    St. 


KEW  STSTFM  OF  SCIENTinC  EDUCATION, 

A  new  system  of  high  scientific  educa- 
tion has  been  adopted  in  the  governmciit 
schools  of  France.  The  following  abstract 
of  the  system  is  fi*om  the  Paris  corre- 
spondence of  the  *' Engineer": 

The  new  scheme,  which  is  founded  on 
Imperial  decrees  only  a  very  few  w^eeks 
old,  includes  not  only  laboratories  of  edu- 
cation and  of  research,  but  also  the  Crea- 
don of  a  practical  high  school  or  college 
of  science  (Ecok  Pratique  de  Haides 
Etudes).  The  main  idea  of  the  plan  is 
bold,  simple,  and  sensible,  namely,  the 
mhl '  f  *  ]>resent  educational  staff  and 
eeiul  iits  available  for  the  new  insti- 

tution. WiUi  the  view  to  C4irry  it  out, 
the  Government  has  introduced  into  its 

idi^^et  an  au^rmentation  of  the  salaries 
professors  in  the  superior  schools  and 


colleges,  to  come  into  operation  from  the 
year  1869,  in  recompense  for  the  addi- 
tional labor  which  will  be  demanded  of 
them  in  gi\ing  class  lecturen  in  addition 
to  their  present  pubhc  onea 

The  new  laboratories  wnll  be  of  two 
kinds,  one  for  inntruction  the  other  for 
research,  the  former  being  as  it  were 
nurseries  for,  and  supplying  the  professor* 
with  assistants  for  the  latter.  Such  la* 
bo r atones  of  research,  of  which  thror  or 
four  ah'eady  exist  in  Paris,  have,  says 
Minister,  **  enabled  Germany  to  arrive  ail 
that  gi^eat  development  of  experimental 
science  which  we  watch  with  bo  much 
uneasy  sympathy/* 

The  new  school  is  not  to  be  essentially 
a  professional  school,  but  a  eollege  for 
improvement.  "The  young  man,*'  aavs 
the  report,  **who  feels  within  him  th« 
sacred  flame  at  which,  perhaps,  genitu 
may  light  its  torch  ;  he  who  haa  com- 
pleted his  general  studies,  or  the  spirit  ol 
which  may  be  repugnant  to  him ;  he  who 
is  not  tempted  by  the  hopes  of  a  lufrni- 
tive  calling,  or  who  may  be  irresistibly 
attracted  from  a  profession  already  ac- 
quired towards  pure  science,  docs  not 
find  in  our  present  establishments  all  the 
means  necessary  to  help  him  rapidly  and 
surely  to  tlie  object  of  his  vocation." 
Besides  books,  collections,  and  generiil 
lectures,  he  wants  precise  directions, 
general  council,  or  support,  and  the  means 
of  verifying  by  observation  and  experi- 
ment the  facts  which  he  has  acquired* 
"  Able  professors,"  says  the  report,  '*oftca 
discover  peculiar  bents  or  capacities  ill 
their  pupils,  and  in  the  CAse  of  chemistry 
during  the  last  thirty  yeiirs  much  has 
been  done  in  the  way  of  superior  educa- 
tion, and  the  rank  of  France  in  the  world 
t>f  science  has  greatly  benefited  thereby. 
The  object  now  is  to  supply  the  other 
branches  of  science  witli  schools  like  that 
which  has  done  so  much  for  this  science. 
The  word  **  practic-al "  must  not  be  taken 
in  its  ordinary  signification  of  iiidustrisd 
tttihty,  but  in  tlie  higher  sense  and  aa 
indicating  that  the  eyes  and  hands  re- 
quire to  be  called  into  use  to  strength- 
en and  extend  the  most  delicate  and 
highest  conceptions  of  the  scientific  spirit 
What  are  chemistry  without  manipula- 
tions, physics  and  physiology  without 
exi>eriments,  or  botany  without  herbailia- 
ing?** 

The  school  is  to  be  divided  Into 
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I,  entitled: — ^Mathematics,  physics 
imistiy;  natural  history  and  phy- 
;  and  historical  and  philological 
;  and  to  these  ma^  be  added  here- 

section  for  juridical  studies.  Of 
%  pupil  may  belong  to  all  or  several 
lections. 

school  is  open  to  all  the  world, 
;  any  limit  as  regards  age,  grade, 
onality,  but  all  pupils  must  un- 
preliminary  stage  of  three  months 

at  the  termination  of  which  the 
r  makes  a  report;  they  are  then 
ad  by  a  permanent  commission 
sends  up  a  list  to  the  Minister, 
lom  alone  rests  their  nomination 
achooL     Pupils  can  only  remain  3 
a  the  school  list.    All  the  private 
I  and  normal  lessons  of  the  pro- 
ire  open  to  them  as  well  as  the  lab- 
8  of  instruction  ;  they  ore  bound  to 
written  essays,  precis,  and  analy- 
[iven  subjects  and  works  published 
loe  or  abroad,  and  to  make  re- 
I  in  the  libraries  and  museums  on 
jects,   and   to  report    results  in 
;  and  the  pupils  in  the  natural 
section  will  take  part  in  scientific 
ms  under   the   direction  of  the 
>T&     No  mention  is  made  of  fees, 
the  education  appears  to  be  per- 
ratis;  and  moreover  the  Minister 
xm  the  recommendation  of  the 
:  council,   allow   an    annual    in- 
'  to  the  pupiLs  of  the  school.    The 
8  of  the  laboratories  have  also  the 
•f  recommending  pupils  who  show 
>titude  as  their  assistants,  and  the 
r  has  the  power  of  awarding  them 
Ities.     Each  section  of  the  school 
I  under  a  commission  of  iive  mcm- 
iminated  for  three  years  by  the 
rof  Public  Instruction,  and  chosen 
rom  the  list  of  directora  of  labora- 
nd  studies,  as  the  professors  of 
3ol  are  called.     The  directors  of 
iratorics  and  of  studies  will  grant 
tes    to    their  pupils,   and   make 
reports  to  the  commission,  and 
unination  of  these  reports  by  the 
-  council  the  Minister  will  entrust 
al  pupils  with  missions  and  award 
honorable  mentions,  subventions, 
al  recompenses. 

Drganization  of  the  new  school 
to  the  provinces,  the  directors  of 
•ries  and  studies  connected  with 
3  establishments  in  the  depart- 


(ments  as  well  as  the  pupils  to  enjoy  the 
same  privileges  as  those  of  Pans. 


UQUroS  FOB  HARDENING  STEEL-TEMPER- 
ING COLORS. 

From  a  nrw  TVeatise  on  Steel,  trauiUted  from  the  FreBch  of 
If.  a  C.  Laadrin  Jr..  bj  A.  A.  FoBqnek  Fhlladaiplila, 
Henrj  Ourey  Balrd,  1867. 

Notwithstanding  what  has  been  said, 
and  the  so-called  experience  of  some 
practical  metallurgists,  pure  water  is  the 
best  liquid  for  hardening  steeL  It  is  a 
mistake  to  believe,  with  the  andents, 
that  certain  waters  are  more  adapted  to 
this  operation  than  others.  The  only 
difference  lies  in  their  temperature.  A 
workman  of  Caen,  M.  Damesme,  who 
has  published  a  diffose  work  on  steel,  has 
tried  the  hardening  of  steel  in  the  juices 
of  vegetables,  and  has  ascertained  that 
there  is  comparatively  no  advantage  over 
hardening  in  water.  Mercury  nas  no 
other  property  than  that  of  being  cold, 
and  of  producing  a  hardness  which  can 
be  obtained  with  water  at  the  same  tem- 
perature. 

Tallow  and  oils,  where  carbon  is  one  of 
the  constituent  elements,  produce  an  im- 
perfect hardening,  but  prevent  a  loss  of 
carbon.  When  by  overheating,  steel  has 
been  burned  and  decarburized,  the  oils 
and  fatty  matters  are  usefal,  because  they 
give  back  to  the  steel  a  part  of  the  carbon 
lost  in  the  fire.  Some  acids,  such  as  sul- 
phuric, are  justly  considered  as  imparting 
more  hardness  to  steel,  by  dissolving  a 
film  of  iron  from  the  surface  and  expos- 
ing the  carbon.  As  for  urine,  alcohol, 
brandy,  and  a  thousand  other  Kquids 
extolled  by  ignorant  workmen,  they  are 
not  worth  as  much  as  water,  which  has 
the  advantage  of  being  abundant  every- 
where, cheap,  and  adapted  to  all  changes 
of  temperature. 

Some  workmen  heat  the  steel  which  is 
to  be  hardened,  much  above  a  cherry  red- 
ness, allow  it  to  cool  slowly  in  the  air, 
and  wait  imtil  it  has  taken  a  certain  color, 
previous  to  plunging  it  in  water.  This  is 
a  very  bad  practice,  because  by  an  excess 
of  heat  there  is  a  loss  of  carbon,  and  an 
alteration  of  the  steel,  which  has  then 
Inrge  grains,  and  is  without  tenacity  at 
the  edges. 

After  hardening,  the  temper  or  hard- 
ness is  drawn  as  required  for  different 
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purposes  by  reheating — the  color  of  the 
steel  being  the  guide. 

1,  Being  put  upon  burning  fuel,  the 
Bteel  gradually  heated  becomes  tarmshod, 
yellow,  and  straw  yellow. 

2.  The  heat  increasing,  the  color  deep- 
ens, and  reaches  a  gold  yellow,  fall 
yellow. 

3»  Afterwards,  the  steel  takes  several 
shades,  rapidly  following  and  blending 
with  each  other  ;  they  are  pni-ple,  pigeon's 
throat,  copper,  brown  purple, 

4,  These  shades  become  deeper  until 
they  become  viidet, 

6.  Afterwards,  they  pass  rapidly  io 
indigo  blue,  /*!(//  blue,  dark  hlvr. 

6w  This  color  becomes  weaker,  and  gires 
a  »ky  blue  more  or  less  pui'e, 

1,  The  blue  takes  a  greenish  tint  and 
produces  shades  which  are  gray  and 
Hea-green, 

8,  At  last,  the  steel  reddens,  and  will  no 
longer  give  distinct  colors. 

The  Bhades  of  these  eight  colors,  which 
are  called  tempering  colors,  and  perfectly 
distinct,  very  apparent,  and  easy  to  recog- 
nize; but  they  take  place  only  after 
hardening  and  on  clean  steaL  The  metal 
which  has  not  been  hardened,  will  not 
show  these  colors  so  plainly  ;  the  shades 
are  mingled,  blended,  and  less  in  nuin* 
ber. 

The  colore,  during  the  tempering,  are 
a  sure  guide  for  the  workman,  of  the 
degree  of  hardness  or  tenacity  he  desires 
to  obtain.  Dark  blue  indicates  a  great 
tenacity,  straw  yellow  produces  a  greater 
hardness,  and  is  the  tempering  shade  for 
razors.  Bistouries,  lancets,  penknives, 
erasing  knives,  some  scissors,  and  gener- 
ally blades  requiring  body,  arc  reheated 
to  full  yellow.  The  strong  blades  for 
table  knives  and  gardening  tools  are  tem- 
pered to  a  brown  or  purjile  brown.  Pur- 
ple is  the  proper  color  for  large  shears. 
Violet  and  dark  blue  are  for  springs ; 
with  a  violet  color,  the  spring  vnl\  be  very 
elastic  but  brittle,  a  blue  shade  will  make 
it  very  resisting.  It  is  very  difficult  to 
break  a  spring  reheated  to  the  color  of 
water;  but  its  elasticity  is  a  great  deal 
lessened. 

The  hardened  instruments  are  reheated 
in  or  upon  a  live  fire,  easily  regulated, 
and  without  the  help  of  bellows  as  far  as 
practicable.  An  intelligent  workman  will 
cmkw  blowing  as  soon  as  he  perceives  that 
the  metal  begins  to  change  its  color.   The 


proper  shade  must  come  by  itself  with- 
out increasing  the  ^e,  and  must  be 
regular  all  over,  before  the  piece  iii 
plunged  in  cold  water.  SometimCd  thin 
last  clipping  is  omitted. 

The  small  pieces,  such  as  peztknives, 
erasing  knives,  etc.,  rest  upon  a  wire  dodi 
put  into  the  middle  of  the  fire;  when  they 
have  reached  the  proper  color  they  are 
cooled  in  water. 

A  lancet  requires  a  special  tempering; 
the  shank  must  be  blue ;  from  there  the  color 
will  be  first  purple,  next  brown,  and  at 
the  point,  full  yellow.  These  various  shades 
upon  one  blade  are  a  necessity,  on  ac- 
count of  the  dcf^ee  of  bar  nd 
tenacity  required  by  this  i  it 
Full  yellow  will  produce  tli  j  :  4»or 
sharpne ss,  but  would  not  be  .s  n  j  t  1 1 1 J  *  to 
the  rest  of  the  blade,  which,  inste^id  of 
hardness,  must  have  tenacity  and  elas* 
ticity, 

A  good  workman,  willing  to  give  tho 
greatest  perfection  to  an  instrument,  will 
be  very  careful  when  tern  per  ii|g  it,  in 
order  to  obtain  the  various  shades  which 
are  necessary".  A  knife,  for  instance,  must 
lie  brown  purple  at  the  cutting  odgi% 
purple  in  the  middle,  and  sea  green  at 
the  back,  to  unite  the  hardness  of  the 
cutting  edge,  with  a  certain  amount  of 
resistance  which  will  prevent  its  breaking 
under  a  strain. 

This  is  obtained  by  using  certain  pre- 
caiitions,  and  above  all,  by  not  going 
beyond  the  proper  degree,  because  it  is 
very  difficult  to  retrace  the  steps.  If  the 
fire  was  too  strong  or  irregular,  part  of 
the  edge  may  be  purple  brown,  w^hile  the 
other  is  only  straw  yellow;  then,  by 
pinching  the  blade  between  red-hot 
tongues,  at  the  place  which  should  be 
more  heated,  the  temperature  rises 
rapidly,  and  the  instrument  is  brought 
up  to  the  proper  tempering  point  Cer- 
tain scraping  and  burnishing  tools,  and 
steels  for  sharpening,  do  not  require  any 
tomporing,  because  they  cauuot  be  too 
hard. 


THE   Rhode  Island   LocoMorrvE  Wobjw 
are  making  5  locomotives  a  month, 
and  their  capacity  is  to  be  doubled. 


LEAD  Penctls,  one©  really  made  of  lead, 
are  now  chiefly  made  of  the  plumbago 
from  the  Alibert  mines  in  Siberiai. 
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ELECTRIC  UGHIS  FOB  UGHI-HOUSES  AKD 
SHIPS. 

B|f  fiaott  Saim  SdBM,  or  Um  Coumnntorj  of  ArU  and 


Ttaaiklad  from  Amuki  dm  GSmU  CMI,  September,  1868. 

The  Electric  Light  is  nothing  but 
the  luminoos  arc  rormed  between  two 
carbon  points  fixed  at  the  poles  of  a  strong 

Sile,  or  magneto-electric  machine.  It  is 
ae  not  to  Uie  combustion  of  the  carbon 
points,  but  to  the  irradiation  of  their 
molecoles,  which  fly  continuously  from  the 
positive  to  the  negatiye  pole  of  the  source 
of  electricity.  Hence,  were  there  no 
combustion,  that  is,  were  the  operation 
in  a  vacuum,  the  distance  between 
the  points  being  regulated  according  to 
the  intenfdty  of  the  current,  there  would 
be  a  continuous  luminous  arc,  since  the 
exact  quantity  of  matter  forming  from  the 
positive  would  arrive  at  the  negative  pole. 
The  function  of  a  regulator  of  the  elec- 
tric light  is,  therefore,  to  correct  mechanic- 
ally the  space  between  the  carbon  points, 
which  results  from  their  combustion,  in 
air.  The  operation  cannot  be  in  a  vacuum, 
lor  the  glass  envelopes  cannot  resist  the 
heat  due  to  the  formation  of  the  arc. 
Messieurs  Staite  and  Petrie  in  England, 
and  Leon  Foucault  in  France,  solved  at 
the  same  time  the  question  of  photo-elec- 
tric regulators;  and  to  Foucardt  is  due 
the  first  idea  to  make  the  electric  current 
itself  regulate  the  movement  of  the  points. 
Since  the  first  attempts  to  apply  magneto- 
electric  machines  to  produce  light,  the 
regulators  exclusively  used  were  the  well- 
known  ones  of  J.  Dubosc,  disposed  to 
utilize  the  continuous  currents;  but  the 
conditions  of  the  apparatus  were  such 
that  they  cordd  work  with  intermittent 
currents.  A  little  later,  when  the  regu- 
lator of  Mons.  Serren  was  coming  into 
use,  Mons,  Joseph  von  Malderen,  during 
a  discussion,  inquired  of  him  whether  he 
could  overcome  some  of  the  defects  of 
Dubosc's  lamp;  and  he  found  that  the 
principle  of  Serren's  regulator  was  such 
that  it  could  work  with  currents  imcor- 
rected.  Thus  it  was  a  lucky  chance  that 
led  to  the  discovery  that  the  regulator  of 
Serren,  constructed  like  all  others  to  be 
used  with  currents  from  the  pile,  could 
work  with  the  uncorrected  currents  of 
the  machines;  but  that  which  had  no 
chance  about  it  was  the  intelligence  and 
persevenince  of  Malderen,  who  compre- 


hended that  the  difficulty  came  from  the 
regulator;  and  that  what  one  failed  Iq, 
the  other  might  perhaps  accomplish. 

Since  then,  each  inventor  had  to  trans- 
form his  apparatus;  and  Foucault,  just 
before  his  death  in  1866,  gave  the  last 
touch  to  one  of  his  early  models,  and  con- 
fided to  Dubosc  the  task  of  realizing  his 
idea.  Serren's  regulator  was  applied  in 
the  light-house  at  Cape  la  H^ve,  and  Fou- 
'cault's  in  the  garden  of  the  Exhibition. 
The  latter  excited  doubts  on  account  of 
the  great  precision  required  in  fitting; 
but  a  trial  of  long  duration  proved  the 
genius  of  its  aui^or,  and  his  ability  to 
reconcile  deUcacy  and  complexity  with 
solidity. 

Foucault  undertook  to  make  a  regula- 
tor that  should  absolutely  fulfil  the  two 
main  conditions — the  diminution  of  all 
the  causes  of  extinguishment,  and  the 
fixity  of  the  luminous  point  The  twe 
principal  causes  of  extinguishment  are: 
the  too  great  separation  of  the  carbon 
points,  and  their  accidental  contact. 

[The  description  of  the  apparatus  would 
be  scarcely  intelligible  without  the  en- 
gravings, which  we  have  not  time  to  pre- 
pare for  this  number;  we  therefore  must 
refer  those  who  are  specially  interested 
in  the  details  to  the  Annates  da  Oenie 
Civil,  for  September,  18G8.] 

This  regulator,  constructed  by  Dubosc, 
has  since  been  arranged  by  him  to  work 
either  with  the  pile  or  the  magneto-elec- 
tric machine,  wifli  the  precision  required; 
and  it  is  sufficiently  hardy  for  service  in 
light-houses,  ships,  and  operations  under 
deep  water. 

Mons.  Reynaud,  director  of  the  admin- 
istration of  light-houses,  thi-ee  years  ago, 
made  a  complete  report  on  the  question 
of  electric  lighting  on  the  coasts;  and 
since  then  nothing  of  interest  has  ap- 
peared to  add  to  that  report.  The  fol- 
lowing tables  taken  from  it  show  that  the 
cost  of  Hghting  by  oil  is  dearer  than  by 
electricity,  in  the  proportion  of  580  to  79. 

Light'lxouse  with  Oil  Light. 

rranw. 

Apparatus,  with  armature 37,940 

Mechanical  lamps,  3 2,100 

Revolring  machine 3,200 

Furniture 900 

Lantern,  with  glass,  etc 20,400 

Setting  up 8,900 

ciTiio 
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Annual  cost  for  4,000  hours  ofliglUing, 

Francs. 

Interest  and  wear,  10  per  cent 6,814 

Annual  expenses 7/J73 

14,817 

Which,  divided  by  4,000,  gives  3,7  as  ilie 
coat  per  hour. 

Tlie  intensity  of  the  light  sent  to  the 
horizon,  is  about  equal  to  tjBO  Carccl  burn- 
ers: the  cost  per  unit  of  light  eqiitii  to 
that  of  a  Carcel  burner,  is  therefore  ,58 
francs. 

LigJU-hQiLse  mitli  Ukctric  Light 

Francs. 

2  magneto-electric  machines 16,000 

2  steam  engines  and  accessories,. .  -  6,000 

2  regfulators  and  netting  up 3,000 

Lenticular  apparatus. 3,000 

287000 

Cod  per  hour  for  4,000  hours  per  year. 

FnmcB. 

Interest  and  wear 70 

Fuel  for  steam  engines 40 

Wages  for  2  firemen , . . , 70 

Wages  for  2  watchmen ^ ,  •  • ;  • .  ,50 

Carbon  crayons 36 

Oil,  etc.,  for  madiinery. , ,13 

The  mean  intensity  of  the  light  sent  to- 
wards the  horizon,  that  is,  taken  ontside 
of  the  apparatus,  is  equal  to  3,500  Carcel 
burners »  which  gives  as  the  cost  of  a  Carcel 
unit  of  light  sent  to  the  horizon,  ^5^= 
.079  francs. 

Against  this  irameiise  advantage  in 
favor  of  electric  light  there  is  the  fact 
that  the  light  fi'om  oil  has  more  power  to 
penetrate  fog,  being  richer  in  red  rays, 
than  the  electric  light.  In  misty  evenings 
one  can  see  that  the  moon  and  gas  lights 
have  a  red  or  orange  tint,  the  blue  rays 
being  refracted,  and  unable  to  traverse 
the  foggy  atmospliere.  Therefore,  to  make 
the  electric  lighting  sure,  it  is  necessary  to 
have  2  machines,  one  of  which  will  be 
kept  ready  for  use  in  case  of  accident  to 
the  other;  or  in  cape  of  fog,  when  both 
will  work  together,  and  give  double  light 
In  this  way  the  gi'eater  atmospheric  re- 
distance  is  overcome.  This  expedient  is 
not  possible  with  oil  lamps;  for  we  can- 
not aouble  the  flame  of  a  lamp  aa  we  can 


double  the  electric  current  that  flows  b^ 

tween  the  carbon  points. 

Electric  lighting  in  light-houses  eeemi 
not  to  have  made  much  progress  since 
the  report  Mons.  Keynaud;  and  the  ria* 
sons  of  it  are  easy  to  be  seen. 

To  transform  existing  light-honse^,  we 
must  sacrifice  the  existing  apparatus,  far 
the  sole  advantage  of  increasing  the  light 
at  any  moment.  Besides,  it  is  doubtful 
wliether  all  light-houses  are  large  and 
strong  enough  for  the  accommodation  of 
the  new  machinery;  this  is  certainly  Iho 
case  with  most  of  the  light-houses  on  tbe 
coast.  As  to  the  light-houses  of  inferior 
order,  it  would  be  illusory  to  think  of  al- 
tering them.  And  other  difficulties  are 
inherent  in  electric  lamps,  which,  howev- 
er well  designed,  are  subject  to  causes  of 
derangement  w  liich  render  necessary  ih& 
best  mechanism;  and  the  crayons,  if  im- 
pure, may  scale,  and  cause  interruptions; 
and  these  impurities  might  cause  mia- 
takes  incompatible  with  the  service  of 
the  light-house. 

In  conclusion,  when  a  new  ligbt-house 
is  to  be  bxiilt,  it  will  be  advantageous  to 
adopt  the  electric  light;  but  the  impor- 
tance  of  the  question,  relative  to  the  gen- 
eral administration  of  light-houses,  is 
much  less  than  was  at  first  supposed. 

In  1863,  in  a  notice  of  the  applications 
of  the  electric  bght,  we  suggested  the 
lighting  of  vessels  by  it  The  maritime 
exhibition  at  Havre  shows  that  our  sug- 
gcsHou  has  been  considered,  at  least  in 
principle.  In  the  point  of  view  of  light- 
ing the  course  of  a  ship,  no  i me  will  deny 
that  the  oil  hmtern  is  insufficient  to  pre- 
vent coEisions  at  night;  while  the  electric 
lantern  would  ilhimlne  the  air  all  aroundi 
and  the  rocking  of  the  vessel  would  cause 
such  changes  of  light  as  would  attract  the 
notice  of  the  men  on  other  vessels.  When 
we  consider  the  whole  cost  of  a  ship,  that 
I  of  electric  engines  is  insignificant;  2  or  S 
horse-power  will  work  a  magneto-electric 
macliine.  And  the  electric  light  will 
serve  other  purposes  on  board  a  ship. 
Recent  experiments  have  shown  that  it 
would  be  possilile  to  assist  a  ship  in  her 
course  by  dazzhng  the  steersman  by  a 
jet  of  light,  when  an  oil  lantern  wotild  not 
be  seen  by  him. 

It  can  also  be  used  to  light  under  water; 
an  application  that  concerns  the  repaira 
of  the  sheathing  and  bulls  of  v66&Qlfl» 
the  finding  of  lost  artides,  and  ttia  eaioh* 
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ing  of  fish.  The  fish  are  confased  by  the 
light,  and  then  easily  caught  Mons. 
Dabo9C  esdiibits  a  specimen  lantern  well 
fitted  to  endoae  an  electric  lamp.  The 
conducting  wires  are  connected  so  that 
there  is  no  chance  for  water  to  leak  into 
the  lantern.  This  apparatus  can,  without 
fear  ol  too  high  pressure,  be  lowered  to 
great  depth  in  the  sea. 


might  rather  be  named  impure  sulpho- 
I  cyanide  of  ammonium  than  sulphate  of 
'  ammonia.  The  knowledge  of  this  fact 
lis  of  great  importance  to  makers  of 
I  chemical  manures  and  farmers,  inasmuch 
I  as  only  one-half  of  the  nitrogen  existing 

in  sulphocyanide  can  be  made  available 

for  manuring  purposes. 


VIEW  FBOM  A  Baux>oh. — ^Thc  vicw  over 
London,  in  ascending  2,000  feet,  is  thus 
described  by  the  "London  News": — ^The 
ea^rth  and  its  dwelling-places,  its  trees, 
its  roads,  its  rivers,  o^op  slowly  down 
and  resolve  themselves  into  a  clearly 
defined,  vndely  spreading  map.  The 
steamers  plying  on  the  Thames  recalled 
the  toy-boats  at  the  Polytechnic;  the 
black  ants  rushing  busily  to  and  fro  in 
the  barren  space  immediately  below  were 
schoolboys  in  a  playground  a  few  min- 
utes since;  the  strips  of  drab  tape  stretch- 
ing their  devious  courses  to  right  and  left 
are  roads;  the  squares  and  oblong  green 
patches  with  dark  borders,  fields;  and  that 
large  table  upon  which  a  game  of  domi- 
noes is  apparently  being  played  is  Bromp- 
ton  Cemetery ;  and  it  is  its  profusion  of 
white  tombstones,  some  flat,  some  upright, 
which  are  recalling  the  old  game.  There 
seems  a  mighty  stir  among  the  pigmies 
below,  and  huzzahs  which  become  faint 
in  the  distance,  but  are  never  quite  lost, 
come  up  to  us  cheerily.  The  small  boxes 
drawn  oy  ants,  into  which  cabs  and  omni- 
buses have  resolved  themselves,  twine 
their  way  along  the  strips  of  drab  tape, 
and  almost  arouse  wonder  by  never  de- 
viating from  their  path. 


CHEMICAL    Nature    of    Cast-Iron. — At 
the  last  meeting  of  the  British  Asso- 
ciation the  report  on  this  subject  by  Dr. 
Matthiessen  and  Dr.  BusseU  led  to  some 
discussion.     It  seems  that  though  no  less 
than  70  experiments  were  made  in  the 
production  of   pure  metallic  iron  from 
its  various  compounds,  the  reporters  hod 
not  yet  succeeded  in  obtaining  any  iron 
perfectly  free  from  sulphur.     Dr.  Mathies- 
sen  hoped,  however,  by  continuing  his  re- 
searches, yet  to  obtain  a  perfectly  pure 
sample  of  metallic  iron.     In  the  course 
!  of   the   discussion  which  followed,   Mr. 
:  Sutton  suggested  that  probably  the  pres- 
j  ence  of  sulphur  in  iron  was  only  another 
instance  of  the  persistence  of  that  ele- 
ment in  the  atmosphere,   as  shown   by 
the  experiments  of  Mr.  W.  F.  Barrett, 
who  first  devised  the  method  of  detecting 
I  the  presence  of  sulphur  upon  the  surfaces 
i  of  bodies  exposed  to  the  air  by  projecting 
upon  them  a  flame  of  hydrogen,  a  magni- 
ficent blue  flame  resulting  therefrom. 


SULPEOCTAXIBB  OF  AimoNiuM. — At  the 
last  meeting  of  the  British  Associa- 
tion, Dr.  Phipson  read  a  paper  on  this 
subject,  in  which  he  pointed  out  a  fact  of 
some  importance  to  agriculturists,  viz. :  that 
for  many  years  past  the  ordinary  sulphate 
of  ammonia  manufactured  in  gas  works 
by  neutralizing  gas  liquor  with  sulphuric 
add  contained  small  quantities  of  sulpho- 
cyanide of  ammonium,  say  from  2  per 
cent,  to  4  per  cent  ;  but  latterly  many 
specimens  of  commercial  sulphate  of 
ammonia  contained  a  very  much  larger 
proportion,  some  specimens  yielding  as 
much  as  even  75  per  cent  of  sulpho- 
cjanide.      So  that^  in  fact^  the  article 


BOILER  Explosions,  having  been  attrib- 
uted, from  time  to  time,  to  every 
known  agency  of  explosions,  it  is  not 
singular  that  upon  the  discovery  of  nitro- 
glycerine, they  should  have  been  attributed 
to  it — ^upon  the  following  curious  reason- 
ing: Fatty  matter  in  the  water  in  a 
boiler,  acts  chemically  on  the  steam, 
forming  glycerine.  When  organic  matter 
is  present  in  the  water,  the  chemical 
affinities  will  set  free  electricity,  which 
generates  ammonia — ^which  mixed  with 
moist  air  at  a  temperature  212^  Fah.  over 
water  containing  potash,  produces  the 
nitrate   of  potash.     Glycerine  and  nitric 

I  acid  readily  combine  chemically,  the 
glycerine  gives  up  a  portion  of  its  hydro- 
gen and  takes  on  a  part  of  the  oxygen, 
when  tlioy  all  combine  into  a  new 
compound,  nitro-glycerine,  which  has  2^ 
times  the  specific  gravity  of  water. 
Nobel's    blasting    oil    is    composed     of 

.  glycerine,  sulphuric  acid,  and  the  nitrate 


VAX  NOSTBAKD'S  EI^GINEERIKG  MAGAZINTL 


of  potftsh.  Nitro-glycerine  being  insoluble 
in  water,  and  hiiving  greater  specific 
gravity,  it  reatlily  finds  the  bottom  of  tba 
boiler,  wliere  it  would  remain  were  it  not 
for  the  Budden  rise  of  iemijerat^ire.  It  is 
not  explosive  at  212^  Fah.,  but  at  300° 
Fah,  (whieb  it  soon  attains  in  contact 
witb  the  boiler  plate),  explodes  with 
13  times  tbe  force  of  gunpowder. 
Hence  those  terrific  and  unaccountable 
explosions  that  so  often  take  place  when 
the  boiler  contains  its  maximum  of  water. 
Finally,  at  least  90  per  cent,  of  all  the 
teiTific  disasters  on  our  westem  rivers 
have  occuiTed  in  tbe  spring  of  the  year, 
w  hen  the  rivers  were  full  of  surface  w  ater 
containing  organic  matter,  fats  or  oils, 
potash,  and  sulphur;  or  they  blew  up  at 
or  near  the  levee  of  some  city,  where 
they  had  taken  on  a  supply  of  water 
contaminated  with  sewerage,  containing 
the  very  tleinents  of  destruction. 

As  the  iSeienfiJic  AmefHcan  suggests,  all 
the  elements  of  gunpowder  also  exist  in 
river  water,  and  gim powder  is,  therefore, 
as  likely  a  cause  of  boiler  explosions  as 
ni  tro-gly  cerine. 


AN  ENGLISH  EXPRESS  LOCOMOTIVE. 

The  following  are  tlie  principal  dimen- 
sions of  the  latest  style  of  passenger  en- 
gine on  the  Great  Northern  Railway. 
The  en.qfine  has  a  pair  of  leading  and  a 
pair  of  traiUng  wheels,  a  pair  of  drivers 
nearly  in  the  centre,  and  inside  cylinders 
—the  old-fashioned  English  engine,  with- 
out modern  improvements  in  the  distribn- 
tion  of  weight  and  strain,  but  well-pro- 
portioned in  detail: 

Ft   in. 
BqH^  : 

Duiriflter  of  lArreL  lQffid«  mnft11«at  plate. ,  3      9^ 
"  •'  ''     Imr^e»t       ♦'     .  »    11 H' 

E^niithnf  liMTel...., ,....*,..  *..,10      2 

I  <n*nh  of  tn Hide  firebox 4     S«/ 

Width  **  " 3      6 

Heife'ht  **         •*      •tfh>nt, .,..,,...  6      S)^ 

'*  *•  "      M  buck ,.  6      8X 

TbickmsM  of  barrel   , ,0      03^' 

Thick fiftss  of  nnokdiox  t«l»«  pint*. ...... .  0     Q}1 

Thickne5a  of  J)r«box  T>UUi  }.i  in.,  except 
tutM!  plat««,  whteb  b  K  ^n.  thick  »l  the 
upper  part,  and  ihioned  lo  }'4  in,  below 

ihp  ti»l»C.H. 

K Hinder  of  Ubejij  193, 

Lcn^h  **     betwf>«n  tub^pLit««....10      6^ 

Dianwt'er        "      outtidei.   ..............  0      J*^ 

Tliickiie«       •*      »t<irfll»oxendNal2WG. 

♦  *  «*  M  t»     ♦♦    j^     u 

I^n^f h  nf  nmokptMix  tiipcid«. ...,.,  2      5V^ 

DUmeter  of  chinmey  Iniide  Mt  top ........  1      €  Y 

**  "  •*     At  hottom 1      OJl^ 

Height  of  chimiM^  Abovo  tup  ofumokebox.  3  10 


Tubes  toataidel 9S3lf  ftqaare  f««t, 

mn       •* 


firebox. 


Total XQllH 

Flre;:rato  area.  ,.....,  16.4  tquMm  fo^t. 
Wherh  afid  As-Us  : 

Duimetor  of  driving  wbeali , ,  * . « « , »  7 

*^  \cmd\ag      •*     ..,..**,   *....  4  1 

"  Irailing      *• , 4  I 

Dbtanco  !ictwf<?n  centres  of  lei^dinf;  and 

drivin^c  wbwlf . ...,,,,   ..9'  f 

Difitmiec  between  oooiret  of  driving  snd 

trailtni:  whecla •••««•••..«,  7  $ 

T«ral  wheel'base. .......... .17  0 

Bfnrintjs  of  Driving  As^et: 

Diameter..... 0  7 

Ijcngth 0  7 

Bearinffx  of  Ijeading  and  Trailing  vt  jnfea  .' 

Diimnarer (^  S 

Lenfftli ,.,,•»  0  in 

Diameter  of  oxleiftt  ceoLiv.... •..«,.,,,,  0  $ 
Cylinders: 

Dlamoter.. ..,...••••  ••••••••*.•••••«•*  1  i 

Stroke ,..,.. »«  t  0 

Lcnt;th  of  port*. .., •,,...,••,,,,,*.  1  1 

Width  of  ttteam  purtR.... , 0  1|| 

^  exbatiH  porU 0  |^ 

Wcrhinff  G*wr : 

Length  of  eonnccfin^-rcirli  botireipD  ceQCjea  h  % 

Diameter  of  bearing  at  large  end ..,.,.,.,  0  7 

Length  "  "       '^ 0  4 

Diame'er  •*  inviU  *» *  0  I 

length  •*  **       " 0  1 

Width  of  Rwideban  (dDnble| ., 0  tK 

Lenj^b  of  crosshrad  block* 0  10 

Diameter  of  pinton-rndii • . .  • 0  IIC 

*'  valv«  itpindles     .,..*.  0  lis 

I..«nfTtb  of  cooentric  rod«  between  centFM.  5  Vi 
Framfs  : 

L^n^th  of  framei  outside  b offer ^platee. . .  .28  4 

Thickneu  of  inside  fmrnes. 0  1^ 

outside     **     .......     0  0)5 

Depth  of  inAide  fVames  Itetween  ei'Iiiiden 

■nd  dnvini:  hom-plntea ..." ,  I  S 

Depib  of  in&ido  fntmes   between  djrivini; 

and  trailing  bom-plite*.. •,♦  1  • 

Depth  of  out!iido  frame  between  honnplatefl  1  0 
Wtfghi  of  Engint  IJmptif  .- 

ton*.cw1. 

On  leading  wbe^lt .....* 91$ 

Ondrivinjr  wbeeli IS  IS 

Onlroiiifig  wheeU...«. 8  0 

SO    » 

Tbe  steam  pressure  carried  is  130 
pounds;  tbe  tractive  force  about  7.000 
pounds;  tbe  regular  speed  44  miles  per 
hour,  exclusive  of  stops.  Tbe  tjTes,  axle- 
box  guides,  crank  axle,  guide  bars*  and 
piston-rods  are  of  steel  Tbe  engine  is 
fully  illustrated  in  **  Engineering/'  Oct  9. 


THE  Phcexix  l^IiLLs,  at  Seneca  Falls,  N* 
Y.,  are  the  largest  of  tbeir  kintl  in 
this  State.  Tbcy  comprifte  Z  buiklings  of 
the  following  dimeuftions:  200  by  70  feet, 
150  by  50,  and  120  by  05,  witb  a  Trare- 
boufie  200  by  45,  They  contain  26  sets  of 
woollen  machinery  of  the  most  improTed 
patt*^rns.  Tbe  working  force  of  the  milk 
is  1,000  bonds. 
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OLD  ASD  NEW  WATS  OF  BBEAD-MAKING. 

From  tlM  <•  AflMTlCMk  ArtisaB.*' 

There  is  probably  no  substance  used 
for  food  that  nas  been  made  from  a  greater 
diTeraity  of  materials  or  by  a  greater  va- 
riety of  ways  than  bread,  and  very  few 
which  possess  greater  elements  of  interest 
to  the  general  reader  or  the  student  of 
practical  science. 

It  is  believed  that  the  earliest  loaves 
were  made  at  a  period  anterior  to  the  in- 
vention of  even  the  oldest  grinding  or 
pulverizing  devices,  by  simply  soaking 
grain  in  water  until  it  became  soft  and 
pulpv  and  then  pressing  it  into  cakes, 
which  were  baked  m  the  camp-fire  embers 
where  the  rude  and  wandering  tribes 
pitched  their  tents  each  night.  It  was 
Dut  a  slight  advance  on  this  to  bray  or 
pound  the  wheat,  millet,  or  other  grain  in 
a  mortar,  and,  after  moistening  the  pow- 
dered mass,  spreading  it  upon  a  hot  sur- 
face  to  bake,  or  placing  it  wrapped  in 
leaves  in  the  hot  ashes  for  the  same  pur- 
pose; yet  this,  almost  the  first  and  primi- 
tive method  of  bread-making,  has  ob- 
tained, widi  a  simple  change  in  the  mode 
of  pulverizing,  to  this  day.  When  the 
Hebrews  dwelt  in  the  land  of  Gk)shen 
they  baked  the  huggothy  or  little  cakes  of 
unleavened  bread,  under  the  ashes  or 
upon  the  hearth.  In  recent  times  the 
far-famed  oat-cakes  of  Scotland  have  been 
made  by  wetting  the  coarsely  bruised  or 
powdered  oats  with  water  having  a  little 
salt  dissolved  therein,  and  after  rolling 
the  mass  into  a  thin  sheet  placing  it  be- 
fore the  fire.  Bannocks  are  said  to  be 
made  in  the  same  way  in  India,  and  in 
our  own  country  bruised  com-meal  spread 
wet  upon  a  shingle,  placed  aslant  in  front 
of  the  hearthstone  fire,  constituted  the 
johnny-cake  that  made  the  greater  part 
of  the  pioneer's  daily  fare.  The  method 
of  baking  under  the  ashes  is  still  followed 
by  the  women  in  Bulgaria  when  bread 
must  be  made  in  haste,  so  as  to  meet  the 
wants  of  travellers;  and  the  hoe-cake  of 
the  South  owes  its  charcoal  crust  to  the 
same  process.  The  making  of  bread  is 
also  characterized  by  the  unique  nature 
of  the  materials  used;  for  instance,  the 
Laplanders,  having  no  grain,  make  a  kind 
of  bread  of  dried  and  pulverized  fishes 
and  the  inner  bark  of  the  pine-tree,  and 
in  Sweden  and  Norway  the  wood  of  beech 
and  similar  trees  which  contain.no  tur- 


pentine is  sometimes  converted  into 
bread.  This  is  done  by  macerating  the 
wood  in  water,  and  boiling  it  to  remove 
the  soluble  matter.  The  wood  thus  ma* 
cerated,  after  being  heated  several  times  in 
a  suitable  oven,  is  reduced  to  a  fine  pow- 
der by  grinding.  It  is  asserted  that  this 
wood-fiour  much  resembles  that  made 
from  corn,  having  a  yellowish  color  and 
being  capable  of  fermentation  on  the  ad- 
dition of  yeast,  and  furthermore  produc- 
ing loaves  of  uniform  and  spongy  texture. 
This  flour  also  yields  by  boiling  in  water 
a  thick  jelly  something  like  that  made 
from  wheat-starch.  Pidverized  pine  bark 
is  very  often  mingled  with  rye-flour  in 
Nortliem  Europe. 

The  bread  made  according  to  the  sim- 
ple methods  above  described  may  all  be 
classed  as  unleavened  bread,  but  the  use 
of  barm  for  making  raised  bread  was 
known  as  far  back  as  the  time  of  Moses; 
and  its  employment  passed  from  Ugypt 
to  Greece  and  Italy,  and  afterwards  to  all 
the  northern  nations  conquered  by  Bo- 
man  arms.  No  other  means  of  making 
light  or  raised  bread  were  ever  known 
until  within  a  comparatively  recent  period, 
when  the  same  spirit  of  progress  that  rev- 
olutionized other  departments  of  industry 
led  to  improvements  in  the  art  and  mys- 
tery of  making  the  staff  of  life.  A  men- 
tion of  some  of  these  last  may  be  of  inter- 
est 

Aside  from  convenience  in  the  process 
of  making,  one  great  object  sought  to  be 
secured  by  the  recent  methods  is  to  obvi- 
ate the  loss  resulting  from  the  fermenta- 
tion produced  by  yeast,  and  which  has 
been  variously  estimated  at  from  2  to  10 
per  cent,  of  the  entire  weight  of  flour. 
To  effect  this  object  the  bi-carbonate  of 
soda  and  hydrochloric  acid  have  been 
sometimes  brought  into  use,  there  being 
intimately  incorporated  with  every  4 
poimds  of  flour  employed  320  grains  of 
the  powdered  bi-carbonate.  To  the  flour 
thus  prepared  is  added  a  solution  com- 
posed of  300  grains  of  common  salt,  6^ 
fluid  ounces  of  hydrochloric  acid,  and  35 
oimces  of  water.  The  dough  being 
kneaded  is  placed  in  the  oven  for  baking 
in  the  ordinary  manner.  The  acid  com- 
bines with  the  soda  of  the  bi-carbonate, 
converting  it  into  common  salt  which  is 
left  in  the  bread,  and  disengages  carbonic 
acid  which  puffs  or  swells  it  up  in  the 
same  way  that  the  carbonic  acid  liberated 


hy  the  action  of  leaven  brings  about  the 
BOine  end.  Another  plan,  must  fretjuent- 
\y  adopted  in  making  nisk,  f^ngerhread, 
etc.,  involves  the  use  of  the  jieHqui-carbou- 
ate  of  ammonia,  which,  when  the  dou^h 
is  heated,  is  eonTerted  wholly  into  a  gas 
and  passes  off,  leaving  the  bread  in  the 
form  of  a  light  sponj^y  mass. 

There  is  also  a  different  plan  of  making 
what  is  known  as  uerated  bread,  in  which 
the  dough  is  placed  in  a  box,  and  mixed 
by  machinery  with  water  charged  with 
carbonic  acicL  When  the  dough  is  taken 
from  the  box  where  it  is  thus  mixed 
under  pressure,  the  carbomc  acid  escapes 
from  the  water  and  "  raises  '*  the  breatl,  so 
that  by  this  means  not  only  is  ail  loss  of 
flour  prevented,  but  the  process,  instead 
of  requiring  8  or  10  houi's,  as  by  the 
common  mode,  may  be  completed  in  30 
minutea* 


TELEGBAPH  ENGINKERING  K  1868, 

The  progress  of  telegraphy  during  the 
past  year  lias  not  been  distingui.shed  by 
any  remarkable  invention,  and  generally 
telegraphic  extensions  in  this  country 
have  been  checked  by  the  contcmplat<Hl 
assumption  of  the  telegraphs  by  the 
Government,  Messrs.  Siemens  have  pro- 
jected and  commenced,  in  connection  with 
our  North  Sea  cables,  an  extended  aerial 
telegraph  through  Prussifi,  Russia,  and 
Persia,  to  join  our  Indian  lines  at  Teheran^ 
and  though  rival  interests  are  striving 
very  hard  to  cry  down  this  route  in  favor 
of  submarine  lines  through  the  Slediter- 
ranean  and  Red  Sea,  we  have  no  doubt 
that  the  kno^vn  abihty  of  the  contractors, 
and  the  manifest  superiority  of  a  well- 
constructed  land  line  over  the  uncertain 
diirabihty  of  a  submarine  cable,  will  make 
this  telegraph  the  favorite  **  silent  high- 
way **to  the  East 

Immense  stimulus  has  been  given  to 
submarine  telegraphy.  There  are  more 
miles  of  cables  in  construction  at  the 
present  moment  than  at  any  previous 
period  of  telegraphic  history,  and  during 
the  past  year  new  cables  have  been  sub- 
merged— between  Malta  and  Alexandria, 
900  miles  ;  between  Sunderland  and  Den* 
mark,  340  miles,  and  between  Florida 
and  Cuba,  110  miles — though  this  last  is 
not  yet  completed,  owing  to  the  expetli- 
tion  running  short  of  cable*     Sir  Charles 
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Bright  is  now  engaged  in  completing  hia 
dillicult  ta^ik.  The  Danish  cable  is  re- 
markable for  being  the  first  cable  of  any 
length  constructed  with  Hooper *a  insu* 
latcd  core,  and  600  miles  of  cable  of  tho 
same  material  are  now  coiled  in  the  tanks 
at  Henley's  works,  waiting  submersion  in 
the  Persian  Gulf.  The  largest  submarine 
project  of  modexn  days,  the  French  At- 
lantic cable,  is  making  rapid  strides  at 
the  gutta-percha  works  and  at  the  tele- 
graph  construction  works  at  Woolwich. 
It  is  expected  to  be  laid  in  August. 
It  consists  of  3,047  miles  of  rope,  and 
it  will  be  submerged  from  the  same 
and  by  the  same  experienced  hi 
that  were  engaged  over  the  prev; 
cables. 

During  the  year  Professor  Wheaistone 
received  the  just  reward  of  a  knighthood 
for  his  numerous  and  beautiful  inventions 
in  telegraph^^ 

The  Atlantic  cable  broke  near  New- 
fouuiUund,  and  was  readily  repaired. 
Tliis  is  the  second  time  such  an  aocidtiut 
has  occurred.  Many  other  such  aeeidenta 
have  happened  during  the  year  to  other 
cables,  including  the  Persian  Gidi.  the 
IMultii  and  Alexandria,  the  Dunwich  imd 
Zaudvoort,  the  Lowestoft  and  Zand\  oort, 
the  Sicihan  and  Algerian,  etc  Tho  main* 
te nance  of  submarine  cables  has  become 
an  important  and  valuable  branch  of  the 
engineering  profession,  and  tlie  expe- 
rience of  our  engineers  has  shown  that 
repairs  to  cables  are  practicable  in  all 
depths.  Considerable  confidence  in  such 
enterprises  has  been  engendered,  ami  the 
fjubhc  are  becoming  far  more  liberal  in 
their  contributions  towards  tliis  vast  field 
fur  investment.  China  and  AustraUa  C44n- 
not  long  remain  beyond  the  pale  of  the 
electric  spark. 

The  all-absorbing  domestic  question  of 
the  day  is  the  purchase  of  the  telegraphs 
by  the  State.  This  is  expected  to  hfi 
completed  in  June.  The  telegraphs  will 
pass  to  the  control  of  the  active  exocntive 
of  the  Post-office,  and  the  public  will  be 
great  gainers  by  the  exchange.  How  the 
professional  branch  is  to  profit  or  suffer 
remains  to  be  seen. — Engineering, 


WATER-PowEB  in  Maine,  according  to  n 
State  report,  consists  of  above  2,000 
different  "  privileges  "  of  an  ag;^egate  of 
300,000  to  600,000  horsc^powen 
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mp  Caval  tbox  OewBGO  to  Albant. — 
It  is  proposed  to  constmct  a  ship 
canal  from  Oswego  to  Albany  by  enlarg- 
ing the  Erie  Canal  from  Albany  to  Oneida 
Lue,  thence  along  the  head  of  the  lake 
and  down  the  Oswego  riTer.  The  lockage 
is  230  feet  With  this  canid,  vessels  loaded 
with  grain  conld  sail  from  Chicago  to 
liiyerpool  by  way  of  New  York,  avoiding 
the  difficult  navigation  of  the  St.  Law- 
rence river. 


TpUBXiTUBE-ifAKiNo  IN  Italt. — ^Thc  Italian 
JD  eities  were  &mons  in  the  middle 
ages,  but  not  more  famous  than  at  pres- 
ent, for  the  production  of  furniture 
and  house  and  church  decoration  in 
wood,  not  only  in  large  quantities,  but  of 
light  and  tasteful  designs.  The  principal 
BKKlem  works  of  Barbetti,  at  Florence, 
employ  about  100  workmen,  and  turn  out 
a  value  of  half  a  million  dollars  per  an- 
num. At  Milan  there  are  30  smaller 
manu&ctories,  employing  some  250  men. 
The  more  beautiful  of  their  productions 
are  in  carved  woods  and  in  marqueterie 
work,  inlaid  with  metal  and  enriched  with 
ormolu  or  colored  stones,  or  miniatures 
and  pictures  in  majolica.  In  various 
parts  of  the  province  of  Milan  this  manu- 
facture gives  employment  to  350  families. 
Here,  as  well  as  in  the  Venetian  provinces 
and  about  Naples,  much  cheap  as  well 
as  costly  furniture  is  produced.  At  the 
principal  works  in  Florence,  Milan,  Turin, 
and  Naples,  wood-working  machines 
driven  by  steam  are  considerably  em- 
ployed. 


WCTATVs'  Cigar  Steamships.  —  However 
opposed  the  principles  of  Messra  Wi- 
nans'  construction  may  be  to  the  general 
practice,  it  should  appear  that  they  have 
not  been  arrived  at  without  long  and  costly 
nreliminary  experiment  The  ''London 
Times  "  details  experiments  made  by  Mr. 
Winans  long  since,  in  Baltimore,  with 
various  forms  of  hull  and  frictional  sur- 
faces, and  states  that  Mr.  Winans'  plans 
are  soon  to  be  tested  on  the  large  scale  of 
ocean  navigation. 


AcsTBALUN  Coal,  equal  to  the  Eng- 
lish North  Country  coal,  is  worth  7s.  to 
9a.  per  ton  at  Sydney,  the  mines  being  5 
to  7  hours  distant,  near  the  coast 


WOBKING  PLANT  AND  APPLIANCES. 

From  <«lbe  BoUding  News." 

Human  invention  and  ingenuity  are 
ever  on  the  stretch  to  keep  pace  with  the 
contin^ncies  that  are  daily  and  hourly 
occumng,  and  are  the  inseparable  at- 
tendants of  an  age  of  reason,  enlighten- 
ment, and  national  education.  No  soon- 
er is  one  improvement  patented  and  giv- 
en to  the  public  than  another  springs  up 
superior  to  its  predecessor,  and  after  that 
another,  and  so  on  until  man's  inventive 
faculties  are  racked  and  the  powers  of 
imagination  strained  to  the  utmost  to 
meet  the  ever-increasing  demands. 

Notwithstanding  that  the  aid  of  maidiin- 
ery  has  been  called  largely  into  requisi- 
tion in  the  construction  of  engineering 
and  architectural  works,  yet  many  of  the 
processes  and  operations  still  continue  to 
be  carried  on  by  manual  labor.  Earth- 
work is  still  nearly  universallv  performed 
by  hand.  The  old  system  of  laying  down 
temporary  rails,  filling  the  *'  lorries,"  and 
tipping  them  over  the  "tip  head,"  is  still 
practised,  and  will  be  for  a  long  period 
to  come.  Where  the  excavation  takes  the 
shape  of  a  tunnel,  special  machines  are 
used,  as  in  the  case  of  Mont  Cenis,  which 
is  an  example  upon  the  largest  and  most 
sncceBsfiil  scale  that  has  ever  been  at- 
tempted. A  marked  improvement  was 
visible  in  the  construction  of  engines, 
movable  cranes,  and  other  mechanical 
appliances  for  raising  loads  at  the  recent 
"Exposition,"  in  comparison  with  the 
specimens  exhibited  at  previous  inter- 
national displays;  they  were  much  sim- 
pler in  construction,  better  finished  with 
respect  to  fitting  and  workmanship,  more 
practical  in  design,  less  costly,  and  better 
adapted  for  rapid  manipulation,  and  less 
likely  to  cause  accidents  and  mishaps 
among  those  working  them. 

Except  in  comparatively  insignificant 
instances,  the  old  system  of  scaffolding 
for  house  building  is  completely  obsolete. 
Contrast  the  methods  at  present  employed 
in  the  erection  of  the  new  mansionrj  on 
the  estate  of  the  Marquis  of  Westminster 
with  the  more  ancient  system,  wherein 
round  larch  and  fir  poles  and  rope  lash- 
ings formed  the  prominent  features.  We 
replace  manual  labor  in  what  might  be 
termed  the  transference  of  materials  by 
the  agency  of  movable  cranes  running 
upon  strong  timber  travei-ses;  and  in  this 
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respect  our  Bystem,  as  a  whole,  is  supe- 
rior to  that  of  our  French  neighbors.  There 
is  no  country  where  the  erection  of  build- 
ings, so  fiir  ns  modern  inventions  and 
convenicncies  are  concerned,  haa  made  so 
little  progress  as  France,  Notwithstand- 
ing that  there  is  an  abundance  of  more 
favorable  appliances  at  hand,  she  con- 
tinues to  emi)Ioy  the  ancient  methods  in 
spite  of  their  slowness  and  cost. 

One  especial  point  in  which  there  is  a 
marked  distinction  between  ua  and  conti- 
nental nations  is  in  the  substitution  of  iron 
for  timber.  Among  ourselves  this  is  now 
almost  universal.  An  engineer  would 
never  dream  of  erecting  a  timber  bridge 
except  upon  a  scale  of  the  most  triBiug 
character,  nor,  in  fact,  were  it  intended 
fur  railway  traffic,  would  the  Board  of 
Trade  sanction  it  Cast  and  wrought-iron 
joists  and  beams  arc  now  the  ordinary  suj>- 
porta  in  warehouses  and  large  buildings, 
to  the  almost  entire  exclusion  of  timber. 
The  ca«e  is  otherwise  in  France,  where 
heavy  ballcB  are  still  employed  in  situations 
that  we  should  now  never  think  oltheir  oc- 
cupying. Recently  iron  wire  has  l>een  used 
there  with  great  success  instead  of  ropes 
for  scaffold  fastenings.  From  very  early 
times  the  Italians  have  been  in  the  habit 
of  adopting  a  pecuhar  description  of  scaf- 
folding in  which  very  short  timbers  are 
used,  and  the  erection  of  which  is  carried 
ou  with  extreme  rapidity  and  consider- 
able solidity.  It  is  quite  possible  that  if 
this  system  were  modernized,  and  received 
the  benefit  of  all  the  recent  improvements 
and  modifications,  it  might  prove  a  very 
valuable  one. 

It  might  be  impposed,  from  what  has 
been  stated  respecting  the  substitution  of 
iron  for  timber,  that  the  trade  of  the  car- 
penter had  declined,  and  had,  in  fact,  bo- 
come  merged  in  that  of  the  smith.  To 
some  extent  this  is  probably  b*ue,  but  not 
to  a  degree  sufficient  to  affe-ct  the  absolute 
earnings  of  the  former.  Permanent  iron 
constructions  of  the  present  day  demand 
an  amount  of  carpenter's  work  for  tempo- 
rary purposes,  far  exceeding  what  was  re- 
quired for  the  permanent  timber  erections 
of  bygone  times.  Let  any  one  take  a  glance 
at  the  forest  of  piles,  uprights,  horizontal 
trusising,  bracing,  strutting,  and  centei-ing, 
that  ol>8truct  the  river  at  Blackfriars,  and 
it  will  be  more  than  sufficient  to  assure 
hem  thai  timber  and  carpentry  still  play 


a  very  considerable  part  in  engiiieenng 
and  architectural  structures, 

SIachinei*y  has  been  establislied  on  the 
most  improved  system  and  on  the  most 
extensive  scale  for  fashioning  the  timber- 
work  intended  for  the  interiors  of  houses; 
sawing,  planing,  mortising,  tenoning,  and 
all  the  other  operations  once  performed 
solely  by  hand  labor,  are  now  accomplished 
by  the  agency  of  machines.  It  is  rather 
curious  that  the  principal  railway  ter- 
minus in  Munich  was  one  of  the  first  in- 
stances abroad  where  all  the  timbers  were 
prepared  by  machinery.  Oeraiany  and 
our  own  countr)^  were  tha  two  foremost 
in  availing  themselves  of  the  aid  of  steam 
power  for  this  purpose. 

The  real  merit  of  substitution  of  machin- 
ery for  manual  labor  is  undoubtedly  due 
to  the  Americans,  and  in  their  case  was  a 
practical  iDustration  of  the  old  adag«, 
"  Necessity  is  the  mother  of  invention," 
From  a  scarcity  of  manual  labor,  an  in- 
convenience that  all  young  coimtries  suf- 
fer from,  she  was  obHged  to  invent  some 
means  of  accomplishing  by  machine  power 
what  was  cfFected  in  more  populous  coun- 
tries by  hand  labor.  It  is  often  said  that 
the  Americans  invent,  but  we  improve,  and 
there  is  much  truth  in  the  remark-  The 
reason  is  easily  found,  and  the  %'ulidity  of 
the  observation  confii^med.  Tlie  Amer- 
icans have  not  the  time  to  perfect  any  in- 
vention; they  are  daily,  almost  hourly, 
in  want  of  it,  and  are  compeUed  to  utilize 
it  before  it  has  received  that  finish  and 
those  nice  adjuBtments  which  in  reality 
constitute  the  whole  mechanical  beauty 
of  the  machine-  When  the  crude  ma- 
terial comes  to  us  we  have  leisure  to  ex- 
amine it  and  it  therefore  receives  from 
us  that  remodelling  and  final  improve- 
ment which  the  urgency  of  the  case  did 
not  admit  of  in  the  land  of  its  biiilL 
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STLf5BT's  Fm»  Encutte  Works  at  Sen- 
eca Falls,  N.  Y.,  comprise  2  ma- 
chine shops,  120  by  45,  and  60  by 
45,  a  foundry  90  by  50,  a  smith  shop  75 
by  50,  a  boiler  shop  40  by  40,  a  paint 
I  shop,  brass  foundry,  etc,  *Th*^T  employ 
\  ICO  men,  and  have  built  over  200  steam 
fire  engines,  besides  various  steam  and 
pumping  machines  and  hydraulic  fittingB* 
The  Siisby  ptunps  are  rotatory  inst^^ad  of 
reciprocating. 
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THE  IKON  WORKS  OF  LE  CKEUSOT. 

CTa*fie<&ointl>8Cocw«popdBPC»ofiiie«*MiniiigJoanial.'» 

Few  traYellers  through  Burgundy,  and 
more  especially  that  portion  of  it  purple 
in  the  summer's  prime  with  the  luscious 
fruit  of  the  vine,  would  imagine  that  it 
has  its  black  country.  But  a  cloud  of 
smoke  persistently  hangs  over  a  por- 
tion of  it — smoke  from  the  iron  works  of 
Le  Creusot,  which,  from  the  small  pro- 
portions of  a  local  forge,  set  up  in  1769, 
have  grown  to  be  among  the  most  im- 
portant and  extensive  in  Europe. 

The  best  and  easiest  route  to  Le  Cren- 
Bot  is  by  the  railway  which  branches  from 
the  Paris  and  Lyons  line  a  little  south  of 
Beaune,  to  Montchanin,  and  from  thence 
by  another  line  communicating  with 
NeTers,  which  passes  close  to  the  works. 
Le  Crensot  now  has  a  population  exceed- 
ing 25,000  souls,  all  more  or  less  con- 
nected with  the  works.  In  1782  Le 
Crcosot  bore  the  name  of  Charbonnieres, 
given  to  it  in  consequence  of  the  dis- 
covery of  coal  near  the  village  and  close 
to  the  surface  of  the  ground.  The  dis- 
covery having  been  communicated  to 
Louis  XYL  a  company  was  formed, 
under  his  patronage,  to  work  the  mine; 
and  as  laborers  were  scarce,  the  king 
placed  a  re<?iment  of  soldiers  at  the  dis- 
posal of  Gauthey,  cngineer-in-chief  to 
the  States  of  Burgundy,  who  was  ap- 
pointed to  open  the  mine.  Shortly  after 
a  steam  engine,  constructed  by  Watt, 
was  brought  over  from  England,  the 
cylinder  of  which  is  carefully  preserved 
OS  an  interesting  relic.  By  means  of  this 
engine  considerable  quantities  of  coal 
were  raised,  and  the  almost  simultaneous 
discovery  of  iron  ore  near  the  coal  gave 
a  fresh  stimulus  to  the  company.  By 
order  of  Louis  XYL  and  on  his  death 
by  that  of  the  chiefs  of  the  revolution,  a 
great  number  of  cannon  and  cannon-balls 
were  cast  here ;  and  the  hill  where  the 
guns  were  proved  and  tried  was  called 
Les  Boulets,  by  which  name  it  is  still 
known.  After  the  revolution  Le  Crensot 
passed  into  the  hands  of  the  brothers 
Cliagot,  under  whose  direction  various 
iron  works  were  erected  and  all  the  gas- 
pipes  for  Paris  made.  In  182G  the  above 
gentlemen  disposed  of  the  works  to  an 
Fnglifh  company — Manby  and  Wilson — 
for  the  sum  of  2,620,000  frs.  But  the 
oonoem  did  not  prosper  in  their  hands — 


the  company  collapsed;  and  in  1837  the 
establishment  was  purchased  by  the 
Brothers  Schneider,  one  of  whom  had 
been  long  engaged  in  commerce  in  Paris, 
while  the  other  had  been  trained  among 
the  forges  of  the  Ardennes.  An  unfor- 
tunate accident  terminated  the  life  of  the 
elder  of  those  brothers  in  1845,  since 
which  period  the  management  has  been 
in  the  hands  of  M.  Eugene  Schneider 
(the  well-known  President  of  the  French 
Corps  L^gislatif ),  who  has  developed  its 
resources  to  their  present  gigantic  pro- 
portions— how  gigantic  may  be  conceived 
from  the  fact  that  while  in  1837  the  work- 
men did  not  exceed  1,000,  they  now  num- 
ber 11,000. 

The  greater  portion  of  the  iron  ore 
worked  at  Le  Creusot  is  obtained  from 
Mazenay,  at  the  function  of  Burgundy 
and  Maconnais.  This  ore  yields  28  per 
cent,  of  iron,  and  extends  over  a  vast 
area.  The  vein,  which  in  no  place  is 
more  than  130  feet  from  the  stu^faoe  of 
the  ground,  averages  6^  feet  in  thickness. 
The  present  annual  yield  is  262,000  tons. 
The  ore  is  conveyed  by  a  si)ecial  railway 
to  Le  Creusot,  where  it  is  passed  through 
enormous  blast-furnaces  of  the  most 
approved  construction.  Large  as  is  the 
supply  of  iron  ore  from  Mazenay,  it  does 
not  meet  the  requirements,  and  other 
mines  feed  these  great  works.  Among 
these  is  the  famous  Algerian  Mine  of 
magnetic  iron  ore  at  Mokta-el-Hadid, 
which  yields  no  less  than  65  per  cent,  of 
excellent  iron,  and  of  which  largo  quan- 
tities are  now  shipped  to  Dunkirk,  where 
it  is  sold  at  1/.  8s.  lOd.  per  ton. 

To  meet  the  great  and  continually 
increasing  demand  for  steel,  enormous 
works  for  carrying  on  the  Bessemer  pro- 
cess are  being  erected,  which,  when  com- 
pleted, will  extend  the  total  area  of  the 
works  to  357  acres.  But  perhaps  the 
most  impressive  department  of  this 
establishment  is  that  of  the  forges, 
contained  in  a  shed  covering  no  less  than 
29.65  acres,  and  containing  68  steam- 
hammers,  672  machines  of  various  kindp, 
and  85  steam-engines. 

With  respect  to  steam-hammers,  it  is 
due  to  our  neighbors  to  state  that  they 
claim  the  invention  of  this  most  useful 
machine  for  their  countryman  ^I.  jMour- 
don,  who  took  out  a  patent  for  its  con- 
struction in  April,  1842,  whereas  Mr. 
Nosmyth,  to  whom  the  invention  is  gen- 


138 


VAN  NOSTRAND'S  ENGINEERING  MAGAZINE. 


erally  attributed,  did  not>  as  they  say, 
take  out  liis  patent  in  Kiiglrtiid  until  Juno 
in  tbo  abo\e  year,  having,  moreover, 
visited  Le  Creusot  between  tlie  above 
moBtlis. 

Tbe  shed  containing  the  workshops  for 
the  con8tru«tion  of  locomotives,  marine 
and  the  other  b team -engines,  iron  bridges, 
pontoons,  etc,  is  scarcely  inferior  in  ex- 
tent  to  that  devoted  to  the  forges.  It 
contains  37  steam-hammers,  and  567  ma- 
chines of  various  kinds.  Locomotives  are 
building  here  for  nearly  aE  the  States  in 
Europe. 

That  the  flourishing  condition  of  Le 
Creusot  is  partly  due  to  the  enonnous 
supplies  of  iron  ore  and  coal  at  its  very 
door  is  unquestionable;  but  credit  must 
he  also  given  to  the  admirable  manage* 
m«^nt  prevalent  throughout  all  the  depart- 
ments. Its  large  and  continually  increas- 
ing business  must  also  be  ascribed,  in  a 
great  measure,  to  the  fact  that  the  wages 
of  the  skilled  workmen  are  below  those 
received  by  Enghsh  operatives  of  the 
same  class.  According  to  the  informa- 
tion communicated,  the  wages  paid  to 
plate-rollers  is  10  frs.  for  10  Innirs*  labor, 
and  the  first-class  workmen  engaged  on 
locomotives  receive  only  5  frs.  The 
average  daily  wages  of  all  the  workmen 
is  now  3  frs,  45  cents.  Low  as  these 
wages  are,  compared  with  those  paid 
to  English  artisans  in  our  iron  works, 
the  prices  of  provisions  at  Le  Creusot 
are  such  as  to  enable  the  oj^eratives 
to  live  comfortably  within  their  in- 
comes. The  rent  of  a  house,  contain- 
ing 3  rooms,  varies  from  100  to  125 
fra  per  annum;  and  the  average  living 
expenses  of  a  family  consisting  of  3 
persons  is  stated  to  be  1  fr.  60  cents  per 
day.  Great  facilities  are  given  to  the 
workmen  to  purchase  the  houses  which 
they  occupy.  The  average  cost  of  these 
is  1,800  frs.*;  and  at  present  2,lt^l  work- 
men own  the  houses  in  which  they  live. 
Several  exceDent,  and  almost  gratuitous 
schools  e3dst  in  the  town,  the  payment 
exacted  being  only  75  cents,  per  head 
monthly.  Boys  are  taught  reading,  writ- 
ing, grammar,  arithmetic,  and  draw- 
ing; and  those  who  manifest  intelligence, 
and  a  decided  capacity  for  mechanics,  are 
Bent,  at  the  expense  of  the  company,  to 
the  High  School  of  Arts  and  Metiers  at 
Ais,  from  whence  they  are  drafted  to  L© 
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Creusot  when  their    education  is 
pleted. 

From  a  statistical  document,  it  app 
that  during  the  15  years  ending  18G5,  on 
of  the  entire  population  only  632  person 
were  sentenced  to  pimishments  for  crime 
and  these  were  of  very  light 
Drunkenness — that  curse  of  our  count  ^ 
— is  very  rarely  seen  at  Le  Creusut;  and 
woman  beating,  which  disgraces  Engl 
working  communities,  is,  it  may  be  said 
entirely  unknown. 

jNERAL  Wealth  of  Mibsoubi, — ^Thert] 
are  three  copper  fields  in  Miseoiui 
These  extend  through  Franklin^  Cra^ 
ford,  Dent,  Shannon,  Wayne,  MadisoQ|! 
and  Iron  counties,  and  include  500,000 
acres  of  copper  lands.  The  practical  geol- 
ogy, topography,  sm'face  signs,  and  ores 
discovered  and  mined  in  these  copper 
fields,  indicate  that  the  repletion,  or  fiUmg 
of  these  copper  veins,  is  on  a  scale  of 
magnitude  corresponding  to  the  iron-pro- 
ducing action  that  formed  the  IJron  Moun- 
tains. No  copper  has  been  mined  in  Mis* 
souri  since  1856, 

There  are  2,000,000  acres  of  lead  fields 
in  Mssouri;  30,000  ceres  have  been  mined 
and  jie\d  $25,000,000  worth  of  lead. 
This  lead  was  made  from  ore  from  "  clay 
diggings,**  which  is  the  croppinga  of  veins 
in  the  rock- 

The  value  of  pig-iron  made  in 
Missouri  in  18G7  was  about  $1,000,000, 
lead  $300,000;  no  copper,  mne  or  nickel 
Value  of  pig-iron  made  in  Pennsylvania 
in  1867,  in  round  numbers,  $30,000,000. 
Missouri  contains  a  much  richer  charac- 
ter of  iron  ores  than  Pennsylvania,  and 
ton  times  the  quantity. — Iron  Age. 
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THE  Petroletjm  Thade. — Philadelphia 
ships  about  half  of  the  petroleum 
sent  abroad  fi*om  the  United  States.  Pitts- 
burgh is  the  principal  maiket  for  the 
article  west  of  the  AUeghanies.  From 
January  Ist  to  November  14th  of  the 
year  just  past,  Philadelphia  exported 
33,605,221  gallons  of  petroleum.  In  the 
same  periml,  the  exports  from  Boston 
amounted  to  2,267,517,  and  from  Port- 
land 680,400  gallons.  During  the  same 
period  in  1867,  the  exports  ^om  Phila- 
delphia to  foreign  ports  were  25,621,00«1 
gallons,  showing  an  increase  this  year  of 
upwards  of  8,000,000. 


VAN  NOSTBAXD'S  ENGINEEEINO  MAGAZINE. 


1S9 


(1  ABB  ON  m  Steel.— Hardened  steel 
)  leaves  iio  carbonaceous  residue  on 
solution  in  muriatic  or  diluted  sulphuric 
acids;  unhardened  steel  also  leaves  none 
when  dissolved  at  as  high  a  heat  as  pos- 
able  with  exclusion  of  air ;  but  it  leaves 
such  a  residue  when  solution  is  not  at 
first  or  at  the  proper  time  aided  by  heat. 
This  residue  is  not  dissolved  by  further 
heating. 
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-BiNMAN  in  Erdinans  Journal. 


tyOOD  suitable  for  cabinet  making  and 
*  f  decoration,  according  to  a  report  on 
the  woods  in  the  Paris  Exhibition,  exists 
in  much  larger  quantities  and  of  much 
greater  variety  than  is  generally  supposed. 
But  a  small  nimiber  of  the  hard  and  beau- 
tifully colored  and  variegated  woods  that 
are  accessible  in  various  countries,  have 
been  brought  into  use. 

Another  report  magnifies  the  value  of 
wood  to  the  world,  deprecates  the  reck- 
less waste  of  timber  in  new  countries,  and 
advocates  the  enactment  of  better  laws 
for  the  preservation  of  forests. 
Vol.  L-Na  2.-9 


THE  STEENGTH  OF  COBBUGATED  lEON. 

BT  J.    E.    HABT,   C.  E. 

From  the  **  Bombay  Baildor,"  Angosi,  1868.  With  oommenli 
by  Professor  Raokiue.  from  "  The  Engineer"  NoTember  U, 

ises. 

The  following  are  the  experiments  on 
the  transverse  strength  of  corrugated 
iron,  alluded  to  in  a  letter  publisheid  in 
the  May  number  of  the  above  journal : 

The  iron  experimented  on  was  supplied 
by  Messrs.  Nicol  &  Co.,  Bombay,  and 
supposed  to  be  of  the  following  gauges  : 
8  BWG,  10  BWG,  12  BWG,  16  BWG, 
22  BWG.  The  sheets  or  plates  were  sup- 
ported on  trestles,  and  loaded  in  their 
middle  by  weights  suspended  in  a  scale 
pan.  The  bending  action  of  the  load  was 
distributed  along  the  transverse  axis  by  a 
rigid  bar  of  timber  laid  across  the  sheet 
at  right  angles  to  the  corrugations,  and 
the  pressure  of  this  bar  was  distributed 
to  ridge  and  furrow  by  a  layer  of  damp 
sand.  Fastened  to  this  bar  by  a  cotter 
was  a  flat  strip  of  steel,  which,  passing 
through  a  slot  in  the  sheets,  suspended  a 
stirrup  with  an  tmiversal  joint  carrying  a 
roughly  made  scale  beam.  The  dimensions 
of  the  slot  were  three-fourths  of  an  inch 
long  by  one-fourth  of  an  inch  wide. 

The  object  of  this  arrangement  was  to 
obviate  any  imequal  strain  on  one  side  or 
other  of  the  sheets  through  the  oscilla- 
tions of  the  load  in  the  scale  pan.  The 
tressles  were  movable  along  sleepers  sunk 
in  the  ground,  so  thai  the  bearings  of  the 
sheets  could  bo  altered  at  pleasure.  The 
deflections  were  measured  with  a  scale  of 
50th8  of  an  inch,  which  was  himg  from 
the  lower  side  of  the  sheets  between  silk 
threads  stretched  by  weights  between  the 
tressles.  The  thicknesses  of  the  sheets 
were  measured  with  a  scale  of  100th  of 
an  inch,  read  off"  with  a  magnifying  glass. 
The  sheets  broken  were  of  various  lengths 
in  order  to  test  the  accuracy  of  the  for- 
mula; for  the  same  reason  the  bearings 
were  made  to  vary;  and  in  order  that  the 
comparison  might  be  closer  several  of  the 
broken  sheets  were  again  subjected  to  ex- 
periment. The  constant,  or  modulus  of 
rupture  arrived  at,  is  on  the  whole  suffi- 
ciently uniform,  and  establishes  fairly 
Professor  Rankine's  approximate  formula 
for  the  moment  of  resistance  of  corru- 
gated iron  (see  "Manual  of  Civil  Engi- 
neering," chap,  v.,  sec.  iv.,  art.  375). 
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which  equated  with  the  bending  moment 
for  a  central  load  gives — 


-nfa 


hht 


A 


'  4 

16  Wl 
a  —  TSKTi 


whence 


by  which  formula  the  modulus  of  rupture 
fa  is  calculated. 
In  the  formula  : 

W  =  The  total  load  in  pounds; 

A  =  The  height  of  the  corrugations 
measured  from  ridge  to  furrow; 

b  and  t  =  The  breadth  and  thickness 
respectively  of  the  sheets  in  inches; 

I = The  bearing  or  span  between  sup- 
ports ia  inches. 

The  heights  of  the  corrugations  were 
found  to  be  very  unequal,  not  only  in  ad- 
jacent ridges  and  furrows,  but  also  in  dif- 
ferent parts  of  the  same  furrow.    The 


heights  given  in  the  data  are  the  average 
of  idl  across  the  sheet  in  the  middle,  as 
shown  in  the  sketches  of  the  section.  He 
outer  corrugations,  unless  the  plate  was 
expressly  cut,  were  not  of  the  full  depth; 
and  their  heights  were  rejeoted  as  an  ele- 
ment of  strength.  The  thicknesses  varied 
in  different  sheets  of  the  same  gauge,  and 
also  slightly  in  different  parts  of  the  same 
sheet.  They  were  measured  from  a  pieoe 
cut  out  of  the  sheet,  and  carefnllv  filed 
true;  in  a  few  cases,  however,  did  they 
correspond  with  the  tabular  value  of  tlie 
thickness  of  the  supposed  gauge  of  the 
sheets.  The  placing  and  removal  of  the 
loading  was  effected  through  the  medium 
of  a  lever  and  screw-jack,  which  arrange- 
ment obviated  any  chance  of  a  jar  of  the 
material  from  jerks  or  vibrations  of  the 
load.  Every  care  was  taken  to  avoid  in- 
accuracy, either  of  observation  or  of 
result. 


it 

taerlpUoa  of  Sheet 

Weight 
Pouada. 

Deflection 

In 

Inches. 

Dimeoeioiii  of  Sheet  sad  BeoMiksi 

1 

GftUffeKa  22  (proUbly) 

164 
220 
234 

248 
262 
276 
290 
304 
430 

•60 
.82 
.88 

.92 
1.00 
1.08 
1.14 
1.22 
broke. 

t  =  .029  inches. 

Size  of  sheet  S'  V  2^— S"' 

1  =  60  inches. 

b  =  27  inches  .\fa  a:465e7  Ibaon 

hsr:  67  inches.                         sq.  in. 

Weight  of  sheet,  28  pounds 

Da  per  square  foot^  =  1.56  pounds 

Yielded  slowly  on  addmg  Ust  weight 
by  tearing;  off  lower  eormflstions 
on  each  side  of  slot  in  middla. 

rv%/VTu*w^C^ 


Gauge  Ka  20 

Size  of  sheet,  6'  X  a'-7r 

Weight  of  sheet,  29  pounds 

Do.  per  square  foot8sl.83  pounds 


90 

•  18 

146 

.28 

202 

.40 

258 

.52 

314 

.64 

870 

•78 

426 

.96 

ultimate 

640 

6.8 

641 

broke. 

t  =  .035  inches. 
1  =s  60  inches. 

b  =  31.75  inches .  *.  fa  * 

h  =s  .71  inches. 


/%l^\l^^^^^/^^e^w^'w^^^o/^^^^€t^ 
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«8 

P— lyaunrfsfcwi. 

Weight 
Pcmadg. 

Dcfl?cti09 

fn 
IncHec 

Dimwiloos  of  Slieet  and  Remartn. 

Si 

Ufld^lared  cod  of  aboftt  theet  rabroken  . 

1448 

broke 

1  =  30  incheiL 

h  =  .72  inches .  •. /a  —  6090a 

a 

OttOffe  Nol  17 .,..,..* 

.46 
102 

168 

214 

382 

1161 

.08 
.12 

.20 

.31 

.40 

broke 

t  ~-~'   06  incliAa. 

Saeofiheel.e'X^-H'' 

1  =  60  inches. 

b  -  27.6  inches .% /o  =  41668. 

h  » .95  inches 

Two  separate  sheets  with  weight 
hong  between  the  righUhand  sheet 

We^tofihaei,  SSpoonda. 

Uniigared  end  of  abore  sheet  rebroken 


1018 


broke. 


1  =  80  h  « .86.b  =  a6 .  •. /o=41l6l 


Nal7. 


8ise  of  sheet,  S'X^'-H" 

Weight  of  sheet,  38}  pounds 

Da  per  aqnaro  foot  s27.7  pounds . 


160 
272 

884 

496 

720 

1224 


.12 
.22 

.34 

.46 

.72 

broke 


t  as  .06  inchesL 
1=60  inches. 

b  =  27. 76 inches.*. ya  a  43828. 

h  =  .96  inches. 

Yielding  slowly  with  puckering  of 
the  top  corrugation,  and  spread- 
ing at  sides. 


^\j'\/\j\/Kj^ 


Gauge  Na  13  or  12. . 


Size  of  sheet,  6'X2'-9^. 

Weight  of  sheet 

Da  per  square  foot 


260 

.28 

596 

.46 

1044 

.68 

1794 

a 

1895 

e 

2114 

d 

2160 

broke 

t  =  .096  inehesL 

1  ss  60  inches. 

b  =  33  inches. 

h  =  .9  inches. 

a  here  received  a  shock  from  slip- 
ping of  lifting  tackle. 

c  do.  do.  do. 

d  plate  began  to  sink  visibly,  giving 
most  at  side  whero  h  was  IsMt 


u'\j'\^/'\/\i/^'CM^ 


Guage  No  12. 


Six*  of  sheet,  O'-OJ^XO-iai". . 

Weight  of  sheet,  24.6  pounds 

Da  per  aquaro  foot,  4.84  pounds  . 


161 
263 

375 

487 

699 

1050 


.12 
.20 

.30 

.38 
.46 


t  =  .l 
l=48inchesL 

has  10.1  inches. 

h  «s  .94  inehes. 


''fo*s  497701 


/\f\ 
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8^ 

DMcrlptionofEbeel. 

W«ight 
Pounds. 

Deflection 

in 
Inches. 

DiBMoaloiis  or  Sbaei  sDd  BaoMrti. 

6a 

Uninjared  end  of  aboTe  sheet  rebroken.. 

1768 

.... 

1  =s 30 inches ,\  fa^ 52376.4 

66 

Da               da               do. 

2210 

•  •  •  • 

1 3=  24  inches  fa  =  52374& 

7 

Gauge  No.  12. 

152 
264 

.10 
.18 

t=r.l 

1  =  48  inchesL 

Size  of  sheet,  e'-0i"X0'-99-' 

376 

.26 

b  =99.  inches .% /a  =  461244. 

Weight  of  sheet,  23.5  pounds  • 

488 
600 
768 
964 

.30 

.44 

.60 

broke 

h  =  .95  inches. 

Da  per  square  foot,  4.73  pounds 

%          i 

4s''-r- 

w 

iW 

8 

Gance  Na  13  or  12. 

90 
146 

.44 
.72 

t  —  .095  inches. 

1  =  60  inches. 

Size  of  sheet,  6'Xl' 

202 

1.0 

b  =  12  inches . -./a  «  43099. 
h  =s  .49  inches. 

Weight  of  sheet,  27  pounds 

258 
314 

428 

1.36 
1.8 
broke 

Do.  per  square  foot,  4.50  pounds 

/v^p^ 


Gauge  No.  13  or  12 

Size  of  sheet,  6'Xl' 

Weight  of  sheet,  28  pounds 

Do.  per  square  foot,  4.66  pounds 


90 

.34 

146 

.58 

202 

.80 

258 

1.04 

314 

1.26 

426 

2.10 

. .  • 

ultimate 

V480 

2.78 

483 

broke 

t  =  .095  inches. 
1  =  60  inches. 

b  =  12  inches .  *.  /a  r=  41959.4 

h  =  56  inches. 

These  two  sheets  8  and  9  are  rolled 
to  sharper  cuires  at  the  corruga- 
tions than  others,  ard  approach 
the  zigzaff  form.  They  are  alHo 
cot  from  the  samiB  whole  sheet  cut 
in  hidf,  and  show  a  curious  dis- 
crepancy in  the  height  of  corruga- 
tions. 


-"v^yv* 


10 


Gauge  No.  12  or  11 

Size  of  sheet,  6'X2'-9^ 

Weight  of  sheet,  103  pounds.  • . . 
Do.  per  square  foot,  6.24  pounds 


212 

.12 

436 

.20 

660 

.26 

884 

.32 

1108 

.36 

1332 

.44 

1780 

.56 

4000 

broke 

t=s.l2inche8L 
1  ss  60  inches. 

b  =  33 inches .\  fa  ^ 589401 

h  » .964  inches. 


KJ'^J%J^f^\af\J^ 
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DaKTipilOD  of  Sheets 


Weight 

DcflecUoD 

•      In 

ia 

Fbuuds. 

Inehea. 

90 

.06 

ao2 

.10 

426 

.20 

650 

.30 

762 

.34 

900 

.40 

1251 

.58a 

2750 

.18 

3072 

broke 6 

I>a0crlptloD  of  Sbm%  and  Bamarki. 


11 


Gauge  No.  12  or  11 

SuBeofaheet.  CX^-^ 

Weight  of  Bheet»  88  poonds 

Da  per  square  foot,  5.34  poonds.,, 


t  s  .llSinchoB. 
1  =  60  inches. 

b  =  33  inches. %ya  =  46373. 

h  =  .964  inches. 


a,  Load  remoTed,  plate  returned  to 
the  hoiizontaL 

h.  Ultimate  deflection  obsorred  at 
3000  wati  4'  6^. 


'%>/%/v!v\..y%/^ 


12 


Gange  Na  9 

Size  of  sheet  6'Xl'-3*' 

Weight  of  sheet,  49  ponnds 

Dol  per  square  foot,  6.53  pounds  . 


t  =  .15  inches. 
1  =  60  inches. 


b  =  15  inches  .'.ya  =  47760. 
h  =  .97  inches. 


13 


Gangs  No.  2. 


Sizeof  shect,6'Xl'-3'' 

Weight  of  sheet,  47}  ponnds 

Do.  per  square  foot,  6.36  pounds  . 


202 
426a 

650 

874 
1008 
1322& 


1660 
1662 


.20 
.36 

.52 

.64 

.80 

1.02 

nit  def. 

2.84 

broke. 


t  = .  15  inches. 
1  =  60  inches. 

b  =r  15  inches  .-./a  =  43281. 

h  =s  .96  inches. 

a,  Outer  odge  began  to  cripple. 
6,  Load  removed  and  sheet  returned 
to  deflection  of  .94  only. 


Mean  Talne  of /ass 46682  from  all  experiments,  or  =s  46916,  omitting  No.  10. 


It  appears  from  these  experiments  that 

the  highest  and  lowest  values  of  J  a  are 

respectively  58,040  and  41,101;  the  former 
of  these  extreme  values  I  would  reject  as 
open  to  suspicion,  because  of  the  great 
•liscrepancy  between  the  breaking  load  of 
it,   and  its  sister  sheet  (No.  11).     The 

mean  value  off  a  from  the  remaining  ex- 
periments would  be,  as  nearly  as  might 
bo,  4(3,000,  and  this  may,  I  think,  be 
adopted  as  its  true  value.  Experiments 
2,  2a,  and  6,  6a,  show  that  the  strength 
varies  inversely  as  the  length,  although  a 
slight  of  increase  of  strength  appears  in 
the  shorter  sheets,  which  may  be  accounted 
for  by  the  deflection  being  less.  The 
breadth  does  not  appear  to  influence  the 


constant,  so  that  we  may  assume  the 
strength  to  vary  as  this  dimension.  The 
depth  also  of  corrugation  docs  not  appear 
to  influence  the  result  other  than  directly ; 
that  is,  however,  a  point  that  could  only 
be  examined  by  having  similar  sheets 
rolled  of  varying  depths  of  corrugations. 
However,  Experiments  5,  8,  and  9,  afford 
a  comparison  as  far  as  it  goes.  Experi- 
ments G,  7,  12,  and  13,  show  that  in  nar- 
row sheets  the  position  of  the  side  edge, 
whether  in  tension  or  compression,  makes 
a  difference.  This  would  appear  to  be  a 
necessary  consequence  of  the  laws  of 
strength  of  materials,  and  it  was  observ- 
able that  when  the  side  edges  of  the  plates 
were  up,  as  in  Experiment  7,  the  edges 
cripped  early  in  the  experiment;  while 
when  they  were  down,  as  in  Experiment 
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6,  tbey  did  not  fail  till  lat^r.  All  plates 
^Bt  Bhowed  symptouiB  of  failure  at  the 
side  edges.  None  of  the  platea  gave  way 
middenly,  but  each  sank  slowly  when  the 
breaking  weight  had  been  reached.  As  a 
rule,  they  appeared  to  fail  by  the  spread- 
ing of  the  corrugations  at  the  middle,  and 
did  not  crush  at  the  tops  of  the  ridges; 
on  the  contrary,  when  the  sheet  was 
allowed  to  sink  till  rnpturo  of  the  material 
took  place,  fracture  occurred  by  tearing 
of  the  furrow  commencing  from  each  side 
of  the  central  slot,  and  proceeding  towards 
the  sides  of  the  sheet  at  right  angles  to 
its  length. 

It  is  probable  that  had  the  sheet  been 
prevented  from  spreading  by  strips  rivet- 
ed across  it,  as  recommended  by  Profes- 
sor Rankine,  the  constant  would  have  in- 
creased in  value.  In  bridges  the  adjoin- 
ing sheets  would  act  so  as  to  oppose  the 
spreading,  and  this  may  be  looked  upon 
as  an  element  of  strength.  The  results 
of  the  observations  of  the  deflections  seem 
to  be  uniform,  but  at  present  no  deduc- 
tions from  them  arc  made.  The  ultimate 
deflections  were  in  a  few  instaucea  ob- 
flerved  as  a  matter  of  curiosity,  but  in 
most  cases  it  was  not  possible  to  hit  off 
the  very  extreme  deflections.  I  find  that 
the  increased  value  of  tbo  conBtant  or 
modulus  of  rupture  derived  from  the  pre- 
ceding series  of  experiments  w  ill  so  con- 
siderably modify  the  conclusions  of  my 
former  communication  that  it  ia  desirable 
that  I  should  revise  some  of  my  pre\ious 
calculations,  and  I  therefore  venture  to 
go  over  some  of  the  ground  again,  con- 
necting and  enlargening  some  of  the  de- 
ductions I  have  already  made. 

REMAIlltS    BY   PBOP.    W,  J,  MACQTTOR^f    RANXTJTE, 

1.  Reference  to  Mb,  Hart's  Kesearches, 
— A  valuable  series  of  experiments  by 
Mr*  Hart,  on  the  transverse  strength  and 
stiffness  of  corrugated  iron,  have  been 
pubhshetl  in  the  *'  Bombay  Builder  '*  for 
August,  1868,  and  reprinted  in  "The 
Engineer "  of  the  10th  October.  181)6, 
page  208,  Mr.  Hart  shows  that  the  re- 
salts  of  those  experiments  agree  very 
fairly  with  a  formula  proposed  by  me  a 
few  years  ago*  for  the  breakiiig  moment 
of  a  sheet  of  corrugated  iron,  viz  : 


(1) 


i  i«  nuiui  g|  ctTU  Eaci]ietrls«i*'  pagu  143, 


in  which  I  denotes  the  span  ;  W,  th« 
breaking  load  hung  at  the  middle  of  tlrn 
span  ;  6,  the  breadth  of  the  sheet,  and  U 
its  thickness  ;  h  the  depth  of  the  cormgft- 
tions  from  ridge  to  furrow ;  and  /  the 
coefficient  or  modulus  of  rupture.  \iUut?8 
of  that  coefficient  are  c^alculuted  by  Mr, 
Hart  from  his  experiments  bj  meiuis  of 
the  following  formula  : 


/~1(5  hbi* 


(2) 


and  they  are  found  to  range  from  41,100 
pounds  to  58,940  pound  on  the  square 
inch  J  the  mean  value  being  about  46,000 
pounds  on  the  square  inch.  There  can  be 
no  doubt  then  that  the  formula  of  Equa- 
tion 1  may  be  safely  used  in  practice  to 
calculate  the  probable  breaking  load  of 
sheets  of  corrugated  iron  of  given  dimen* 
sions  ;  and  that,  in  the  absence  of  special 
expenments  on  the  strength  of  the  par- 
ticular material  that  is  used,  the  snudlest 
of  the  values  deduced  from  Mr,  HArt*9 
experiments,  viz.,  41,100  pounds  on  the 
square  inch,  may  be  taken  as  the  modulus 
of  rupture  in  the  calculation, 

2.  Objects  of  xms  Co^iMiJKiCA'noK. — The 
objects  of  the  present  communicatioii  are 
to  explain  the  theoretical  reasoning  on 
which  the  formula  of  Equation  1  is  found- 
ed, and  the  extent  to  wliich  it  is  approx- 
imative ;  to  determine,  by  the  aid  of  Mr. 
Hart's  experiments  on  breaking  loads, 
values  of  the  modulus  of  rupture  accord- 
ing to  a  rule  which  gives  a  closer  approx- 
imation ;  and  to  deduce,  from  his  experi- 
ments on  detlocUon,  values  of  the  modu- 
lus of  elasticity  of  corrugated  iron. 


3.  AsstJiTPTiON  OP  A  CvcLOinAL  Crosr 
TION, — The  first  step  towards  finding 
midm  for  the  transverse  sti&esa  and 
strength  of  a  given  piece  of  materiaU  is  to 
determine  the  geometrical  moment  of 
inertia  of  tho  transverse  section  relatively 
to  a  hohs^ontal  axis  passing  through  ibi 
centre.  In  a  sheet  of  corrugated  iron» 
the  transverse  section  is  a  narrow  band 
of  uniform  width  equal  to  the  thicknesa 
of  the  sheet,  and  of  a  wavy  Jigui^e,  com- 
posed of  a  series  of  curved  area,  alter- 
nately above  and  below  the  horizontal 
axis  of  the  section.  These  curved  area 
usually  approximate  nearly  in  shape  to 
arcs  of  circles  ;  and  no  mat^-ial  firror  in 
practice  is  occasioned  by  assuming   for 


d^ 
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tbeir  figure  any  corre  which  does  not 
gresUy  differ  from  a  oircalar  ara  A 
eycloidal  arc  is  such  a  cnrye  ;  and  it  has 
geometrical  properties  which  cause  the 
calmlation  of  its  moment  of  inertia  to 
be  a  Teiy  simple  process ;  therefore  the 
figure  of  cross  section  of  each  of  the  ridges 
and  farrows  of  the  sheet  of  iron  will 
be  assomed  to  be  a  cydoidal  arc,  such  as 
£  A  F  in  the  figure  ;  where  CAD  repre- 
sents a  complete  cycloid,  traced  by  a 
point  in  the  circle  A  B,  which  rolls  on  the 


«..~...........A  0 


■traigfai  base  line  CD;  and  the  chord 
£  F,  parallel  to  C  D,  is  drawn  in  such  a 
position  as  to  cut  off  on  arc  £  A  F,  in 
which  the  depth  A  K  bears  to  the  breadth 
£  F  the  same  proportion  as  in  the  corru- 
gations of  the  u'on.  That  is  to  say,  let  a 
be  the  width  of  one  corrugation,  measured 
from  ridge  to  ridge,  and  h  (as  before)  the 
depth  from  ridge  to  furrow;  then  the 
chord  and  the  depth  of  the  cycloidal  arc 
are  respectively, 

EF  =  ^  andAK=_. 
2  21 

4-  Geometrical  Moment  of  Inertia. — 
One  of  the  geometricjdproperties  of  the 
cycloid  is  as  follows:  The  perpendicidar 
distance  H  G,  of  any  point  H  in  the  arc, 
from  a  chord  E  F  parallel  to  the  base  line, 
▼arics  proportionally  to  the  product  H  E 
X  H  F  of  the  two  parts  into  which  the 
arc  £  A  F  subtended  by  the  chord  is 
divided  by  the  point  H.  To  express  this 
in  algebraical  symbols,  let  the  arc  A  E  = 
A  F  =  c ;  the  arc  A  H  =  8,  the  greatest 

ordinate  A  K  ==4-(as  before) ;  and  the  or- 
dinate H  Q  =  y;  then  we  have 


r=ir 


h     (c-fjiWc-ji} 


■4!'-:-;} 


Let  d  9  denote  an  indefinitely  short  or 
elementary  arc,  situated  close  to  the  point 
k.  Then  the  geometrical  moment  of  in- 
ertia oi  d  8  relatively  to  the  axis  E  F  is 
y*  d  9;  and  that  of  the  arc  A  E  is  ex- 
prfsnd  by  the  following  int^^al: 


which,  being  divided  by  the  length  c  of 
that  arc,  gives,  for  the  square  of  ite  raditta 
of  gyration, 

16  ' 

To  find  the  geometrical  moment  of  inertia 
of  the  cross  section  of  a  sheet  of  corru- 
gated iron,  the  area  of  that  section  is  to  be 
multiplied  by  the  preceding  expression 
for  the  square  of  the  radius  of  gyration: 
that  is  to  say,  let  A  be  that  area,  and  I  the 
moment  of  inertia;  then 


1  = 


2MA 


(3) 


5.  Formula  for  Strength  Ain>  Stiff- 
ness.— ^The  following  are  the  well-known 
general  formulce  for  the  modulus  of  rup- 
ture /,  and  modulus  of  elasticity  or  stiff- 
ness E,  of  a  beam  of  uniform  cross  section 
loaded  in  the  middle: 


"21  -r'^" 


W^I» 


48n 


in  which  W  is  the  breaking  load;  W  any 
load  not  exceeding  the  limits  within  whica 
the  deflection  increases  in  the  simple  ratio 
of  the  load;  and  v  the  deflection  with  the 
load  W.  "When  the  value  of  I  given  by 
Equation  3  is  substituted  in  these  formuke, 
they  become  respectively  as  follows: 


/- 


15  WI 


Er= 


IQhiL 
6W/Z* 


32A*Av* 


(5) 


6.  Determination  of  Sectional  Area — 
Use  of  a  Virtual  TmoKNESS. — A  rough 
approximation  to  the  sectional  area  of  a 
sheet  of  corrugated  iron  may  be  obtain- 
ed by  simply  multiplying  together  the 
breadth  and  thickness;  Uiat  is,  making 

A  =  6< (6) 

This  is  the  approximation  used  in 
Equations  1  and  2.  It  always  gives  too 
smaU  a  value  of  the  area;  and  hence,  in 
using  it  to  calculate  the  probable  break- 
ing load  of  a  sheet  of  corrugated  iron 
with  a  coefficient  taken  from  experiments 
on  iron  in  other  forms,  the  erroi-s  to 
which  it  leads  are  always  on  the  safe  side: 
and  this  was  the  reason  which  induced 
me  to  adopt  it  in  the  book  already  re* 
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ferred  to.  It  is  obvious,  on  the  other 
hand,  tliat  in  calculating  the  modulus 
of  rupture  from  experiment  by  niean« 
of  the  SHme  appruximation,  the  value 
cibtaincd  in  greater  than  the  actual 
HtresB  on  the  material  just  in  the  same 
proportion  in  which  the  exact  sectional 
area  is  greater  than  the  approximate  sec- 
tional area. 

The  length  of  the  cycloidal  arc  E  A=c 
in  the  figure  i»  given  with  an  error  in  de- 
fect which  in  no  case  exceeds  ^^  part, 
the  approximate  formula: 


-tO^i*;) 


neitf  Jy ; 


from  which  it  appears,  that  a  second 
jvpproximation  to  the  eectional  area  of 
the  slieei  m  given  by  the  following  for- 
mula: 


-(■+;^) 


i 


6e  .   ,   .   .  (7) 

Conmderingt  however,  how  much  more 
precisely  the  operation  of  weighing  can 
be  performed  on  a  thin  Blje<^t  of  metal 
than  that  of  measuring  its  thickness,  it  is 
«*bviou8  that  by  far  the  most  accurate  way 
of  determining  the  sectional  area  of  the 
tilieet  m  to  calculate  it  from  the  weight  of 
a  given  horizontal  area;  and  such,  accord- 
ingly,  ia  the  method  employed  in  a  new 
reduction  of  the  resulta  of  Mr.  Hart*s  ex- 
periments Mr.  Hart  gives,  in  each  case, 
the  weight  in  pounds  i>er  square  foot  of 
the  sheet  of  corrugated  iron  experimented 
upon.  That  weight,  in  the  following  cal- 
(snltttions,  is  divided  by  40  (being  tho 
weight  in  pounds  of  a  plate  of  iron  a  foot  I 
i»quare  and  an  inch  thick),  to  give  what 
may  be  called  the  vtrlual  thickness  of  the 
oormgiited  iron;  that  is,  the  thickness  of 
A  fht  fihf^et  of  iron  of  the  heavinesa  of 
i8i'  "^  to  the  cubic  foot,  and  of  the 

«i!  ontal  area  and  weight  with  the 

oomi^^iited  eheet.      The  product  of  the 
breadth  and  virtual   thickness  gives  the  ' 
sectional  area:  that  is, 

A  =  fee'   ....   ,     (8) 

in  which  t'  denotes  the  virtual  thickness,  , 
It  may  b©  remarked  that  the  value  of 
A,  AS  given  by  Equation  8,  is  foujad  in 
rncmU  though  not  in  all,  of  Mr.  Hart's  ex- 
|)<»riinent8  to  be  somewhat  frrcater  than 
that  pivcn  by  Equation  7.  It  is  probable 
tliat  this  may  bo  caused  by  the  iron  being 
Gompreaaed  m  the  process  of  rolling  to  a  i 


greater  density  than  480  pounds  to  tba 
cubic  foot.  It  is  clear,  nevertheleaa^  Uuil 
Equation  8  is  the  preferable  formula;  lor 
in  calculating  the  modulus  of  rupture 
and  the  modulus  of  sd^iiiefis,  it  elimioatai 
the  afifect  of  such  compreafiton  of  tba 
iron. 

7.  MisTHOD  OF  Calctlattno  the  Monr- 
LtTB  OF  RupTtmE. — ^In  calculating  corrected 
values   of  the  modulus  of  rupture,  the 
method   followed  has  been   to  mult 
each  of  the  values  given  by  Mr,  Hai  i    i  v 

the  ratio    I  -p  j  in  which   the  measured 

thickness  used  in  his  calculations,  is  lem 
than  tho  virtual  thickness  used  in  mine. 
T\\e  restilts  are  given  in  the  anni^xed 
table  (A).     They  aie  computed  to  three 

E laces  of     figures     only,   as    it     would 
e  useless  to  attempt  greater  ]  ;  i- 

The  difference  between  the  extrt  i  a 

is  less,  as  comparetl  with  the  mtan  vuiufe% 
than  in  the  case  of  the  values  deduced 
by  Equation  2  from  the  mcasui 
nesses,     as      the     following      b.  :i 

shows  ; 

Values  in  pounds  on  the  square  inch 
deduced  from 

Greatest  (No.  10)  58.940,  ...(Na.  10)  45.300 
Least  (No.  3a)  ....4lJ01....(Na  9i..a4,t200 

Difference ..17.83^ .11,100 

Mean .46,682 d9t,lOII 

8,  Method.  OF  CAT^nrLAtrsfo  tois  Mot 
Lra  OF  Stiffxtss. — The  Talues  of  the  ^ 
dulusof  stiffness  are  calculated  V^v  ttu-* 
of  Equations  5  and  8.  from  dat  ^ 
from  those  parts  of  IMr.  Hart*8  i^-  .x^i 
erperimenta  in  which  the  deflection 
creased  in  the  simple  ratio  of  the  load,  < 
nearly  so.     The  results  are  ^ven   in  the 
annexed  table  (B).      They  are  compute 
to  four  places  of  fi^yurcs   only.     The  di 
ference  between  the  pfreateftt   and   lea 
valnea  is,  aa  com  pared   with   the   mea 
yalne,  a  little  less  than  the  correspont 
difference  for  the  modulus  of  rupti3 
the  following  statement  shows  : 

Ftnradt  (A  !«•  i 

Qreat«$t  Talne  (Na  2).. 23«99d«000 

Least  T»lae  (Na  U) l7.7eD.0OO 

Diflerene*., ,  5.530,000 

lf«Aa  Tsloe... «*.««.*««. ,%420lQ0O 
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IWe  {A)  a  Values  of  the  Moduhia  qf  Rupture  of 
Oonugaiei  Iron,  as  Deduced  from  Mr.  HarCs  £e- 
pmrnuds,  with  Vhriual  TfdckMsses,  Oaleidatsd 
from  iks  Wtigktsper  Square  FboU 


Mi 

1 
1^ 

li 

14 

i  : 

1  s 

1 

£ 

ru 

Po«zkLi«i 

Fwndn  OB 

ll^^^ 

tedi. 

iDdL 

1 

4fi,567 

.02^ 

.039 

34,600 

s 

45,628 

.035 

.046 

34,700 

Sa 

£0,9U0 

.035 

.046 

31^,700 

% 

41,663 

*oeo 

.069 

36.250 

U 

4ljai 

.oea 

.oa& 

35,800 

A 

43,528 

.060 

.069 

zi,dm 

e 

0,770 

.1(10 

.121 

41,100 

fia 

52,376 

.100 

:mi 

4^,mQ 

8b 

5-4375 

.100 

.121 

43,300 

T 

4a  124 

,100 

.iia 

39,100 

8 

43,(m 

,095 

,    .113 

36.400 

9 

4I,9S9 

,095 

.116 

34/2(J0 

10 

o^,^0 

,100 

,130 

46.300 

11 

4a37:J 

.115 

.133 

40.000 

11 

47,70a 

.150 

.163 

43,900 

13 

4a2gi 

.150 

.150 

40,e00 

Mean  from  16  experiments  in 
pounds  on  the  square  inch  39,100 

Mean  in  kilogrammes  as  the 
square  metre  27,500,000 

Mean  in  lineal  feet  of  iron, 
weighing  480  pounds  to  the 
cubic  foot 11,730 

Mean  in  lineal  metres  of  iron, 
weighing  7,690  kilogrammes 
to  Uie  cubic  metre 3,575 

TaUe  (B)  qf  (he  Vahtea  of  Modulus  of  Stiffness  of 
Corrugaitd  Iron  as  Deduced  from  Mr.  ifarCs  Ex- 
perinumts,  Kith  Virtual  Thicknesses  Calculated 
from  the  Weights  per  Square  Foot 


jCntaS^ 

cf  ex- 

UmA 

I)efl»riioa 

parjMoL 

poaad. 

inch. 

262 

1.00 

314 

0.64 

384 

0.34 

609 

0.46 

GOO 

0.46 

258 

1.36 

V 

314 

1.26 

10 

1.332 

0.44 

11 

1.251 

0.58 

12 

1.334 

1.02 

13 

1.008 

0.80 

Modalns  of  stiffaeai 

in  pounds 
on  the  Bquftre  inch. 


18,710.000 
23,290.000 
20.830.000 
20.830.000 
22.280,000 
19,760,000 
19,170,000 
21,350,000 
17,700,000 
19,540,000 
21,080,000 


Mean  from  11  experiments 
in  pounds  on  ttte  square 
inc 


Mean  in  kilogrammes  on 

the  square  metre 14,360,000,000 

Mean  in  lineal  feet  of  iron 
weighing  480  pounds  to 
the  cubic  foot 6,126,000 

Mean  in  lineal  metres  of 
iron,  weighing  7,690  kilo- 
grammes to  the  cubic 
metre  1,867,000 

9.  Rules. — ^The  following  are  the  rules 
for  practicEil  purposes  to  which  the  re- 
sults deduced  from  Mr.  Hart's  experi- 
ments in  this  communication  lead: 

L  Let  b  be  the  breadth  of  a  sheet  of 
corrugated  iron,  h  the  depth  of  the  corru- 
gations from  ridge  to  furrow,  and  w  the 
weight  of  an  unit  of  the  area  of  the  sheet, 
as  projected  on  a  plane:  to  find  the  least 
probable  breaking  moment,  M. 

Calculate  a  virtual  thickness,  t',hj  the 
formula  t^=^w-r'k;  where  A;  has  the  follow- 
ing values: 

For  w  in  pounds  to  the  square  foot,  and 
t'  in  fractions  of  an  inch;  ifc  =  40. 

For  w  in  kilogrammes  to  the  square 
metre,  and  t'  in  fractions  of  a  metre; 
it  =  7,690. 

Then 

w 


U  =  :^fhbif. 


20,420,000 


Least  value  of/; 

For  forces  in  pounds,  dimen- 
sions in  inches,  and  mo- 
ments in  inch-pounds.        .         34,200 

For  forces  in  kilogrammes  and 

dimensions  in  metres.         .  24,000,000 
IL  Given,  the  intended  least  breaking 

moment  M,  the  breadth  6,  and  the  depth 

of  corrugation  /i,  of  a  sheet  of  corrugated 

iron;  to  find  the  proper  weight  t^  of  an 

unit  of  area; 

,,,      15  kM  ^^. 

^  =  *^'  =  47A6-    •     •    •     (10) 

Values  of  the  factor 

15  fc. 

17' 

For  V)  in  pounds  to  the  square  foot,  load 
in  pounds,  and  dimensions  in  inches; 

2^3  =  .00358; 

For  forces  in  kilogrammes  and  dimen- 
sions in  metres; 


US 
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UX  To  find  iheprohaNe  deflection  (Vj), 
under  ha^f  the  breaking  load,  of  a  given 
■heei  of  corrugated    iron;  I    being    the 

BpiLCL 

»^'       /        I» 

In  which 


f_ 
2E' 


.00090. 


1  f/^ 


hfis  tJie  following  values: 
Sheet  loaded  in  middle  of  span  A  ; 

Sheet  aniformly  loaded,  -g-. 

The  following  later  contribution  to  the 
**  Bombay  Builder"  apparently  conclndes 
Mr.  Hart*8  valuable  paper  on  this  subject: 

Buckled  plates— the  invention  and  pat- 
ent of  R  Mallet,  Esq.,  M.  L  C.  K— are 
also  an  admirable  substitute  for  wooden 
planking  in  the  platforms  of  bridges,  and 
nave  been  extensively  used  in  both  Eng- 
liind  and  Indixi,  the  moat  notable  instances 
being  the  Westminster  and  Soan  bridges. 
They  are  square  or  rectangular  plates 
domed  in  the  centre,  with  a  flat  margin 
or  "  fillet*'  all  round. 

The  versed  sine  or  central  rise  is  small, 
being  about  one  twenty-fourth  the  greatest 
length  of  side.  The  iillet  is  from  2  inches  to 
6  inches  wide,  according  to  size  of  i>late,  etc. 
The  material  may  be  either  iron  or  steel, 
and  is  protected  from  corrosion  by  a  coat- 
ing of  some  preservative  composition,  that 
recommended  by  the  inventor  being  wcU- 
boiled  coal-tar  mixed  with  powdered 
caustic  hme.  In  this  the  iron  heated  to 
black  red  (700^  Fab.)  is  to  be  quenched. 
Steel  plates  will  bo  half  the  weight  of  iron 
onea  Buckled  plates  possess  certain  ad- 
▼antagea  over  corrugated  sheets;  for  in- 
9ta]ice,  they  produce  greater  lateral  stiff- 
ness in  the  platforms,  and  are  said  to  bo 
less  perishable,  owing  to  the  fibre  of  the 
iron  Deing  less  injured  by  the  process  of 
manufacture.  They  are  lighter,  and,  of 
fx>arse,  ought  to  be  cheaper,  because  less 
material  is  used  in  an  equal  horizontal 
area  of  plate,  the  loss  of  plane  surface  in 
buckled  plates  being  about  one-aeventieth 
of  the  original  plate,  while  in  corrugated 
sheets  the  loss  is  between  one-fifth  and 
one-fourth.  On  the  other  hand,  to  ob- 
tain  full  advantage  of  the  strength  of 
buckled  plates,  they  must  be  supported 
all  round.    This  le&ds  to  considerable  ex- 


pense in  the  arrangement  of  the  girderr 
and  joists,  and,  except  in  iron  structurea^ 
the  requisite  conditions  cannot  be  readily 
obtained.  3Ir.  Mallet  states  that  the  re* 
sis  tan  ce  of  square  buckled  plates  is  direct- 
ly as  the  thickness,  and  inversely  as  the 
clear  bearing.  That  the  resistance  of  a 
rectangular  plate  is  nearly  the  same  as 
that  of  a  square  plate  whose  side  is  equal 
the  longer  dimension  of  the  oblong  one, 
and  that  the  longer  edge  should  not  be 
more  than  double  the  shorter.  Also,  that 
a  plate  fastened  firmly  on  all  its  sides  has 
double  the  strength  of  a  plate  merely 
supported  all  round  j  and  if  two  opposite 
sides  are  wholly  unsupported,  its  resist- 
ance is  reduced  as  8  to  5.  In  Ilankine*s 
**  Civil  Engineering,"  Section  TV.,  Article 
375,  Division  IH.,  is  the  following  formula 
for  the  resistance  of  a  buckled  juate.* 


H  =  A/.U* 


.(20) 


which  is  nearly  the  same  as  that  given 
for  corrugated  iron.  In  this  formula 
/.  =  21,G00,  I  is  the  length  of  that  section 
of  plate  at  which  the  greatest  bending 
moment  is  exerted;  /,  the  thickness  of  the 
iron;  h^  the  depth  of  cunratare  at  the 
centre.  If  we  suppose  the  plate  to  be 
supported  at  the  ends  only,  the  bending 


moment  of  the  distributed  loads 


8 


<= 


200LB        LB 


m)HOh      230.44 


If  the  factor  of  safety  be  4,  we  hava 
,       LB 


and  if 
then 


1^  '^^• 


i 
I 


hence  the  equation  for  the  dimensions  ol 

the  plate  is 

.•.W^46080fc(  ,    .    •    .     (21) 

and  if,  as  before,  we  take  W8s=^  200.  and 
since,  as  explained  at  equation  1^  W  ss 
W  «  L  B,  therefore 


(M) 


(83) 


«=. 


;,03i73B 


*  It  iff,  f  th)Dk,  dembtrtil  wbctbftr  tb^  rortanUi  will  spptr 
eqn&ilf  w<<ll  fnr  pUiea  lapportvil  Mid  flz«4  :  hnl  I  hiiw«^ 
fttimod  tt]«i  I'lch  li  the  ca9o,MitAf  mf  Mtoaiptloft  «a  ite 
Ueatmvnt  of  th'*  uAJofCKa  «U#  «r  t)wmi  ix»i  ftl  h<Mk  i«i| 

bji- 


^^ 


( 
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Far  the  square  plates  B  =  L,  and  the  cor- 
reqponding  thicknesses  of  plates  are  as 
ioliows: — 

I  =  jom,  J087,  .lOA,  .m,  .u»,  .im,  .174,  .101,  .SOS; 

j-M,    14,     U^     U,      9,      8,      T,      •,      i. 

The  cost  of  bnckled  plates,  compared 
irith  cormgated  sheets^  may  be  obtained 
thns: 

Let  the  gauge  be  assumed  to  be  12  deg. 
to  14  deg.;  therefore,  the  weights  per  100 
■qoare  feet  will  be  for  14  gauges 


100ss31&8p<nind8  =s.l4toiui; 


12  gangers 

(4.38 -f  ^)  100 rs 444.3  pounds » .2  tont. 
The  cost  per  ton  is  £1B  in  England, 


plus  £7  for  freight  and  carriage  to  100 
miles  from  the  coast,  equal,  say,  Bs.  200; 
therefore,  the  cost  of  buckled  plates  would 
be  from  Bs.  28  to  Bs.  40  per  100  square 
feet,  or  about  one-fourth  less  than  that  of 
corrugated  iron. 

The  relative  cost  of  the  three  sorts  of 
covering  for  platforms  of  road  bridges 
may  be  summarized  as  follows:— Timber 
planks,  Bs.  50  to  Bs.  80  per  100  square 
feet;  corrugated  iron  sheets,  Bs.  40  to 
Bs.  50  per  100  square  feet ;  iron  buckled 
plates,  Bs.  30  to  Ba  40  per  100  square 
feet,  to  each  of  which  rates  must  be  added 
the  expense  of  fixing  the  material,  such 
as  spikes  and  carpenters'  labor  for  the 
plai^ng;  rivets,  bolts,  and  screws,  with 
smiths'  labor,  for  the  iron. 

The  following  table  and  information  is 
extracted  from  a  circular,  by  Mr.  MaUet» 
"On  Buckled  Plates" 


TdbU  qf  Strength,  Weight,  and  OosL 


I 

h 

It 

Si 


ta.     Q.  w.  o.  i 
.048  IS 

.107  12. 

1  K«itrlyll 
Nearly  - 
Nearly  i 
XcftTly  } 


t 

t 


17.3 
23.6 
28,7 
45,0 
67.5 
90.0 
1115 

135,0 


|!| 
III 

sH 


IM. 
20.7 
2H.3 
4&4 
540 
81.0 

loas 

135.0 

1G2.0 


in 

III 


0.27 

0.43 

0.B4 

1.0 

2.5 

4.5 

9.0 


HI 
hi 
it 


tODt. 

0,20 
0.32 

0.48 

0.75 

1.7 

3.0 

4-7 

&S 


II 

3- . 


1.  d. 
2    2 

2  m 

4  7 

5  3 
7  It 

10    6 
13    2 

15    d 


^^ 

II 

«j  ■ 


123 
95 
57 
49 
33 
24 
20 

IG 


V  Applicable  to  roofing  aad  flooring. 

I  For  ligbter  chsa  of  bridge  imd 
f     other  itoDra, 

\  Fit  heavier  flooiii  of  railway  imd 
(      other  bridges  And  viaducu. 
{Not  91s  yet  been  found  necessary 
(     IB  any  atracture. 


"  The  size  of  buckled  plates  formed  of 
one  single  rolled  plate  is  only  limited  by 
the  breadth  to  which  sheet  or  plate  iron 
can  be  rolled  at  market  prices. 

"  The  sizes  that  haye  been  found  most 
adyantagcous  for  the  majority  of  purposes 
are  plates  of  3  feet  and  4  feet  square,  or 
of  those  widths  by  the  full  length  of  the 
plate. 

"  Buckled  plates  may  be  united  to  each 
other,  or  to  the  frame  of  the  structure 
they  cover,  by  either  lap  or  butt  joints, 
and  either  by  screw  bolts,  rivets,  or  wood 
■crewB  to  timber,  and  the  joints  made  ab- 
solutely water-tight,  when  required,  by 


riveting  and  chinking  up,  or  by  interposed 
strips  of  tape  or  of  felt  saturated  in  oil 
cement,  or  in  tar  or  pitch  ;  or  hj  strips 
of  vulcanized  india-rubber;  or  a  thin  layer 
of  oil-putty. 

"  Economy  is  always  consulted  by  sup- 
porting each  plate  all  round.  One  pair 
of  opposite  fillets,  resting  on  the  girders 
or  joists,  and  the  other  pair  supported 
by  an  angle  iron  above,  thus  forming  a 
lap  plate. 

"  Three-feet  square  buckled  plates  are 
made  of  all  the  thicknesses  of  the  above 
table,  and  4  feet  square  plates  of  all  the 
thicknesses  except  the  urst  two,  as  also 
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ay  intermediate  thickncsseB  at  ordinary 
fates ;  others  at  extra  rates.  All  buckled 
plates  are  charged  by  weight  The  mak- 
er's price  includes  royalty. 

"Prices  are  repfidated  by  the  'declared 
rateti'  of  the  Staffordsliiro  ii'ou  market** 


THE  MANUFACTLlKE  OF  PIG  IRON, 

BLAST  FUBNACE  rBIFROTEMENT — TEEATMKXT 
OF  ORES, 

TJTnjzATTON  OF  Waste  Gases. — Mr.  Chas. 
Cochrane*s  paper  on  this  subject,  before 
the  Mechanical  Engineers*  Association, 
states  that  with  the  increased  capacity  of 
the  present  large  blast  furnaces  in  the 
Cleveland  district^  the  waste  R^as  is  so  far 
impoverisbod,  both  in  quantity  and  qual- 
ity, that,  in  order  to  maintain  a  uniform 
supply  of  gaa  for  the  steam  boilers  and 
Iiot-blast  fitoves,  it  is  of  importance  to 
utilize  the  whole  of  the  gas  given  off  fi'ora 
the  furnace,  by  preventing  the  loss  of 
gas  hitherto  occurring  at  the  times  of 
lowering  the  closing  cono  or  bcU  for 
charging  the  materials  at  the  top  of 
the  furnace.  This  loss  amoimts  to  fuUy 
6  per  cent  of  the  total  quantity  of  gas 
evolved  from  the  furaaee;  and  the  escape 
of  the  gas  at  the  furnace  mouth  occasions 
an  interruption  in  the  supply  for  heating 
purposes,  and  a  babibty  to  explosion  on 
restoring  the  supply  at  the  boilers  and 
stoves. 

These  objections  have  been  obviated  by 
the  writer  by  a  plan  of  doubly  closing  the 
furnace  top,  the  ordinary  closing  bell  and 
hopper  being  completely  closed  in  by  the 
addition  of  outer  cover,  containing  flap 
doors,  through  which  the  charging  mate- 
rials arc  filled  into  the  hopper.  These 
doors  are  closed  at  the  time  of  lowering 
the  bell  for  dropping  the  charge  into  the 
furnace,  so  that  the  only  escape  of  gas 
that  can  take  place  is  a  quantity  equal  to 
the  capacity  of  the  hopper  at  each  time 
of  lowering  the  bell,  which  is  insignificant 
in  amount.  The  plan  has  been  in  success- 
^ll  operation  for  9  months  at  the 
Ormesby  Iron  Works,  Middlesborough. 
The  saving  of  fuel  in  the  ovens  and 
boilers  by  having  a  contintious  flow  of 
gas,  Mr.  C3chrane  estimated  as  about 
§  ions  a  week  per  furnace,  which,  in 
the  year  round,  represented  a  total  sav- 
ing of  i^l50  to  ^IGO.  Th^  cost  of  the 
i^pparatufl  was  £2W, 


Increaseu  Size  of  FunNACTS. — The 
second  portion  of  Mr.  Cochrane'a  pejier 
had  reference  to  the  increased  capacity 
of  a  furnace  lately  erected  by  him  at  the 
same  worksu  The  original  fomace  waa 
35  feet  high  and  16  feet  diameter  in  the 
boshes,  of  a  total  capacity  of  about  7.000 
cubic  feet ;  it  worked  to  a  yield  of  mthcr 
over  30  cwt.  of  coke  per  ton  of  iron  pro- 
duced. The  newly -erected  furnace  is 
70  feet  high  and  23  feet  diameter  in  the 
boshes,  and  of  a  total  capacity  of  20,624 
cubic  feet.  It  works  to  a  yield  of  about 
26  cwt.  of  coke  per  ton  of  iron  produacKl, 
thus  showing  a  saving  of  between  4  cwt, 
and  5  cwt  of  coke  per  ton  of  iron,  Tha 
Cleveland  ironstone  produces  about  40 
per  cent  of  iron.     The  author  '  rtia 

interesting     and     detailed    c^:.  iis, 

showing  that  the  theoretical  saving  to  be 
obtained  by  increasing  the  capacity  of  a 
furnace  and  thus  making  the  materials  in 
the  upper  portion  act  as  a  regenerator  to 
take  up  the  caloric  from  the  incandescent 
materials  below,  was  fully  borne  out  in 
practical  working.  Following  the  line  of 
these  calculations,  he  estimated  that  a 
furnace,  with  60,000  cubic  feet  of  capacity 
and  113  feet  high,  shoidd  reduce  the  con- 
sumption of  fuel  to  something  like  7  J  cwt 
per  ton  of  iron  produced.  The  extreme 
theoretical  Emit  of  economy,  when  the 
escaping  gas  would  be  reduced  to  th^ 
temperatiu-e  of  the  external  atmosphere, 
would  be  reached  by  increasing  the  capa- 
city of  the  furnace  *to  about  tlu-ee  times 
that  of  the  present  large  furnaces  in  the 
Cleveland  districts. 

In  the  discussion  of  tho  paper  it 
appeared  that  one  of  tho  Ferry  Hill 
Furnaces,  Durham,  was  working  with  16 
cwt  of  coke  per  ton.  This  was  partly 
due  to  the  height,  105  feet  (25  to  26  feet 
boshes),  and  partly  to  the  excellent  hot 
blast  stove  used;  the  ore  yield  67  per 
cent,  against  40  per  cent  in  the  Cleveland 
district  As  to  high  furnaces,  Professor 
Tunner  states  in  a  report  on  the  Paris 
Exposition,  that  the  residts  can  only  bo 
considered  important  locally;  such  hard 
coke  and  such  coarse  aggregates  of  iron- 
stones as  are  worked  in  the  Cleveland 
district  are  not  to  be  found  again  soon, 
nor  everywhere.  Whether  or  not  the 
American  anthracite  coal  will  sustain 
such  a  burden,  has  not  been  determined; 
many  authorities  think  it  wilL  It  is  of 
the  utmost  importance  to  the  Bessemer 
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mannfactuxe,  at  least,  that  the  experiment 
be  triedL 

Ths  Hot  Blast. — ^An  acknowledged 
TOt)gress  has  been  made,  says  Professor 
Tanner,  and  is  still  becoming  extended  in 
application,  in  the  heating  of  the  blast  to 
the  highest  possible  degree.  Even  the 
ooke-consoming  furnaces,  which  are  sup- 
plied with  a  cast-iron  blast-heating  ap- 
paratus, blow  with  air  heated  to  300^  or 
360^  C.  ;  but  the  blast-heating  apparatus 
constructed  upon  the  principle  of  Siemens' 
regenerator,  of  which  there  is  also  one 
in  use  at  Friedrich  WilhelmshQtte,  near 
Siesburg  in  Westphalia,  affords  a  still 
higher  temperature,  and  would  be  more 
generally  employed  if  its  maintenance 
had  not  been  found,  so  far,  subject  to  so 
many  interruptions  and  repairs,  arising 
mainly  from  the  interior  lodgments  of 
dust  upon  the  brick  heaters.  With  the 
high  temperature  of  the  blast  is  not  only 
connected  an  enlargement  of  the  furnace 
at  the  bottom,  but  at  the  same  time  a 
narrowing  of  the  furnace  mouth,  and 
also  with  the  complete  disappearance  of 
the  boshes,  whence  has  been  attained  the 
further  advantage  of  a  regular  descent  of 
the  charge  in  work.  The  English  and 
Scotch  furnaces  are  distinguished  in  that 
way  before  all  others. 

GoE^iANs'  Gas  Furnace. — ^Experiments 
in  progress  at  the  Gartsherrie  Works  are 
thus  described  :  The  furnace  has  two  side 
channels  or  pockets  extending  vertically 
from  the  level  of  the  tuyeres  up  to  the 
charging  platform,  and  forming  special 
shafts  or  compartments  for  charging  the 
coal  into,  while  the  ore,  either  all  by 
itself,  or  mixed  with  an  additional  charge 
of  coal,  is  brought  into  the  blast  furnace  in 
the  usual  way;  the  furnace  proper  being 
open  at  the  top.  It  is  the  intention  to  keep 
the  coal  separate  from  the  ironstone  until 
the  former  has  been  converted  into  coke, 
and  the  latter  has  arrived  close  above  the 
tuyeres.  At  that  place  the  side  pockets 
which  contain  the  charge  of  fuel  open 
into  the  main  stack  of  the  furnace,  and 
there  the  mixture  between  coke  and  ore 
takes  place.  The  coal  chambers  are  closed 
at  the  top,  and  the  gas  from  the  coal  can 
be  utilized  as  fuel  or  led  into  the  main 
Ktack  of  the  furnace  for  affecting  the 
reduction  of  ore.  In  this  manner  it  is 
expected  that  the  ironstone  will  be  re- 
duced by  the  action  of  the  ascending 
eorrent  of  gas  alone,  and  arrive  at  the 


openings  of  the  side  pockets  in  the  state 
of  spongy  iron,  or  reduced  metallic  iron, 
which  requires  nothing  but  carburization 
for  melting  and  running  down  into  the 
hearth.  The  short  space  over  the  tuyeres 
should  then  act  as  a  cupola  for  melting 
the  spongy  iron  by  means  of  the  coke 
brought  down  into  that  space  from  the 
side  pockets  of  the  furnace. 

"Engineering"  says  of  this  scheme  : — 
The  problem  of  separating  the  solid  coal 
from  the  charge,  and  of  reducing  the 
ironstone  by  the  action  of  gases  alone, 
has  never  been  brought  to  a  satisfactory 
solution,  however  often  and  carefully 
experimented  with.  In  the  blast  furnace 
itself  the  ore  is  in  direct  contact  with 
solid  carbon.  In  the  higher  zones  of  the 
furnace,  where  reduction  takes  place,  an 
atmosphere  of  carbonic  acid  and  of  oxide 
of  carbon  exists  at  a  temperature  scarcely 
exceeding  red  heat,  but  the  presence  of 
coal  and  of  oxygen  from  the  iron  ore 
seem  to  keep  that  atmosphere  in  a  state 
of  continuous  charge  between  the  higher 
and  lower  oxide  of  carbon.  All  particles 
of  carbonic  acid  when  in  contact  with 
coal  become  reduced  to  carbonic  oxide, 
and  the  carbonic  oxide  in  contact  with 
the  ore  become  carbonic  acid  again. 
This  state  of  mobility  or  vii-tual  mo- 
tion of  atoms  seems  to  be  requisite  for 
the  work  of  reduction,  and  it  appears 
that  an  atmosphere  of  carbonic  oxide 
alone  is  not  capable  of  effecting  the  re- 
duction of  ironstone  at  that  low  tem- 
perature. It  is  clear,  indeed,  that  the 
temperature  maintained  in  the  zone 
lowreduction  is  due  to  the  presence  of 
the  solid  carbon,  since  the  process  of 
converting  carbonic  acid  into  carbonic 
oxide  by  bringing  it  into  combination 
with  another  atom  of  carbon  is  a  cooling 
process  absorbing  fully  one-third  of  the 
total  heat  which  that  carbon  would  evolve 
when  cbmpletely  burned  in  the  open  air. 
If  wo  attempt,  therefore,  to  effect  the  re- 
duction of  iron  ores  by  a  stream  of  car- 
bonic oxide  gas  alone,  we  lose  this  cooling 
agency,  we  effect  the  combustion  of  the 
carbonic  oxide  gas  at  the  expenses  of  the 
oxygen  from  the  ore,  and  we  thereby 
raise  the  temperature  of  the  zone.  The 
ore  under  these  circumstances  will  be- 
come heated  more  and  more  until  it  will 
commence  to  melt  without  reduction. 
The  furnace  if  kept  hot  enough  at  the 
tuyeres  will  then  produce  nothing  but 
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liquid  oxidee,  silicates,  etc.,  in  the  form 
of  filag,  which  is  simply  the  ore  melted 
but  not  reduced.  To  obtain  such  a  re- 
sult, however,  a  great  supply  of  heat  from 
an  exterior  eourt^e  is  necessary,  since 
there  are  zones  below  that  zone  of  re- 
duction just  referred  to,  which  require 
heat  in  order  to  keep  the  molten  iron- 
stone liquid  at  the  time  when  it  no  longer 
gives  off  oxygen  to  the  gas  in  contact 
with  it. 

In  a  common  blast  furnace  where  no 
such  special  source  of  heat  is  available, 
the  probable  restdt  of  a  separation  of  the 
coal  from  the  ore,  would  be  to  set  the 
whole  furnace  fast  in  a  few  minutes.  If» 
on  the  other  hand,  a  regenerative  gnn 
furnace,  or  an  air-furnace  fired  externally, 
is  emplayod  for  that  purpose,  and  con- 
nected with  a  stack  or  hopper  for  reduc- 
ing the  ore  by  ascending  gas,  a  con- 
tinuous and  very  profuse  supply  of 
liquid  slag  can  be  relied  on,  as  the  re- 
sult of  this  mode  of  reducing  iron  ores 
by  an  atmosphere  or  current  of  carbonic 
oxide  gaa 

CARBoNizDfG  OiiES.^ — A  Considerable  eco- 
nomy in  the  reduction  of  iron  ores  is 
obtained  at  the  Almond  Ironworks,  in 
England,  by  previously  carbonizing  or 
oolong  the  ores,  instead  of  merely  calcin- 
ing tnera.  The  process — Aitkens* — is 
largely  illustrated  in  the  "  Practical  Me- 
chanics' Jom*nal "  of  October  last  It 
is  stated  that  the  carbon  in  the  ores  is 
retained,  to  serve  for  fnel  in  their  reduc- 
tion. Almost  any  apparatus  suitable  for 
coking  coal  may  be  employed. 

PuaiFicATioN  OF  Ores. — On  this  subject 
'*  Engineering "  says  :  The  rationalo  of 
Uie  process  of  washing  iron  ores  after 
calcination  is  the  following  :— An  iron 
ore  contaminated  with  pyrites,  when 
submitted  to  calcination,  under  the  free 
access  and  influence  of  the  air,  takes  up 
a  certain  quantity  of  oxysjen,  and  by  that 
process  the  pyrites  and  other  similar 
combinations  of  sulphur  and  iron  become 
converted  into  sulphates  of  iron,  which 
are  soluble  in  water.  If  then  the  ore  is 
washed  with  a  large  quantity  of  water 
and  for  a  considerable  length  of  time,  all 
thos«  soluble  salts,  and  with  them  the 
component  sulphur,  will  be  removed.  The 
purification  from  sidphur  is  most  efltec- 
tively  attained  by  washing  at  the  Kladno 
Ironworks^  in  Bohemia,  where  forge  iron 
for  puddling  tJi  the  staple  article^  and  at 


the  Ironworks  of  Maria  Zell,  in  Stjna, 
producing  foundry  and  Bessemer  pig 
iron. 

A  new  method  of  purifying  iron  orei 
now  under  experiment  was  patented  by 
Mr.  Thomas  Bowan,  of  Glaegow^,  and 
consists  in  calcination  and  subsequent 
washing,  only  the  calcination  in  this  in- 
stance is  not  a  mere  oxidizing  process  aa 
now  practised,  but  the  ore  is  mixed  with 
choridcs,  such  as  common  salt  or  chloride 
of  manganese,  and  calcined  in  contact 
with  these  substances,  the  effect  being 
to  convert  many  of  the  substances  coo- 
tained  in  the  ore  into  chlorides.  The  idea 
of  remo\4ng  phosphorus  from  ii^n  by 
the  action  of  chlorine  w^as  oiiginated  by 
Dr.  Crace  Calvert,  of  Manchester,  more 
than  twenty  years  ago,  butitappcarsthftl 
Dr,  Calvei-t  expected  a  gaseous  combinn- 
tion  of  phosphorus  and  chlorine  to  be 
formed  and  passed  off"  as  a  vapour  either 
from  the  blast  furnace  or  ciilcining  kiln. 
Mr.  Rowan's  researches  Beem  to  show 
that  none  of  the  volatile  combinations  of 
chlorine  and  phosphorus  are  formed  dur- 
ing such  a  calcination,  but  that  a  com- 
bination is  formed  w^hich  is  soluble  in 
w^ater,  and  can  be  extracted  from  the  ore 
by  washing  after  the  calcination  is  com- 
pleted. The  effect  of  washing  the  ore 
after  this  chloridizing  calcination  is  the 
removal  of  the  sulphate  of  sodn  and  of 
the  clorides  of  phosphorus  formed  in  thai 
process. 

It  has  been  proposed,  at  oa©  of  the 
great  ironworks  in  the  Cleveland  district, 
to  effect  this  calcination  by  charging  tho 
ironstone  mixed  with  salt  mto  the  calcin- 
ing kilns  now  in  use,  but  this  is  not  a 
suitable  mode  of  working  on  a  large  scale. 
The  time  for  calcination,  and  particularly 
that  for  washing,  shoiUd  be  ample,  and 
much  greater  than  can  be  allowed  in  the 
calcining  kiln.  Tlie  calcination  should  be 
carried  on  close  to  the  mines  in  very  large 
heaps  covered  at  the  top  and  connected 
at  the  bottom  with  flues  which  lead  into  a 
chimney*  Tlie  salt  mixed  witli  the  ore, 
or,  stiU  better,  dissolved  in  water  and  sent 
into  the  calcining  heap  in  the  form  of 
small  jets  or  streams  of  brine,  would  act 
upon  the  moss  for  any  desirable  length  of 
time.  The  whole  calcining  heap  should, 
after  being  burnt  out.  be  immersed  with 
water,  or  l>o  percolated  by  a  large  stream 
or  body  of  water  for  several  weeks.  After 
this  Uic  ore  may  be  sent  to  the  smelting 
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wosksy  and  the  calcining  kilns  there  will 
pfar  the  part  of  evaporators  only.  They 
will  dry  the  ore  and  heat  it  to  some  ex- 
laDt  preTiona  to  its  being  charged  into 
Uaat^ 


the 


ifnmaoe. 


SBniKG  GOT  RAILWAY  CUBYES. 

MM     EAST     CUBTX    lOB    CONNSCmfO     RAILWAT 

TAjrossrrs^  wfth  tables  adapted  to  b^t- 

naiO-OUT  BT  THBODOUTE. 

Br  W.  Airy,  firom  «  Hm  EBftnaM'.** 

It  win,  no  doubt^  be  admitted  by  all 
who  hare  had  experience  in  the  perma- 
nent aetting-out  of  railways,  that  there  is 
no  method  so  rapid  or  accurate  of  setting- 
ovt  curres  as  by  theodoUte.  For  prelimi- 
nary work,  indeed,  it  is  possible  to  use 
other  methods — the  off-set  method,  for 
instaaoe — ^with  great  success;  but  when 
a  railway  is  formed,  and  the  question  is 
one  of  laying  the  rails  to  true  6urv6,  the 
theodolite  method  is  the  only  reliable  plan 
in  practice.  When,  therefore,  the  writer 
<rf  the  present  paper  took  the  subject  in 
hand,  he  made  it  a  first  consideration  that 
no  dure  should  be  adopted  which  had 
not  the  property  of  being  readily  set  out 
fay  theodohte;  and  the  character  of  the 
emre  and  the  form  of  the  tables  have  all 
been  soited  to  the  aboYO  condition. 

With  r^;ard  to  the  necessity  for  such  a 
cnrre,  the  writer  takes  that  for  granted. 
It  is  notorious  that  sharp  curves  are  sys- 
tematically **  cased  off"  at  the  springing, 
in  order  to  lessen  the  lateral  shock  to  a 
train  coming  upon  them  off  a  piece  of 
straight,  but  this  very  remedy  may  easily 
proTe  harmful,  except  the  *'  easing  off"  is 
carried  a  long  way  up  the  curve,  for  it  is 
dear  that  a  curve  cannot  be  flattened  at 
one  point  without  being  rendered  sharper 
at  some  other  point ;  and  if,  as  mostly 
happens,  the  curve  is  flattened  at  the 

r'nging  without  a  careful  adjustment  of 
curve  for  a  long  distance  up,  then  a 
dangerous  kink  is  left  in  the  curve;  and 
the  writer  has  seen  engines  run  off  the 
line  for  this  very  reason.  Various  attempts 
have  been  made  to  ease  off  curves  on  a 
system;  the  curve  of  sines  and  the  curve 
oif  adjustment  have  both  been  applied  to 
the  purpose;  but  neither  of  these  curves 
is  adapted  to  setting-out  by  theodolite, 
and  the  inconvenience  of  setting-out  curves 
with  poles  on  a  railway  nearly  finished — 
and  it  IB  at  that  time  that  it  has  to  be 


done — ^when  the  work  is  going  on,  and 
the  way  is  much  blocked  widi  materiak 
of  all  sorts,  is  almost  intolerable,  and  ren* 
ders  any  method  of  this  kind  quite  im- 
practicable. 

The  curve  which  is  adopted  in  the  pres- 
ent paper,  together  with  the  tables,  was 
communicated  to  the  writer  by  the  Astron- 
omer Royal;  for  the  application  of  the 
curve  nothing  is  assumed  beyond  the  ordi- 
nary data,  viz.,  two  straight  linos  and  the 
angle  they  include  ;  the  appended  tables 
will  then  give  all  the  elements  required 
for  laying  down  the  curve  on  the  ground, 
and  for  computing  its  length,  etc.,  as  may 
be  necessary. 

The  curve  is  the  cubical  parabola  whose 
equation  is 

The  chief  advantage  of  this  curve  is  that 
it  hugs  the  tangent  very  closely  for  a  long 
distance  after  leaving  it,  and  thus  the 
change  of  curvature  is  at  first  very  grad- 
ual— ^which  is  the  object  in  view.  It  has 
also  the  advantage  of  being  the  simplest 
curve  of  its  class,  and,  by  reason  of  the 
high  powers  involved  in  the  expansions 
which  occur  when  dealing  with  the  prop- 
perties  of  the  curve,  very  close  approxi- 
mations are  arrived  at  in  very  few  terms 
of  the  series. 

The  denominator  a«,  in  the  equation 
above  given,  as  an  arbitrary  constant;  and 
its  value  assiuned  for  the  formation  of  the 
present  tables,  a*  =  400,  has  been  chosen 
from  the  followinff  considerations.  Among 
the  properties  of  tiie  curve,  it  will  be  found 
that  the  radius  of  curvature  decreases 
from  infinity  at  the  commencement  of  the 
curve,  till  it  attains  a  minimum  value  at  a 
point  for  which, 

Now,  it  is  assumed  that  in  setting-out 
railway  curves,  the  ordinary  unit  of 
measurement  will  be  the  chain,  and  that, 
in  general,  the  minimum  radius  of  curva- 
ture allowed  will  be  10  or  11  chains;  these, 
then,  have  been  selected  as  conditions 
proper  for  determining  the  form  of  the 
curve,  and  the  value  of  o',  which  has  been 
adopted,  will  be  found  to  produce  a  mini- 
mum radius  of  curvature  =  1 1.3.  It  must, 
however,  be  observed  that  the  foregoing 
assumptions  merely  fix  the  general  diapa 
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of  the  curve,  and  do  not  in  any  way  re- 
atrict  the  use  of  the  curv<3  to  the  precise 
conditions  which  wore  assumed  in  order 
to  determine  a  suitMlde  value  for  the  coa- 
stant;  it  will  1)6  at  the  option  of  the  engi- 
neer to  iix  the  minimum  radius  of  curva- 
ture which  he  will  admit,  and  the  tahles 
can  then  be  used  at  once  to  sot  out  the 
curve,  so  as  to  have  that  minimum  radius 
of  curvature,  with  this  provision,  that  if 
the  minimum  radius  of  curvature  which 
he  mlopts  be  other  than  11.3  chains,  he 
must  work  with  a  di  He  rent  length  than 
the  chain  as  unit  The  method  of  fixing 
the  unit  and  applying  the  tables  will  be 
seen  in  the  examples  below. 

The  tables  are  adapted  to  the  method 
oi'dinarily  pursued  in  setting-out  circular 
curves;  tlie  successive  unit  lengths  are 
chained  along  the  curve,  and  the  angles 
set  oft  from  the  tangent  by  means  of  the 
theodolite.  Li  ranging  the  curve,  since 
the  minimum  radius  of  curvature  is  reached 
at  a  cx^rtain  definite  distance,  in  terms  of 
the  unit,  from  the  tangent  point,  it  may 
happen  that  this  distance  is  less  than 
half  the  length  of  the  curve;  in  this  case 
the  curve  is  sujiposed  continued  with  a 
circular  curve  of  the  said  minimum  ra- 
dius until  the  half  cun^e  is  completed,  and 
the  other  half  of  the  curve  is  ranged  in 
the  same  manner  from  the  other  tangent 
point  There  is  no  calculation  involved 
m  the  above  arrangement,  but  the  no- 
cessary  angles  are  taken  out  of  the 
tables  continuously  and  without  inter- 
ruption. 

It  may  be  well  to  describe  the  process 
to  be  followed  in  a  given  case.  The  first 
thing  is  to  determine  what  shaU  be  tht 
shai'pest  curvature  allowed,  as  this  will  fix 
the  unit  uf  measurement;  the  next  thing 
will  bo  with  tlie  kntjwu  rmgular  changi- 
of  direction  (tliis  will  be  the  same  an  the 
t^xterior  angle  between  the  tsmgents),  to 
take  out  of  Table  I.  the  thntanee  of  the 
tnds  of  the  curve  from  the  intersection  of 
the  tangents,  in  unit:;  of  the  kngth  al- 
ready determined  ;  and  thirdly,  the  theo- 
dohto  must  bo  planted  at  one  of  these 
points,  and  the  half-eurve  ranged  in 
successive  unit  lengths  by  tlie  angles 
given  in  Table  II,  ;  the  same  must  be 
done  for  the  other  point,  and  the  curve 
is  ranged. 

Thus,  for  example,  let  the  angular 
change  of  direction  be  50  deg,  and  let 
it  be  determinod  to  fix  15  chains  as  the 


minimum  radius  of  ctirrature.  From 
Table  I.  it  appears  that  fi-om  an  angle  of ' 
50  deg.  the  length  of  the  semi -curt©  in 
8.05*2.  Also  from  Table  IL,  it  appears  tbAt 
at  a  distance  along  the  curve  of  8.0,  the  ra- 
dius of  curvature  is  11,4,  If,  therefore,  it  be 
intended  that  this  minimum  radius  of  cur* 
vature  shall  represent  15  chaias,  tho  unit 

15 

of  length  must  be  taken  at-y^^:=L3lj 

chains;  in  other  words,  the  unit  must  bt| 
a  chain  of  1»)1  links. 

Referring  back  to  Table  L,  it  appMTi  I 
thtit  for  angle  50  deg.,  the  distance  uf  ih# 
theodolite  station  from  the  intersecting  uf 
tlie  tangents  is  8.456,  or,  usiiig  tlic  proper 
unit  is  8.456  X  l-^l  =  11.08  chains;  and 
if  this  distance  be  measured  along  boUj 
tangents  it  will  fix  the  two  encU  of  Ibc 
curve. 

Tlie  theodoHte  may  now  be  planted  at 
one  of  these  j^oints,  and  the  half  cune 
ranged  by  means  of  the  angles  given  in 
Table  H.,  using  throughout  a  length  of 
131  links  as  tlie  unit  When  half  Ute  cutto 
is  ranged,  the  theodolite  must  be  shifted 
to  the  other  end  of  the  cur\'e  for  ranginj: 
the  other  half. 

In  the  above  example  it  has  been  ne* 
cessary  to  make  use  of  a  unit  adapted  to 
the  conditions;  but  should  the  conditions 
bo  altered,  so  that  the  minimum  radius 
t>f  curvature,  as  found  in  the  tables^  and 
duo  to  the  angular  change  of  directioa, 
be  not  less  than  15  chains,  then  the  ordi- 
nary chain  of  100  links  can  be  used  as 
unit  Thus,  let  the  angular  change  of  di- 
rection be  15  dcg.,  then  the  tabnlor  semi- 
length  oi  the  ciu*ve  is  4. 1 97,  and  the  tabu- 
lar radius  of  curvature  due  to  this  senu- 
length  is  nearly  111;  conseqiiently,  the 
chiun  of  100  links  may  U  ilas  thc» 

unit  wnthottt  fear  of  Ir  .  ,-ng  tho 

fixed   minimum  radius  of   cai*viilure»  lo 
chaiuK. 

With  tlie  foregoing  explanation  wt?  mar 
proceed  at  (mce  to  the  tables  : 

Let  A  I,  B  I,  be  the  two  tangent  lines 
wliich  are  to  be  imited  by  the  cur^e,  to 
that  V  I  S,  the  angular  change  of  direc- 
tion, is  a  known  angle  ;  then,  for  the  com- 
plete setting-out  of  the  cunpX%  wo  r«*quire 
to  know  the  following  elements  : 

L  The  equal  distances  I  T,  I  S,  which 
define  the  theodolite  stations,  T  and  S. 

2,  The  length  of  the  curve, 

3.  The  theodolite  angle  P  T  L  fo? 
successive  points  defined  by  the  mi 
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m  of  saooeflsiTe  unit  lengths  on  the 


4  The  radiiis  of  cnrratore  for  soTeral 
Nxnts  Along  the  cazre. 

To  mipply  these  elements  the  two  fol- 
ywing  tables  have  been  computed  : 

^tML—Art/umeni.^  The  anffu?ar  changt  nf  dtreo- 
Ifai;  j^'irtj  Hue,  disiajiee  of  ifittjdolil^  vtcUiQn  from 
intenedktnt^  itin^^nlA,  and  iength  qf  ^emi-curve. 
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19 

50 
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PILES  placed  in  the  Rhine  by  the 
Romans,  nearly  2,000  years  ago,  have 
been  found  to  be  entirely  sound  when 
remoTed  within  the  present  century. 


rouL^Ko.  a.— 10 
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CHMNEVS. 

The  chimney  of  the  West  Cumberlaiid 
Hiematite  Iron  Works  is  deemed  by  Pro- 
fessor Riinkiiie  worthy  of  an  exteuded 
piiper  before  the  Institute  of  Civil  Engi- 
neers in  ScotlaJid,  not  because  it  is  new 
or  extraorilitiary  in  de,sijO^,  but  because  it 
is  a  sxieceKsful  example  of  the  application 
of  correct  principles  and  good  workman- 
ship. We  extract  the  following  particu- 
lara  : 

HeigTit  above  the  ^nnd  line 25D 

Pepih  of  foaudation  below  the  ground 

Ime  (iuclading  n  layer  of  concrete  3  ft. 

deep) 17 

Ft.    lu, 

Ineide  diameter  at  top  of  cotie 13    0 

*•  **         lit  2  ft  libove  bottom  of 

cone .,  21  10 

*•  **  ofbaHenieut 18  3(» 

♦*  '*         of  urcbways  forflaefi,,     7    f> 

Oit(«ide  diameter  at  top  of  cone  .....     16    3 
**  **         ftt  2  f t.  above  bottom  of 

cone , , , , .  25    7 

Oatside   dimonaions   of  sqimre 
baaemaut 30ftX3<>*t 

Ft.  In.     rt.  lA. 
Ouiaide  dimeitBioiui  of  foundation 

course.. 31  6X^1  6 

Oatflide  dimenfiions  of  euncrete 

fonndation, , . , 34  6X^  ^ 

The  change  from  the  square  to  the  oetag- 
onal  Bbape  in  the  basement  is  made  gradu- 
ally by  stepping  the  brickwork  at  the 
corners.  A  straight  batter  was  used  in 
preference  to  the  theoretically  correct 
curved  batter,  because  the  former  could  be 
tested  by  the  eye. 

The  duty  of  the  chimney  ie  to  carry  off 
the  gaseous  products  from  4  blast  fur- 
naces and  vai'ioua  stoves  and  boilers — say 
from  lOJ  tons  of  fuel  per  hour- 
It  had  previously  been  ascertained,  that 
in  order  that  a  round  chimney  in  this 
windy  region  may  be  sufficiently  stable, 
it*?  weight  should  be  such  that  a  pressure 
of  wind  of  about  55  lb.  per  square  foot  of 
A  plane  surface  directly  facing  the  wind, 
or  27^  lb-  per  square  foot  of  the  plane  jpro- 
jection  of  a  cyhudrical  surface — that  is  to 
say,  a  pressure  equivalent  to  the  weight 
of  a  layer  of  brickwork  3  in.  deep,  and  of 
an  area  equal  to  the  vertical  section  of  a 
round  cliimney — shall  not  cause  the  re- 
sultant pressure  of  any  bod-joint  to  don- 
ate from  the  axis  of  the  chimney  by  more 
tlian  oiie-quarter  of  the  outsiile  diameter 
at  that  joint  By  calculating  according 
to  that  principle  tlio  thicknefisea  of  brick- 


work in  the  cone  were  determinod  to  b» 
as  follows  : 
Uppermost  80  ft.  of  height. .  IJ  brick 
Next  8t)ft.        "       ..2    bricks. 

88  ft         '•       ..2|      " 
Lowest  2  ft..,  increasing    by  step» 

from  2 1  to  4  bricks,  in  order  to  spread 
the  pressure  on  the  basement  The  bed- 
joint  of  least  stabiUty  is  2  ft  above  the 
groimd  line.  The  thickness  of  the  arch- 
ing in  the  openings  fur  liues  is  threa 
bricks.  The  following  are  the  intengil 
of  the  mean  pressiu-es  due  to  the  load 
different  bed-joints  i 

Temt  aa 

At  2  ft  above  the  gTonnd  line •.»«•  d 

In  biutemcnt  at  tbe  Hpringing  of  the  Archies  S 

On  tho  ujiper  fiiirfoce  of  the  concrete. . .  3 

On  the  ground  below .% , , l,fi 

The  thickness  of  brickwork  already 
stated,  include  the  tire-brick  lining,  whose 
thicknesses  are  as  follows: — In  the  apper- 
most  160  ft.  of  the  cone,  half  brick;  in  the 
lower  part  of  the  cone,  the  basement,  and 
the  flue  archways,  one  brick.  The  fire- 
brick lining  is  bonded  with  the  common 
brickwork  in  the  ordinary  way — the 
fire-bricks  are  laid  in  the  lire-clay  and  the 
common  bricks  in  mortar.  The  reaaoitfl 
for  adopting  this  mode  of  construction  in 
preference  to  an  internal  fire-brick  chim- 
ney are,  Ist,  the  fire-bricks  contribute  to 
the  stabibty  of  the  chimney;  2d,  unleas 
the  internal  chimney  is  carried  up  to  the 
top  of  the  outer  cone,  there  is  a  risk  of 
damage  through  the  explosion  of  in- 
tlammable  gaseous  mixtures  in  the  space 
between;  and^  3d,  under  the  same  circum- 
stances there  is  a  risk  of  the  cracking^  of 
the  outer  cone  at  and  near  the  upper  end 
of  the  iimer  cone  through  unequal  heat- 
ing at  that  place. 

Vertical  cracks  in  a  chimney  are  th9 
more  dangerous  the  higher  the  level  at 
which  they  occur,  because  the  safety  ol 
the  higher  part  of  a  chimney  depends 
more  on  cohesion  and  less  on  weight  than 
that  of  the  lower  part  When  such  cracks 
take  place  near  the  ground,  they  are  of 
little  or  no  consequence. 

The  basement  is  paved  inside  with  (>  in. 
of  fire-brick,  resting  on  6  in.  of  common 
brick,  which  rests  on  the  concrete. 

The  ordinary  brickwork  is  built  is 
English  bond;  in  the  basement  there  Is 
one  course  of  headers  to  every  two  courses 
of  stretchers;  on  the  cone,  one  oonrse  of 
headers  to  every  three  courses  of  stretch* 
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ips  of  No.  16  hoop  iron,  tarred 
ed,  are  laid  in  the  bed-joints  of 
non  brickwork  cone  at  inter- 
ft  in  height,  with  their  ends 
>wn  into  the  side  joints.  In  the 
foundation,  the  basement,  and  a 
rt  of  the  cone,  the  mortar  was 
hydraolic  lime;  the  mortar  for 
ras  made  of  a  pure  lime  rendered 
7  hydraulic  by  a  mixture  of  iron 
be  following  proportions : 

2  measures. 

1 

6       " 

cipal  constituents  of  the  iron 
probably  silica  and  protoxide 
ut  its  action  upon  lime,  and  the 
!  the  artificial  cement  which  it 
ive  not  hitherto  been  investi- 
chemists. 

top  of  the  chimney  is  a  pitch- 
ist-iron  curb,  1  in.  thick,  coming 
in.  on  the  outside  and  inside, 
ning  conductor  is  a  copper  wire 
mt  }  in.  diameter.  It  termi- 
a  covered  drain,  in  which  there 
a  sufficient  run  of  water, 
construction  of  the  internal  scaf- 
ire  was  taken  that  the  horizon- 
i  should  be  supported  wholly  by 
iwork,  and  not  by  the  upright 
r  great  danger  has  been  known 
from  the  brickwork  coming  to 
n  the  ends  of  the  needles,  and 
them  on  the  posts,  owing  to  the 
it  of  the  lower  part  of  the  chim- 

;r  that  the  concrete  foundation 
ve  time  to  harden  before  being 
[  to  a  heavy  load,  it  was  made  by 
Company  themselves  before  the 
for  the  chimney  was  let;  for  it  is 
lat  intense  pressure  tends  to  re- 
hardening  of  concrete.  The  pro- 
the  building  was  restricted  by 
fication  to  a  rate  not  exceeding 
^rtical  height  per  day. 
►rk  was  executed  by  Messrs.  Wm. 
ic  Son,  Glasgow.  The  estimated 
£1,672;  the  o^ctual  cost,  including 
r  and  superintendence,  jgl,560; 
the  rate  of  almost  exactly  four- 
•  cubic  foot  of  the  whole  space  oc- 
f  the  building,  which  is  94,000 
;  nearly. 

ing  to  the  latest  account,  the 
ire  inside   the   chimney,  when 


doing  about  three-fourths  of  its  full  duty^ 
is  490^  Fah.;  and  the  pressure  of  the 
draught  is  IJ  in.  of  water,  which  agrees 
to  a  very  small  fraction  witli  the  pressure 
as  deduced  theoretically  from  the  temper- 
ature and  the  height  of  the  chimney. 

The  dimensions  and  stability  of  the 
chimney  which  has  just  been  described 
are  nearly  the  same  with  those  of  the  sec- 
ond highest  chimney  at  St.  RoUox  Chem- 
ical Works,  built  about  ten  years  pre- 
viously, except  that  in  the  older  chimney 
the  joint  of  least  stability  is  100  ft  above 
the  ground. 

In  the  great  St.  Rollox  chimney,  445( 
ft  high  from  foundation  to  top,  the  great^ 
est  pressure  of  wind  which  can  safely  be 
borne  is  almost  exactly  the  same.  The 
bed-joint  of  least  stability  is  210  ft  above 
the  ground.  In  the  great  Port-Dundas 
chimney,  468  ft  high  from  foundation  to 
top,  the  bed-joint  of  least  stability  is  200 
ft  above  the  ground;  and  the  greatest 
safe  pressure  of  wind  is  67  lb.  per  square 
foot  of  a  plane  surface,  or  33J  lb.  per 
square  foot  of  plane  projection  of  a  cyun- 
drical  surface,  so  that  there  it  may  be 
considered  that  there  is  an  excess  of  sta- 
bility. 

One  of  the  richest  and  most  ornamental 
of  modem  chimneys  is  connected  with  the 
new  India  mill,  Dorwen,  Lancashire.  The 
total  height  of  the  chimney  shaft  from 
the  bottom  of  the  foundations  to  the  top 
of  the  iron  cresting  is  310Jft,  and  from 
the  ground  lino  300  ft.  The  base  is  of 
solid  ashlar,  29  ft.  square  at  ground  line, 
and  42  ft  high.  The  stone  cornice  to  the 
base  is  35  ft  long  on  each  of  the  four 
sides.  The  shaft  itself  is  built  with  red, 
white,  and  black  bricks,  with  sand  grit- 
stone dressings,  and  is  24  ft  square,  and 
built  perfectly  plumb.  The  walls  are  3  ft 
thick  at  top  of  stone  base,  reduced  by 
"  oflfsets"  on  the  inside  to  23  in.  at  the 
commencement  of  main  cornice,  which  is 
255  ft  above  the  ground.  Many  of  the 
stones  used  in  this  cornice  weighed  as 
much  as  5  tons  each,  and  were  hoisted  by 
steam  power.  The  balusters  surmount- 
ing this  feature  are  of  cast-iron,  as  also 
are  portions  of  the  4  vases  at  the  comera 
The  crown  mould  of  the  cornice  at  the  top 
of  the  shaft  projects  more  than  three 
times  as  far  over  the  wall  as  it  rests  on  it, 
and  was  kept  in  its  place  by  iron  cramps 
until  the  cast-iron  cresting  was  fixed  upon 
it    This  cresting  contains  about  20  torim 
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of  metal,  and  is  composed  of  moro  than 
UOO  castings.  There  ia  no  bolting  nor  any 
particle  of  wrought-iron  in  this  portion 
of  the  work,  the  part«)  being  kept  together 
by  slots  and  lugs.  The  whole  weight  of 
this  cresting  stands  upon  the  brickwork, 
and  keeps  the  upper  stone  cornice  firmly 
in  position.  There  is  an  intt>rior  and  to- 
tally independent  shaft,  180  ft.  high,  to 
prevent  the  great  heat  fi'om  the  boiler  fur- 
naces subjecting  the  wall  of  the  outer  and 
main  shaft  to  unequal  expansion  and  con- 
traction. 


MODEMN  AUCHITECrrRE, 

THE  OmCE   OP   KllT   IN    ENOINKERINQ. 

It  may  be  stated,  as  a  general  rule,  that 
whatever  in  construction — in  engineering 
construction  even^is  true  and  suitable 
and  proportioned  to  strains  and  service, 
is  also  beautiful ;  or  if  this  statement  is 
too  broad,  it  will  not  be  denied  that  those 
structures  in  which  material  ia  utilized 
tvnd  power  is  applied  to  the  best  advan- 
tage, are  the  most  beautiful  and  pleasing. 
This  is  as  true  of  a  connecting  rod  as  of 
a  cathedral  The  art  element  should 
therefore  be  considered  in  engineering, 
on  professional  gi'ouiide  as  well  as  in  the 
general  interests  of  ci-vilization  and  re- 
finement In  architectural  construction, 
and  in  aU  gi^eat  or  conspicuous  engineer- 
ing works,  the  want  of  fai'ther  ornamenta- 
tion and  balance  of  parts  may  often  ap- 
pear after  the  strains  and  functions  are 
nil  provided  for,  but  it  will  nevertheless 
bo  found,  when  *'  artistic  eff+^ct  **  is  atiirk 
on  by  an  afterthought,  that  both  truth 
and  taste  have  been  violated.  The  ar- 
tistic element  mu.^t  be  associated  with  the 
design  from  the  beginning.  The  follow- 
ing extracts  from  an  article  eotith?d 
**Slodern  Ar{'hitei*ture — the  Philosophy 
of  Failure  and  the  Secret  of  Success," 
ai*e  from  *'The  Building  News'*: 

It  will  be  admitted  by  intelligent  ob- 
servers of  all  sehoolH  that  modern  archi- 
tecture regarded  from  an  art  point  of 
\iew  is  not  a  success.  We  have  huge 
edifices,  triumphs  of  engineering  skill,  im- 
posing piles  of  building  resplendent  with 
tropics  of  the  stone-carver's  craft,  and 
magnificent  erections  of  iron  and  glass, 
marvellous  as  specimens  of  metal  work, 
and  gorgeous  in  their  efTect.  Neverthe- 
less we  have  no  distinctive  and  satisfac- 
tory style,  no  precise  principle  of  con- 


struction, no  characteristic  method  of 
ornamentation,  and  no  practical  power 
of  realizing  that  idea  of  beauiy  which 
hovers  in  thought  before  the  mind  of 
every  intelligent  designer. 

It  may  seem  but  the  repetition  of  a 
hackneyed  truism  to  assert  that  the  <rwe 
and  the  heuuHfxd  are  inseparable.  Yet  if 
we  are  not  greatly  deceived  it  is  becan^o 
in  modern  architecture  these  two  qualities 
are  regarded  and  treated  as  separable 
that  the  practice  of  art  ia  a  failure.  As  a 
matter  of  fact  the  attainment  of  beauty  is 
proposed  as  an  object  altogether  &p«rt 
from  the  consideration  of  truth. 

The  architect  who  designs  his  build- 
ing on  a  purely  utilitarian  principle,  troKt- 
ing  to  his  ingenuity  to  make  it  beautiful 
by  a  subsequent  process  of  omamentatioD, 
is  practising  an  Aesthetic  fraudL  His  edi- 
fice is  not  beautiful  in  iteelf,  he  is  cou- 
scioiiR  of  its  defect  ;  hence  he  labora  to 
give  it  a  meretricious  aspect  by  means  of 
ornament.  Is  it  wonderfid  if  he  fails? 
Again,  the  designer  who  distorts  the  cob- 
structional  parts  of  his  work  with  the  aim 
to  realize  something  of  beauty  is  no  li«i 
untruth  fid,  inasnmcii  aa  the  omamaitAl 
feature,  the  facade  or  the  tower  he  con- 
trives to  produce,  are  not  necessary — they 
foiTo  no  integral  part  of  the  utile  edifice. 
The  public  eye  quickly  detects  the  artifice. 

In  illustration  of  these  f^upposed 
classes  of  work,  and  in  proof  that  they 
are  not  imaginative,  it  is  only  necessary 
to  instance  the  numberlcBs  hotels,  sta- 
tions, warehouses,  and  public  buildings 
scattered  throughout  the  country  which 
in  themselves  are  ugly,  but  to  the  per- 
verted vision  of  a  vitiated  taste  are  made 
tolerable  by  an  incrustation  of  cornices, 
carved  friezes,  statuettes,  intricate  metal- 
work  and  elaborate  ornament.  Tlu'se  are 
examples  of  buildings  erected  without  A 
thought  of  beauty  and  beautified  after* 
wards.  The  class  of  works  which  are 
untruthful  in  their  form,  and  ape  beauty 
rather  tlian  possess  it,  may  l>e  illus- 
trated by  the  12  or  14-roomed  houses 
fashioned  hke  castles,  the  insurance  offices 
nnd  banks  built  to  resemble  edific««  of 
e^reat  civic  importance.  The  cloistered 
bath  and  wash  houses,  the  club  houses 
and  rtmding  rooms,  like  Greek  or  Roman 
temples,  the  divans  like  ducal  palaces,  and 
the  parish  churches  in  town  and  conn- 
try  constructed  as  cathedrals — ^all  these 
things  are  deceptive^  and  it  is  because  tLa 
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the  principle  of  truth  and  re- 
gard the  attainment  of  beauty  as  an  object 
to  be  gained  apart  from  truth,  and  even 
in  violation  of  itis  immutable  and  universcl 
lawa,  that  they  are  failures. 

Among  the  examples  of  works  designed 
in  neglect  of  the  principle  of  truth,  Siles- 
bory  Cathedral  is  mentioned;  its  chief 
defect  is  weakness.  The  violation  of  en- 
gineering truth  at  once  impairs  the  artis- 
tic effect 

It  is  a  task  of  great  difficulty  to  define 
tlie  precise  con£tions  of  architectural 
trathl  On  the  first  blush  of  the  matter  it 
is  self-erident  that  there  must  be  purity 
of  intention  in  the  design.  If  a  man  sets 
out  with  the  purpose  of  building  a  bam, 
it  must  not  be  a  Swiss  villa  or  a  Chinese 
joas-house  that  he  plans — ^it  must  be  a 
bam  pore  and  simple.  The  practical 
error  takes  its  rise  in  the  false  notion  that 
certain  objects  are  more  respectable  and 
pleasing  than  others,  and,  falling  into  the 
vicious  practice  of  flattery,  the  architect 
deems  it  more  complimentary  to  the  feel- 
ings of  his  client  or  considerate  to  public 
taste  to  make  his  bam  look  like  something 
very  charming,  light,  and  graceful  Now, 
tmth  would  forbid  all  such  misrepre- 
sentation of  fact»  and  would  interdict  all 
meretricious  ornament  It  would  require 
a  grandeur,  and  a  style  and  degree  of 
ornamentation,  befitting  the  nature  of  the 
building  and  the  purpose  to  which  it  was 
to  be  applied,  but  it  would  not  allow  the 
enrichment  of  a  plain  mass  with  a  view  to 
raise  it  to  the  pitch  of  beauty  supposed  to 
be  possessed  by  a  building  of  more  elabo- 
rate figure.  This  was  the  principle  on 
which  the  designers  of  the  best  and  purest 
epochs  in  the  history  of  art  acted.  The 
works  which  have  been  preserved  for  us 
from  the  thirteenth  century  are  eminently 
truthful  in  their  intention.  They  tell  the 
story  of  their  use  without  disguise  or 
prevarication.  They  do  not  seek  to  ap- 
pear more  noble  or  nigher  in  the  scale  of 
beauty  than  they  are  placed  as  respects 
the  arrangement,  configuration,  and  bal- 
ance of  the  masses  of  which  they  are 
composed.  The  ornament  is  never  ex- 
ceimve,  it  never  belongs  to  a  class  of 
building  more  elevated  or  elaborate  than 
that  to  which  it  is  applied;  it  never  sug- 
gests the  idea  that  the  designer  aimed 
to  make  his  work  look  enriched  or  beau- 
tified. Simplicity  and  truth  are  char- 
acteristics of  a  style  which  all  accept  as 


thoroughly  honest  and  pre-eminently  re- 
spectable. 

The  eiTor  into  which  the  Gothic  re- 
vivalists have  fallen  is  that  they  have  at- 
tempted to  produce  the /arm  of  mediaeval 
work  but  neglected  the  spirit.  Now  it 
must  be  evident  that  much  of  the  archi- 
tecture which  we  admire  in  its  place, 
amid  the  associations  of  the  thirteenth 
century,  would  be  anachronic,  however 
skilfully  reproduced  in  the  nineteenth 
century.  What  we  want  is  a  revival  of 
the  old  spirit  of  manly  outspoken  honesty 
and  the  love  of  truth  which  animated  the 
old  art-architects.  Special  developments 
of  art  are  inseparably  connected  with 
conditions  of  time,  place,  and  circum- 
stance. We  cannot  live,  and  dress,  or 
build  as  they  did  who  lived  in  the  thir- 
teenth century,  but  we  can  subject  our- 
selves to  the  same  pure  and  simple  in- 
fluences of  truth  which  swayed  their 
minds. 


MANAGEMENT  OF  SMALL  TUBUUR  BOILEES. 

Under  the  head  of  management  of 
portable  engine  boilers,  a  correspond- 
ent of  "  The  Engineer "  gives  some  use- 
ful information  on  this  subject  The 
boilers  referred  to  are  of  the  locomotive 
type.  The  cylinders  are  usually  at  the 
fire-box  end,  and  the  exhaust  pipe  passes 
inside  or  outside  the  barrel  to  the  blast 
nozzle.  The  feed-water  enters  the  boiler 
in  some  cases  through  the  tube  plate  of  the 
barrel,  but  more  generally  through  the 
underside  of  the  barrel  near  its  front  end. 

For  washing  out  the  boiler  there  are 
generally  7  mud  holes,  1  at  each  comer 
round  the  bottom  of  the  fire-box,  and  1 
at  the  bottom  of   the  smoke-box  tube 

Elate;  the  nimiber  and  position  of  these 
oles  are  very  inadequate  to  the  thorough 
cleansing  of  the  boiler  from  the  dirt  and 
impurities  which  enter  with  the  feed- 
water,  and  which,  if  not  constantly  and 
easily  removed,  soon  fill  it  with  incrusta- 
tion ;  the  parts  that  suffer  most  from  this 
great  enemy  to  all  boilers  are  the  water 
spaces  and  stays  around  the  fire-box,  and 
among  the  tubes  in  the  neighborhood  of 
the  feed-pump,  the  greatest  amount  of 
incrustation  being  formed  in  the  front 
water  space  of  the  fire-box  where  no  mud 
holes  exist  To  remove  the  deposit  from 
this  space,  the  best  plan  is  to  cut  a  mud 
hole  in  the  outer  plate  at  a  short  distance 
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below  the  tubes,  and  A8  near  the  midtll*« 
of  the  plate  as  practicable;  by  this  means 
"  6  dirt  which  drops  down  from  the  tubes 
ta  easily  removed.  One  or  two  additioiml 
mud  holes  arranged  in  a  higher  poHi- 
tion  round  the  fire-box  shell,  would  also 
prove  of  great  assistance  in  keeping  the 
stag's  free  from  corrosion. 

In  the  neighborhood  of  the  feed-pump, 
and  immediately  opiwsite  the  oritiee  in 
the  boiler,  incrustation  is  rapidly  formed 
among  the  tubes;  so  much  so,  that  the 
spaces  between  them,  and  oyen  the  feed 
orifice  itself,  become  sometimes  com- 
pk  tely  choked  with  dii*t.  The  eonne- 
quence  is,  that  the  water  delivered  by  the 
pump  not  having  free  admission  to  the 
boiler,  causes  shortness  of  water  and  con- 
stant breakage  of  the  working  gear.  For 
cleaning  this  part  of  the  boiler,  a  plan  I 
have  generally  adoptetl  with  success  is  to 
fix  a  2-inch  gun-metnl  plug  at  the  side  of 
the  smoke-box  tube  pUtc  and  clear  of 
the  tubes,  directly  in  a  hne  with  the  feed 
orifice;  by  occasionally  removing  this 
plug  and  introducing  a  rod,  the  incrusta- 
tion which  forms  round  the  feed  orifice 
is  broken  up  and  falls  to  the  bottom  of 
the  barrel,  whence  it  is  removed  through 
the  existing  mud  hole.  It  is  also  well  to 
fix  a  half-inch  plug  in  the  side  of  the 
feed-pump  valve  box,  immediately  oppo- 
Kite  tne  dehvery  orifice  in  the  side  of  the 
boiler.  A  rod  introduced  through  this 
hole  mil  always  keep  the  delivery  pipe 
free  from  corrosion.  To  still  farther  pre- 
vent the  accumulation  of  dirt,  it  will  be 
found  a  good  plan  to  draw  a  few  tubes 
periodically — say,  half-a-dozen  on  the 
WhI  side;  by  this  means  the  incrustation 
formed  among  tliem  can  be  quickly  and 
completely  rcmoveti  A  good  boiler- 
maker  will  draw  these  tubes  without 
damaging  them,  and  they  can  then  be 
nut  in  again;  but  even  if  1  or  2  of  them 
tail  and  require  renewing,  the  exnensa  of 
the  new  tulx^s  is  soon  saved  by  a  decrease 
in  the  consumption  of  fuel  consequent 
upon  a  clean  barreL  I  have  generally 
found  it  to  be  further  advisable  at  the 
end  of  1*2  months,  if  the  botier  has 
been  pretty  regularly  worked  during  the 
time,  to  draw  all  the  tubes,  and  by  send- 
ing a  boy  through  the  manhole  into  the 
boiler,  the  wator  spaces  and  barrel  can  be 
thoroughly  eieaniHl,  and  the  tubes,  which 
l>^LH»m^  coated  with  a  hard  scale,  oan  be 
!icr*pt>d,  and  renewed  where  damaged  or 
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burnt.  At  the  same  time  all  leaky  sUyi 
round  the  fire-box  should  be  drilled  oul 
and  replaced  by  stays  of  S.  C.  iron. 

The   expense    of    these   operations 
fidiy   com|>ensated  for  by  the  in 
efficiency  and  durabihty  of  the  boiler.. 

The  joints  about  a  portable  <»£gu>0 
boiler  next  demand  attention.  Tnew 
are  a  constant  source  of  trouble  and  ex- 
pense. In  CAoes  where  the  exbatist  pip* 
passes  through  the  boiler,  the  iiango 
joints  in  connection  with  the  rylinf 
eduction  ports  in  the  top  plate  of  a^ 
chest  are  continually  failing,  an<l 
steam  entering  the  leak  causes  a  continual 
blast  through  the  exhaust  pipe,  and  a  groat 
loss  of  steam.  In  breaking  and 
these  joints  afresh,  the  screws  which 
them,  and  which  are  tapped  intt*  th^ 
of  cyhnders,  break  short  off  inside  the 
boiler;  the  consequence  is  that  the  eyhu* 
ders  have  to  be  hfted  and  the  screws  re- 
newed, which  is  a  very  expensive  and 
tedious  job.  A  great  improvement  is  to 
substitute  studs  for  screws,  with  nuts  in- 
side the  boiler.  In  some  portables  whert 
the  exhatiRt  pipe  passes  along  the 
and  outside  the  boiler,  this  leakage 
avoided. 

Failure  often  takes  place  in  the  joint  or 
bedding  of  the  cyhnders  on  the  boiler, 
the  base  or  fiango  of  the  cylinders  not 
being  properly  brnnglit  to  a  true  bearing 
on  the  crown  plate.  This  joint  is  well 
made  with  wire  gauze,  and  red  and  white 
lead,  but  an  equally  good,  if  ni»t  better, 
joint  is  made  with  iron  borings  and 
Scotch  cement. 

Leakage  is  constantly  taking  place 
among  the  tubes,  and  among  the  bolU 
and  Htuds  connected  with  the  Ixjiler,  xisu: 
— The  fire-box  bridge  bolts,  the  cylinder 
and  saddle  bi>lts,  antl  the  studs  securing 
the  fire-bar  bearers  to  the  sides  of  box* 
Excessive  leakafje  in  the  ends  of  the  tubes 
is  a  sure  sign  of  an  accumulation  of  dirt 
behin<l  the  tube  plate;  this  dirt  being 
first  removed,  the  tubes  can  be  made 
tight  by  judicious  caulking ;  eonitniial 
caulkini:,  however,  is  very  injurious  to 
the  tubes  and  plate,  and  whenerer  tliis 
fails,  the  ferule  sliould  be  withdrawn  and 
replaced  by  one  sUghtly  larger  in  diame- 
ter, A  good  grummit  for  the  hesda  ol 
the  fire-box  bridge  bolts  is  made  of  npiui 
yam,  with  a  thin  coating  of  Sootek 
cement:  leakage  in  the  saddle  bolta 
not  easily  remedied;  being   pat  in 


mt 


YAN  N08TBAKDS  ENGINESBIXG  MAGAZINE. 


151 


the  inade  of  boiler,  great  difficulty  is 
experienoed  in  reaching  them.  The  fire- 
bar bearer  stada  are  not  made  stroiig 
enough  for  the  weight  they  have  to  carry, 
and  when  leaky  are  yery  troublesome; 
the  beat  plan  is  to  replace  them  by  larger 
acrewv  of  S.  C.  iron. 

It  is  almost  unnecessary  to  add  that  the 
water-gauge  cocks,  the  blow-out  cock, 
and  aafety-yalve  fittings,  require  constant 
looking  to,  and  should  be  always  kept 
free  frt>m  corrosion  and  in  good  working 
Girder. 

It  cannot  be  too  often  impressed  upon 
angineers  in  charge  of  steam-boilers,  that 
the  great  desiderata  for  their  safe  and 
economical  working  are  :^-caref  ul  engine- 
menkf  good  and  constant  supply  of  pure 
water,  entire  freedom  from  dirt  and  cor- 
rosion, and  tightness  in  every  part;  by  a 
proper  and  systematic  attention  to  these 
points  a  boiler  can  always  be  kept  effi- 
cient and  safe  from  accident,  and  wiU  last 
lor  years. 


PAianxo  Zinc.  —  A  difficulty  is  often 
experienced  in  causing  oil  colors  to 
adhere  to  sheet  zinc.  Boettger  recom- 
mends the  employment  of  a  mordant,  so 
to  speak,  of  the  following  composition  : — 
One  part  of  chloride  of  copper,  1  of 
nitrate  of  copper,  and  1  of  sal-am- 
moniac, are  to  be  dissolved  in  64  parts 
uf  water,  to  which  solution  is  to  be 
added  1  part  of  commercial  hydrochlo- 
ric acid.  The  sheets  of  zinc  are  to  be 
brushed  over  with  this  liquid,  which  gives 
them  a  deep  black  color;  in  the  course  of 
from  12  to  24  hours  they  become  dry, 
and  to  their  now  dirty  gra^  surface 
a  coat  of  any  oil  color  will  firmly 
adhere.  Some  sheets  of  zinc  prepared 
in  this  way,  and  afterwards  painted,  have 
been  found  to  entirely  withstand  all  the 
atmospheric  changes  of  winter  and  sum- 
mer. 

(Iexkit  fob  Steam  and  Gas  Pipes. — 
-J  The  following  directions  are  given  for 
mnlring  cemcut  impermeable  by  air  and 
steam,  which  is  said  to  be  superior  to  any 
in  use  for  steam  and  gas  pipes : — Six  parts 
of  finely-powdered  graphite,  3  parts  of 
staked  lune,  and  8  pajts  of  sulphate,  are 
mixed  with  7  parts  of  boiled  oiL  ■  The 
HUMS  most  be  well  kneaded  until  the  mix- 
ture is  perfect 


NEW  THEOBI  OF  PUDDLING.' 

THE  AGENCY  OF  CABBONIC  ACID  GAS. 

Mr.  John  F.  Bennett,  of  Pittsburgh, 
who  has  taken  a  patent  for  the  use  of  car- 
bonic acid  gas  in  the  Bessemer  converter 
— a  process  about  to  be  tested  in  Sheffield, 
we  understand — ^writes  at  length  to  the 
**Iron  Age"  (Dec.  3)  on  a  kindred  sub- 
ject. After  quoting  Dr.  Percy's  theory 
of  puddling,  which  has  been  the  received 
theory  of  all  writers  from  Kane  in  1885  to 
Fairbaim  in  1866,  he  objects  to  it  in  de- 
tail, and  states  his  own  views  with  at  least 
considerable  plausibility.  The  following 
are  the  points  in  the  cose  : 

The  only  air  that  enters  the  fumaoe 
passes  up  through  the  grate  bars  of  the 
fireplace,  and  is  wholly  changed  into  car- 
bonic acid  gas.  As  there  is  not  enough 
air  to  constmie  all  the  combustible  matter^ 
part  of  it  passes  off  as  distilled  gases,  and 
part  of  the  carbonic  acid  gas  is  decompos- 
ed into  carbonic  oxide  gas;  in  both  cases 
not  giving  out  their  value,  and  so  causing 
waste  of  fuel  and  loss  of  heat  and  time^ 
The  writer  built  a  puddling  furnace  which 
is  now  in  successful  operation,  into  which 
is  dravni,  immediately  beyond  the  fire 
bridge,  a  quantity  of  hot  air  equal  to  one^ 
third  of  what  passes  through  the  grate 
bars.  This  scarcely  suffices  te  bum  aU 
the  combustible  matters.  In  the  Silesian 
gas  puddling  furnaces  the  supply  of  air  is 
exactly  proportioned  to  the  combustible 
^ses.  So  also  in  the  Siemens'  furnace. 
But  if  free  oxygen  did  pass  over  with  the 
unconsumed  combustible  gases,  and  would 
combine  with  carbonic  acid  sooner  than 
with  iron,  how  much  rather  would  it  prefer 
the  gaseous  carboniferous  matters  amongst 
which  it  is  infused,  to  the  partially  liquid 
iron  on  the  bed  of  the  furnace,  against  the 
surface  only  of  which  it  could  impinge. 
Therefore,  there  is,  practically,  no  free 
oxygen  influencing  the  action  in  the  pud*- 
dling  furnace. 

With  regard  te  the  blue  flames  of  car*- 
bonic  oxide  gas  issuing  from  the  surface 
of  the  molten  metal,  produced  by  the 
reaction  between  the  carbon  of  the  pig- 
iron  and  the  oxygen  of  the  oxidized  com- 
pounds of  pig-iron,  as  Dr.  Percy  states — 
these  blue  flames  of  carbonic  oxide  gas 
must  have  some  other  origin,  inasmuch 
as  the  protoxide  of  iron  in  the  puddling 
furnace  cinder  is  increased  at  each  opera- 
tion, and  not  decreased,  aa  would  be  the 
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case  if  Dr.  Percy  were  correct;  alBo  it  is 
tmknowB  in  chemical  reactions  that  the 
OTj^exi  of  the  protoxide  of  iron  can  be  re- 
moved by  carbon.  Kor  will  oxygen  com- 
bine vnth  carbon  to  form  carbonic  oxide 
gaa  HO  that  it  can  be  exhibited,  for  al- 
thoug-h  carbon  does  undoubtedly  nnite 
with  itH  equivalent  oxygen  to  form  car- 
bonic oxide  gas  in  the  tirst  instance,  when 
they  CAime  together  at  the  proper  tem- 
perature, yet  such  is  the  affinity  of  car- 
bonic oxide  gas  for  oxygen,  that  at  the 
moment  of  its  formation,  it  combines  with 
it  and  forms  carbonic  acid  gas — or»  in 
other  words,  if  1  atom  of  oxygen  was 
present  with  1  or  more  atoms  of  carbon 
at  the  proper  temperature,  carbonic  arid 
gas  would  be  produced  and  might  be  ex- 
hibited, but  if  2  atoms  of  oxygen  and  1  or 
more  atoms  of  carbon  were  present,  car- 
bonic acid  gas  alone  would  be  produced 
and  exhibited;  therefore,  practically, 
oxygen  burning  with  carbon  would  pro* 
duce  only  carbonic  acid  gas,  and  not  tho 
well-known  blue  flames  of  carbonic  oxide 
gas  as  exhibited  in  the  puddling  furnace 
of  the  iron  works,  or  the  black  ash  fur- 
naco  of  the  alkali  works.  Therefore,  says 
the  author,  tlie  process  of  ehminating 
carbon  from  iron  in  the  puddling  furnace 
is  not  assisted  by  the  oxygen  of  any  part 
of  the  cinder,  or  of  the  oxidised  com- 
pounds of  iron  added  during  the  process, 

Mr.  Bennett's  theory  is  as  follows:  On 
tiio  bed  of  the  puddling  furnace  we  have 
molten  pig-iron,  consisting  of  iron,  carbon, 
sulphur,  phosphorus,  silicon,  manganese, 
aluminum,  calcium,  magnesium,  etc.,  play- 
ed over,  surrounded,  and  permeated  with 
hot  carbonic  acid  gas.  That  portion  of 
the  atmosphere  of  carlionic  acid  gas  that 
permeates  the  liquid  pig-ii*on  may  be 
loijked  upon  as  liquid,  thus  allowing  free 
play  for  chemical  affinities  to  display 
themselves  as  readily  as  they  do  when 
different  salts  of  hydrogen  are  dissolved 
in  water  and  commixed.  In  tho  order  of 
tiieir  affinity,  tlie  silicon  and  carbonic 
acid  first  combine,  depositing  carbon  in 
the  molten  pig-iron,  while  the  silicic  acid 
is  evolved  as  a  gas  in  part  and  tieposited 
in  tho  hqnid  cinder  in  part  Co2x=Cx2 
Si  O.  While  this  operation  is  going  on 
there  is  an  increase  of  carbon  in  the  molt^ 
en  pig-iron  as  shown  by  the  experiments 
of  04*1  vert  and  Johnson  and  M*  Lan, 

The  carbonic  a<*id  next  combines  with 
tho  carbon  forming  carbonic  oxide,  which 


is  evolved  as  a  gaa  Co  2  xC=^2  Co.  The 
carbonic  acid  next  combines  with  the  sul- 
phur, depositing  carbon  and  evolving  mil- 
phurouB  acid  and  sulphuric  acid,  whidi  it 
in  most  part  retained  in  the  liquid  dnder 
as  sulphate.  The  carbonic  acid  neit 
combines  with  the  phosphonii!,  deposit^ 
ing  eai*bon  and  evolving  pbosphonu 
and  phosphoric  acid,  which  is  in  mofifc 
part  retained  in  the  liquid  cinder  as  plioi> 
phate.  The  carbonic  acid  next  combisei 
with  the  manganese,  depositing  t^rbon 
and  evolving  manganous  acid,  which  ia  in 
most  part  retained  in  the  liquid  cinder  &8 
protoxide.  The  minor  impurities  of  nmg- 
nesium,  calcium,  aluminum,  etc.,  are  re- 
moved in  tlie  same  manner. 

That  this  is  substantially  the  order  is 
which  these  impurities  are  removed  may 
be  shown  in  the  action  of  tho  bluet  fur- 
nace, where,  when  these  are  the  impurities 
of  the  iron  ore  smelted,  if  the  mangoneee 
is  depoeited  in  the  slag,  so  are  the  sal- 
phur  and  phoaphorus,  while  if  the  man- 
ganese remains  in  the  pig-iron,  so  do  also 
the  Bidphur  and  phosphorus.  While 
these  three  last  operations  ore  going  on, 
the  carbon  deposited  is  also  acted  upon 
by  the  carbonic  acid  and  evolved  as  c«r^ 
bouic  oxide  gas. 

"WTiile  all  these  operations  are  going  on, 
the  h'ou  is  also  acted  upon  by  the  car- 
bonic acid,  carbon  deposited,  and  ferrons 
acid  in  part  evolved  as  a  gas  and  in  part 
deposited  in  the  liquid  cinder  as  protox- 
ide. While  the  action  is  taking  place  be- 
tween the  carbonic  acid  and  the  following 
tju  Instances,  viz.,  sib  con,  carbon,  sulphur, 
and  |)hoRphoru8,  both  being  hot,  say 
3,00€°  Fahrenheit,  there  is  no  diminution 
of  temperature.  When  tho  action  begins 
to  take  place  between  the  carbonic  add 
and  the  iron,  there  is  a  defieiencr  of  tem- 
perature manifest,  and  tho  ir<n  (45 
be^  pasty  an  d  cap  able  of  be  in  g  n  j  tjd 
together,  and  so  collected  intn  ImI'-,  tins 
deficiency  of  temperature  beinj^^*  aii^jMl  bv 
the  temijerature  of  the  carbonic  acid 
ing  only  3,000°  Fahrenheit,  whereas 
iron  requires  a  temperature  of  5,000® 
Fahrenheit  to  become  liquid,  and  in  the 
action  of  the  transfer  of  oxygen  from  one 
metal  to  another  there  is  no  heat  made 
apparent;  or,  in  other  words,  tho  heat 
lost  by  the  taking  away  of  the  oxygen  of 
tlie  carbonic  acid  is  at  the  same  time 
restored    by  its    combination   with   th^ 
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KEW  EXPLOSIVE  AGENTS. 

Ompll«d  ft^MB  tk«  *«  PkU  sun  OmbUc'* 

itbo-Qltcebins. — ^Mr.  AUred  Nobel,  a 
dish  engineer  and  chomiBt,  was  tlie 
.  to  att^pt  the  application  of  nitro- 
erine  as  an  explosiye  agent,  although 
id  been  known  as  a  chemical  curiositj 
e  1847.  His  original  plan  was  to 
regnate  gunpowder  with  the  liquid, 
I  •ii^itig  very  considerably  to  the 
ractive  powers  of  the  former.  It  is 
Moliarity  of  nitro-glycerine  that,  al- 
igh  it  explodes  yiolently  when  sub- 
»d  to  a  sudden  and  sharp  concussion, 

flamed  with  difficulty  by  the  simple 
Lication  of  heat  or  fire,  and  then 
DS  very  much  like  any  inflammable, 
-explosive  liquid.     About  five  years 

Ifr.  Nobel  adopted  the  ingenious 
ice  of  accomplishing  the  main  explo- 
L  by  a  small  preliminary  detonation, 
means  of  the  ordinary  mining  fuze, 
I  a  small  case  containing  gunpowder, 
a  metal  cap  containing  detonating 
der,  attached  to  its  extremity.  Thus 
destructive  force  of  nitro-glycerine 
'  be  developed  with  tolerable  cer- 
ty,  no  matter  whether  the  liquid  is 
"e  or  less  strongly  confined. 
he  possibility  of  applying  nitro-gly- 
ne  in  its  pure  state  as  an  efficient  ex- 
ive  agent,  in  mining  and  similar 
rations,  having  been  thus  demonstrat- 
Mr.  Nobel  proceeded  to  perfect  the 
lafacture  of  the  material,  and  to 
I  illustrations  in  pubhc  of  its  extra- 
nary  destructive  powers,  which  have 
1  estimated  at  10  times  as  great  as 
powder. 

he  new  "  blasting  oil "  was  first  used  in 
den  and  Norway,  where  manufactories 
e  established  by  Nobel,  and  subse- 
atly  in  other  countries;  notwithstand- 
the  difficulties  and  dangers  to  be  en- 
itercd  in  the  employment  of  a  liquid 
incertain  stability,  possessed  of  poi- 
ras  properties,  horribly  dangerous  to 
ile,  and  navinpf  the  tendency  to  solidify 

teinporature  above  the  freezing  point, 
n  the  danger  attending  its  manipu- 
m  becomes  greately  increased.  A 
ession  of  the  most  fearful  disasters 
)  occurred  during  the  transport, 
lofacture,  and  manipulation  of  the 
(tance,  the  first  at  Colon,  and  others 
^ew  York,  California,  Australia,  and 
tr  parts  of   the  world,  also  two  de- 


structive explosions  last  summer  in  Bel- 
gium and  in  Sweden  (at  Nobel's  factory). 
The  employment  of  nitro-glycerine  has 
since  been  prohibited  in  the  two  last- 
named  kingdoms,  and  the  very  name  of 
the  substance  is  now  everywhere  most 
properly  regarded  with  a  feeling  of  dread, 
which  any  modification  in  the  properties 
of  this  destructive  liquid  will  fcul  readily 
to  dispeL 

Dtnahite. — These  facts  have  led  Mr. 
Nobel  to  contrive  a  safer  modifica- 
tion of  the  hquid ;  the  result  has  been 
the  production  of  "  dynamite,"  a  buff- 
colored  powder,  somewhat  oily  or  ad- 
hesive to  the  touch.  This  material  is  a 
somewhat  crude  nitro-glycerine  prepara- 
tion, and  consists  simply  of  a  silicious 
earUi  (or  any  other  inert  powder),  im- 
pregnated with  a  considerable  quantity  of 
nitro-glycerine.  A  solid,  inert  substtmce 
is  thus  made  the  vehicle  for  the  appHca- 
tion  of  the  explosive  liquid,  and  tne  dis- 
advantages which  specially  attach  to  the 
fluid  character  of  nitro-glycerine  are  set 
aside.  But  although  mtro-glycerine  in 
this  form  is  safer  to  transport,  and  is  ap- 
phcable  with  more  ease  and  certainty  as 
a  blasting  agent  than  the  liquid,  its  inju- 
rious influence  upon  the  health  of  those 
employing  it,  and  the  possibility  of  its 
undergoing  changes  which  may  result  in 
spontaneous  explosion,  are  not  overcome. 
Moreover,  the  physical  character  of  dyna- 
mite renders  it  less  convenient  to  handle 
than  gunpowder  and  other  solid  explo- 
sives; and  it  is  obviously  less  powerful 
than  the  undiluted  liquid.  Like  nitro- 
glycerine in  the  pure  state,  dynamite  will 
not  explode  upon  simple  application  of  a 
red-hot  iron  or  flame,  but  if  exposed  to 
the  eflects  of  a  detonation  in  immediate 
proximity  to  it,  the  violently  destructive 
results  obtained  with  the  liquid  are  de- 
veloped in  proportion  by  the  solid. 

Nytro-Glycerine  and  Gun-Cotton. — 
Another  preparation  of  this  substance  has 
lately  been  produced  by  Mr.  Abel,  Chem- 
ist to  the  War  Department,  and  made  the 
subject  of  some  interesting  experiments 
at  Chatham  and  Woolwich.  It  is  pro- 
duced either  in  the  form  of  hard  granules, 
or  of  discs  or  pellets  of  compressed  gun- 
cotton,  containing  about  three-fourths 
their  weight  of  nitro-glycerine.  The  ni- 
tro-glycerine is  thus  held  absorbed  with- 
in a  porous,  solid  substance,  which  is  it- 
self endowed  with  strong  explosive  prop- 
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erties.  All  contact  of  the  nitro -glycerine 
with  the  air,  and  with  thoBe  handling  this 
preptumtion,  ia  prevented  by  a  hard  im- 
pervious coating  with  which  the  grains  or 
discs  are  provided.  This  material  would 
therefore  appear  to  be  decidedly  safer  and 
more  convenient  to  handle^  transport,  and 
preserve,  besides  being  more  powerful  as 
an  explosive  than  dynamite.  If  Ught^d 
in  open  air  it  simply  bums,  without  any 
explosive  effect;  but  when  confined  it  does 
not,  like  dynamite  or  the  liquid  nitro- 
glycerine, require  a  detonating  fuse  for 
the  development  of  its  explosive  power, 
though  its  violent  explosion,  even  in  open 
air,  may  be  brought  about  in  that  way, 
just  as  in  the  case  of  the  other  sub- 
stances. 

Improved  Gun-Cotton, — Unfortunately 
for  the  interests  of  nitro-glycerine,  a  n«w 
and  valuable  addition  to  our  knowledge 
of  gun-cotton,  recently  made  at  Wool- 
wich, renders  it  very  doubtful  whether 
the  explosive  liquid,  in  whatever  form  it 
may  be  presented,  is  likely  to  enter  into 
successful  competition  with  that  materiaL 
It  has  been  found  that  the  explosive  force 
of  gun-cotton  may,  like  that  of  nitro-gly- 
cerine, be  developed  by  the  exposure  of 
the  substance  to  the  sudden  concussion 
produced  by  a  detonation  ;  and  that  if 
ex:ploded  by  that  agency,  the  suddenness 
and  consequent  violence  of  its  action 
greatly  exceed  that  of  its  explosion  by 
means  of  a  highly  heated  body  of  flame, 
Tliis  is  a  most  important  discovery,  and 
one  which  invests  gun-cotton  with  totally 
new  and  ^jiluable  characteristics. 

Some  rcraarkal>le  results  have  been  al- 
ready obtained  with  this  new  mode  of  ex- 
ploding gun-cotton.  Large  blocks  of 
granite  and  iron  plates  of  some  thickness 
have  been  shattered  by  exploding  small 
charges  of  gun-cotton,  which  simply  rest- 
ed upon  their  upper  surfaces.  Long 
charges  or  trains  of  gutji-cott^m,  simply 
placed  upon  the  ground  against  stockadf^s 
of  great  strength,  and  wholly  uncontined, 
have  been  exploded  by  means  of  detonat- 
ing fuses  placed  at  the  centre  or  at  one 
end  of  the  train,  and  produced  uniformly 
dcHtructivo  effects  throughout  their  entire 
length,  the  results  corresponding  to 
those  produced  by  eight  or  ten  times  the 
nmount  of  gunpowder  when  applied  un- 
der the  most  favorable  conditions.  Min- 
ing and  quarrying  operations  with  gun- 
ootton  applied  in  tho  new  manner,  Imvc 


furnished  results  quite  equal  to  those  ob- 
tained with  nitro-glycerine,  and  have 
proved  conclusively  that  if  gun-cotton  ix 
exploded  by  detonation  it  is  unnecessary 
to  confine  the  charge  in  the  blast-bolf 
by  the  process  of  hard -tamping,  a*  the 
explosion  of  the  entire  charge  takes  place 
too  suddenly  for  its  effects  to  be  appre- 
ciably  diminished  by  the  line  of  eacm  ' 
presented  by  the  blast-hole.  Thus,  tne 
most  dangerous  of  all  operations  con- 
nected with  mining  may  be  dif^pensed 
with  when  gun-cotton  fired  by  the  new 
system  is  employed. 

It  will  readily  be  observed  that  this  dis- 
covery, which  we  beheve  is  due  to  Mesura 
Abel  and  Brown,  of  the  War  Office  Chem* 
ical  Establishment,  is  likely  to  be  tt- 
tended  vri th  most  imjKirtant  results.  It 
has  been  said,  and  said  justly,  tlmt  if  ytm 
want  gun-cotton  to  exert  itself  you  mnst 
coax  it  into  the  belief  that  it  has  a  great 
deal  to  do.  You  must  give  it  bonds  ti> 
break  and  physical  obstacles  to  overcome^ 
with  no  outlet  or  possibility  of  ea 
But  now,  gun-cotton  wiD  exert  itself,  i 
put  forth  more  than  what  was 
lieved  to  be  its  full  strength,  whether  ii 
sees  any  work  to  do  or  not.  This  discovery, 
therefore,  can  hardly  fail  to  lead  to  th£ 
universal  adoption  of  gun-cotton  for  min- 
ing purposes,  as  soon  as  its  new  prop- 
erties become  generally  known. 

In  connection  with  possible  military 
applications  the  discovery  is  invaluable. 
Tht're  can  no  longer  be  any  doubt  what 
agent  should  be  employed  for  the  breach- 
ing of  stockades  and  the  like;  and  th©  ab- 
sence of  all  necessity  for  the  use  of  strong 
confining  envelopes  will  have  an  import- 
ant bearing  upon  the  employment  of  gun- 
cotton  for  torpedoes  and  all  submarine 
explosive  operations,  besides  greatly  sim- 
plifying mining  and  breaching  opcratioiw 
in  the  field.  We  have,  in  fact,  discovered 
several  new  advantages  to  add  to  tb 
which  already  had  sufficed  to  recomm€ 
gun-cotton  as  an  explosive  agent  in  prel* 
erence  to  all  others. 


TtAAcXfiWToy,  Esq., late  Chief  EngincfTm 
the  Navy,  Engineer  of  the  Monitor  dnr- 
ing  her  first  engagement,  and  an  accom- 
plished scholar  in  all  that  pertains  tc^ 
ships,  steam,  and  naval  affairs,  is  aaivv- 
ciat^d  with  Gen.  MeClellan  in  tho  com- 
pletion of  the  Stevens  battery,  ' 
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WASTE  OF  WOOD. 


XSD     COK- 


ATISTICB — THE     BEMEDT — ^IBOK 
GBETE  8TBUCTUBE8. 

From  the  last  report  of  the  United 
:ate8  Department  of  Agriculture  it  ap- 
imn  that  unless  measures  are  taken  im- 
ediatelj  to  replace  by  new  plantations 
le  supplies  withdrawn  by  the  destruc- 
on  of  our  old  forests,  there  will  be  an 
•toal  famine  for  wood  in  this  country 
ithin  the  next  30  years.  It  is  estimated 
tat  from  1950  to  1860  no  less  than  50,- 
M),000  acres  of  new  land  were  brought 
Bder  cultivation,  of  which  two-fifths 
ere  timber  land.  And  in  the  decade 
iding  1870  there  will  be  no  less  than 
X),000,000  acres  so  reclaimed.  In  the 
ngle  State  of  New  York,  from  1850  to 
^,  there  were  reclaimed  from  the 
rest  and  brought  into  cultivation  no 
SB  than  1,967,433  acres  of  land.  Ail 
tese  acres  will  never  again  be  devoted  to 
mber  growing,  and  stul  the  destruction 
)eson. 

The  great  consumption  of  wood  is  for 
lilding,  fuel,  and  railway  sleepers.  The 
due  of  the  &rms  of  the  United  States  in 
)G0  was  $6,654,045,700,  while  the  value 
-  the  lumber  improvements  was  $3,322,- 
^,000.  AH  this  has  been  cut  from  the 
oL  and  most  of  it  within  30  yeara 
Ittle  or  nothing  has  been  done  to  replace 
The  sleepers  used  on  the  railroads 
'  our  country  from  1850  to  1860  cost 
3,063,957.  More  than  100,000,000  rail- 
ly  clccpers  arc  now  iu  use,  and  as 
tese  are  almost  entirely  hard  wood, 
ul  last  but  2  to  5  years,  it  will  be  seen 
tat  the  annual  supply  for  this  purpose 
enormous,  and  increasing  as  fast  as  new 
kilroads  are  built  In  a  single  year  there 
as  use<l  for  repairs  of  railroads  and 
diroad  buildings  and  cars  in  the  United 
taies,  no  less  than  $38,000,000  worth  of 
nod. 

There  are  no  less  than  477,623  artisans 
1  wood  in  this  country.  If  we  estimate 
le  ralno  of  their  prmluction  at  the  low 
rico  of  $1,000  each  per  annum,  we  have 
le  still  greater  aggregate  of  an  industry 
'  $.500,000,000  per  annum  dependent 
Jely  on  wooil.  It  is  a  noteworthy  fact 
latVooil  in  all  its  branches  of  manufao- 
ire  and  use,  pays  more  than  one-half 
le  entire  internal  revenue  of  the  United 
lates,  and  no  less  than  66  trades  depend 
ion  wood  as  bare  material  for  their  la- 


bor. The  wood  fuel  used  for  locomotives 
in  the  United  States  reached  the  enor- 
mous figure  of  $56,000,000  in  a  single 
year. 

Besides  the  scarcity  and  increased  cost 
of  wood  for  all  these  purposes,  a  more 
serious  loss  is  likely  to  result  to  agricul- 
ture, from  the  greater  severity  of  &e  cU- 
mate,  due  to  the  loss  of  the  forests.  The 
irregularity  and  extremes  of  temperature 
we  now  endure,  were  not  formerly  known. 

These  are  startling  facts,  and  their  im- 
portance cannot  be  too  quickly  or  too  se- 
riously considered  by  governments,  com- 
munities, engineers,  mrmers — all  men. 
The  people  should  rise  in  self-defence,  as 
in  case  of  foreign  invasion.  Without 
discussing  at  this  time  the  proper  work 
of  Government  in  the  matter,  nor  of  form- 
ers in  replanting  and  sparing  forests  for 
their  individual  protection,  we  would 
urge  engineers,  builders,  and  all  consum- 
ers of  wood  in  great  and  permanent 
structures,  to  renew  their  efforts  to 
cheapen  the  other  and  more  plentiful  ma- 
terials of  nature,  and  more  especially  to 
avoid  the  use  of  perishable  wood.  In  the 
majority  of  cases  the  use  of  wood  costs 
more  in  the  long  run  than  -stone,  brick, 
cement,  iron.    Decay  outnms  interest 

Wooden  railway  bridges  do  not  pay 
anywhere,  and  wooden  sleepers  are  not 
found  to  pay  in  many  countries  where 
this  material  is  peculiarly  scarce  and  per- 
ishable. Iron  sleepers,  with  a  small 
amount  of  wood  in  pockets,  to  give  the 
necessary  elasticity,  are  really  permanent 
and  safe,  and  would  be  economical  to-day 
on  lines  of  heavy  traffic  in  our  Eastern 
States.  The  wear  and  tear  of  rails  and  roll- 
ing stock  directly  due  to  the  decay  and  the 
cutting  and  mashing  of  wooden  sleepers, 
the  cost  of  their  renewal  every  five  years, 
and  the  better  support  and  increased 
bearing  of  the  rail  obtainable  with  iron, 
are  all  sound  and  weighty  arguments  in 
its  favor.  Because  simple  stone  blocks 
were  found  too  rigid,  the  idea  of  stone 
permanent  way  seems  to  be  entirely  dis- 
carded. But  where  stone  is  plentiful  and 
easily  T^TOught,  the  plai^'ing  of  woo<len 
pockets  in  large  blocks  of  it  would  cost 
little  more  than  wooden  Blee2)ers,  and  be 
sufficiently  elastic. 

Excepting  only  wooden  shipbuilding, 
the  most  unreasonable  and  not  the  least 
extensive  use  of  wood  is  in  the  floors  of 
great  stone  and  brick  city  houses.    Prob- 
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ably  three-qimiH:ers  of  the  very  first  class 
and  most  costly  biiikiings  erecting  in  our 
citiea,  hnvo  wooden  floors.  Tbe  first  cost 
of  iron  is  certainly  a  great  temptation  to 
avoid  it;  but  higher  rates  of  insurance 
and  inevitable  dejitrnction  by  fire  at  some 
time,  will  eat  up  the  saving.  If  wood  and 
iron  were  of  equal  price,  the  permauence 
of  the  latter  should  warrant  its  adoption 
in  all  the  better  class  of  buildings.  There 
is  some  reason  and  hope  in  legiKlation  on 
thid  subject.  When  a  mans  wooden- 
floored  warehouse  is  gutted  by  fire,  the 
verdict  is,  '*  served  him  right,"  But 
when  this  conflagration  lights  the  ware- 
houses of  his  neighbors,  they  have  a 
rightful  and  should  have  a  legal  claim 
against  him.  For  farm  buildings  and 
country  houses  brick  should  be  more  gen- 
erally adopted  as  no  economical  measure; 
the  repeated  painting  and  inevitable  decay 
and  reconstruction  of  wood  cost  more  in 
the  end  Concrete  is  getting  into  larger 
use,  especially  abroad;  it  is  cheap  and 
permanent  This  Bubjeet  will  be  more 
fully  referred  to  in  another  article. 

\\Tiat  engineers  and  builders  have  to 
do  is  to  vheapen  brick,  concrete,  artificial 
stone,  iron,  and  the  modes  of  moulding 
them  into  houses  and  structures.  The 
wood  question  is  so  positively  alarming, 
that  a  great  demand — a  rush — is  likely  to 
be  made  in  the  new  direction,  and  every 
improvement  will  be  gladly  and  widely 
welcomed.  We  know  of  no  business 
Ukely  to  be  more  remunerative  than  the 
production  of  a  cheap  mineral  building 
material,  on  a  large  scale. 

As  to  wood  fuel,  the  grand  consumption 
of  locomotives  and  steamers  is  already 
much  abridged.  The  charcoal  furnace  is 
a  great  destroyer  of  forests,  and  we  look 
to  the  improvement  in  coal  furnaces — 
high  and  large  stacks,  better  hot  blast, 
l>etter  fluxing,  and  the  purification  of  ores 
and  of  irons  in  subsequent  treatment^— to 
lessen  the  necessity  and  the  demand  for 
charcoal-iron. 

It  is  singularly  fortunate  that  the  ma- 
terial we  want  so  ranch  to  prei%erve»  is  the 
material  we  ought  so  little  to  use.  Wood 
in  heavy  and  exposed  structures,  and  es- 
pecially when  subjected  to  wear,  is  ut- 
terly  perishable.  It  immediately  begins 
to  depreciate  in  strength  and  value,  and 
its  short  life  is  but  a  series  of  paintings, 
patchings,  splicin^s,  and  repairs.  For 
this  reason  it  is  after  a  short  service  not 


only  unreliable,  but  so  yielding  afi  to  d^ 
crease  the  service  and  durability  of  Bnr- 
rounding  parts.  If  this  is  not  enough, 
the  injury  to  agricidture  by  the  destrufs 
tion  of  forests,  should  be  enough  to  war- 
rant every  public  and  private  effort  ic 
preserve  them.  The  ciutivated  taste  of 
the  times  has  found  nothing  more  suit* 
able  for  furniture  and  decoration  than 
the  natural  woods,  and  whatever  of  thig 
material  can  be  spared  from  the  hill  sides 
can  be  advantageously  employed  for 
these  and  similar  purposes. 

In  the  West  this  subject  is  better  im- 
derstood  than  among  us,  and  laws  hare 
already  been  passed  in  Iowa,  KansaSi 
Missouri,  and  other  States,  looking  to  tha 
growth  of  forests,  such  as  the  exemption 
of  made  and  natural  wood  growths  from 
taxes.  And  the  timber  nurseries  of  tbe 
West  are  already  vast  in  extent.  In  some 
parts  the  first  thing  the  farmer  does  is  to 
plant  the  fast-growing  cotton  wood,  and 
the  next  is  to  plant  better  wood  to  t4ike 
its  place.  In  the  East,  where  timber  hois 
been  more  plentifid,  and  is  soon  to  hft 
more  scarce  than  in  the  West  even,  and 
where  more  durable  building  materials 
are  more  cheaply  produced  and  more 
needed,  the  subject  has  not  received 
proper  attention* 


( 


How  TO  Lat  out  a  Cmr.— The  "New 
York  Times  *'  argues  that  tbe  right- 
angular  plan  has  timied  out  aa  incon- 
venient as  the  cow-path  system,  and 
advocates  for  situations  like  New  York, 
a  main  longiturlinal  avenue  of  great 
width,  with  rectangular  and  diagonal 
streets  leading  from  it.  Tliere  should 
certainly  be  some  other  means  of  getting 
from  corner  to  corner  of  a  series  of 
square  blocks,  than  going  round  the 
town  or  **  playing  a  game  of  cherkera*' 
through  its  centre.  Diagonal  streets  may 
yet  have  to  be  cut  through  our  right- 
angled  rities.  Baron  Hauasman  has 
spent  375  millions  in  altering  the  map  of 
Paris,  dxiring  the  last  fifteen  years. 


POWER  Looms  were  first  eonstmcted 
in  England  by  Cartwright  in  1787, 
and  first  started  in  this  country  on  the 
improved  plans  of  Moody,  an  Ameriean, 
by  Lowell  (after  whom  the  city  of  looms 
was  named]  in  1815. 
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COMPBESSED  SUCK  COAL 

Ifr.  WwiiifloD  W.  Sajth^  raport  on  the  art  of  mkUiig  and 
■toiaQargf  al  the  Paris  Kxhiblitoii. 

"Within  the  last  few  years,  careful  ex- 
periments, conducted  by  the  administra- 
tion, haTe  proTed,  what  was  long  doubted, 
thai  France  possesses  coals  excellently 
adapted  for  sea  service;  and  for  some 
time  past  no  other  than  French  coal  has 
been  used  in  the  Imperial  nayy.  But  for 
these  purposes  the  fossU  fuels  from  dif- 
Caroit  localities  have  to  be  judiciously 
selected  and  mingled  in  certain  propor- 
tions. Taking  the  coal  as  a  whole,  it  is 
noticeable  tmit  it  makes  much  more 
small  and  dust  than  our  own,  and  is  more 
frequently  apt  to  be  "dirty"  or  mixed 
with  shale  and  clay.  It  hence  results,  that 
the  French  coalmasters  have  been  driven 
to  pay  a  special  attention  to  methods  of 
cJeanmg  their  produce  and  utilizing  the 
"  slack,*'  menu,  or  small  coaL  At  the  great 
Exhibition  in  1851,  Berord's  coal-washing 
machine  came  before  us  as  a  novelty, 
although  it  was  only  in  certain  details 
that  it  could  rightly  be  so  considered ;  and, 
besides  several  contrivances  for  that  pur- 
pose introduced  more  recently,  a  ^eat 
variety  of  ingenious  apparatus  has  been 
brought  into  use  for  making  "patent 
fuel,"  agglomeres — ^that  is,  for  pressing  the 
small  coal  into  cakes  of  various  forms 
by  the  aid  of  a  small  amount  of  some 
bmding  material  These  briquettes  are 
highly  reported  upon  for  naval  use;  in 
their  carnage  to  the  ports  there  is  a  loss 
of  only  1  per  cent,  against  from  6  to  10 
percent  on  lump  coal;  and  when  stored 
abroad  they  are  found  after  two  years' 
exposure  scarcely  at  all  injured,  whilst 
oroinary  coal  would  have  sufTered  to  the 
extent  of  50  per  cent  Moreover,  they 
are  free  from  ash,  and  may  be  made  of  a 
mixture  of  flaming  and  of  dry  coal,  or  of 
those  varieties  which  have  a  more  free- 
burning  and  a  more  calorific  property 
respectively,  in  such  a  ratio  as  to  give 
the  best  effect  in  getting  up  and  main- 
taining steam.  The  late  Exposition 
abounded  with  examples  of  the  ma- 
chinery and  the  products  of  this  manu- 
facture; and,  although  wo  are  not  in 
Great  Britain  without  a  similar  industry, 
attention  may  fairly  bo  called  to  the  sub- 
ject in  the  interest  of  the  millions  of  tons 
of  small  coal  and  of  inferior  qualities 
which  we  are  every  year  actually  getting 
rid  of  as  refuse. 


As  early  as  1833,  Messrs.  Marsais  and 
Ferrand  took  out  a  patent  for  this  pur- 
pose, but  it  was  not  until  1843  that  the 
agglomerated  coal  began  to  be  produced 
in  any  quantity,  and  some  more  years 
elapsed  before  the  machinery  was  so  far 
improved  by  several  different  engineers 
as  to  lead  to  the  present  large  scale  of  the 
manufacture.  The  St  Etienne  Company, 
by  introducing  an  enormous  hydraulio 
pressure,  need  only  to  add  5^  per  cent 
of  pitch  {hrai  sec)  to  solidify  the  mass. 
The  stack  of  rectangular  blocks  left  out- 
side the  St  Etienne  shed  in  the  "pork," 
throughout  the  heavy  rains  in  April,  gave 
good  testimony  to  the  thorough  compact- 
ness and  durability  which  had  been  thus 
attained. 

The  greater  part  of  the  French  makers 
appear  to  have  adopted  the  circular 
arrangement  of  the  Messrs.  BevoUier, 
and  of  Mr.  Evrard  and  M.  Dehaynin. 

In  this  machine  the  cylinders  are  dis- 
posed as  the  radii  of  a  circle,  in  which 
the  slack,  after  being  heated  by  a  current 
of  steam,  and  mingled  by  very  ingenious 
apparatus  with  the  pitch,  is  pressed  by 
pistons  and  formed  either  into  cylin- 
drical or  hexagonal  blocks  of  convenient 
length.  The  rate  of  production  appears 
to  be  in  practice,  10  tons  per  hour  with 
one  machine,  requiring  an  engine  of 
50-hor8e  power  to  work  it,  and  the  ex- 
treme limit  of  pressure  being  100  atmos- 
pheres. 

The  prices  of  the  St.  Etionne  com- 
pressed fuel  are  high;  the  first  quality, 
which  contains  only  2.10  per  cent  of  ash, 
is  marked  at  28  francs  per  ton;  the 
second,  with  6  per  cent,  at  26  francs; 
whilst  the  best  block  coal  roles  at  from 
19  francs  to  23^  francs,  and  the  small  at 
9J  francs  to  15J  francs.  The  very  small 
proportion  of  gas,  tar,  or  pitchy  matter 
mtroduced  into  the  mass  at  this  work, 
con  scarcely  be  considered  as  a  general 
guide,  since  different  qualities  of  cool 
will  need  some  more  and  some  less  of 
binding  material. 

M.  Felix  Dehaynin,  a  producer  of  no 
less  than  175,000*  tons  of  agglomeres  in 
the  year,  exhibited  drawings  of  the 
E\Tard  machine  as  modified  by  himself, 
and  employed  at  his  three  works,  in 
which  500  people  are  engaged.  The  com- 
pany called  the  "  Ocean,"  at  Paris,  were 
also  exhibitors  of  drawings  and  of  the 
apparatus  for  the  same  purpose,  known 
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by  the  name  of  ita  inventor,  M.  HsLZ<i- 
line. 

As  an  adjunct  in  these  operations,  an 
ingenious  machiDe  by  Hanrez  &  Co. 
may  be  noticed.  It  is  constructed  for  the 
dying  of  small  waahed  coal  by  the  revolu- 
tion of  a  scare w  within  a  revolving  per- 
forated cylinder,  and  ia  stated  to  dry  live 
tons  per  hour, 

Wc  could  wish  that  coalworkera^  min-  ' 
eral  landowners^  and   capitahsts,  would 
note  these  varioua  indications  of  what  is  , 
now  becomiDg  in  France  an  important  i 
trade.     Without   being    unmindful    that 
several  companies  have  been  established  | 
in  South   Wales    and   elsewhere    for    a  i 
similar  manufacture,  we  cannot  but  be 
conscious    that    their   action   is  but    an 
indnitesimal  set*oflf  against  the  wholesale 
waste  of  slack   that  takes   place   in  this 
country.     It  is  not  only  that  the  small 
ooal  cut    and    broken  from  the  salable 
part  of  seams  is,  in  most  of  our  districts, 
thrown  into  goaf  and  gob  by  the  tens  of 
Ifaousands  of  tons,  but  those  proportions 
ot   beda^   often  some  feet  in    thickness, 
which  are  intermixed  with  stone  or  sul- 
phur,  or  which  make  a  larger  than  usual 
proportion  of  slack,  are  at  once  rejected 
as  useless,   and  acres  of  such   coal  are 
abandoned  to  be  inextricably  mixed  up 
with  broken  roof  and  hearing  floor,   al- 
though of  no  worse  quahty  than  would 
be  turned  to  advantage  in  many  a  French 
ooUiery.     It  is  impossible,   in   the  hard 
competition  of  the   times^  to  blame  in- 
difidaals   for   this    sin  against  the  eco- 
nomical us©  of  Nature's  gifts;  but  it  is  a 
discredit  to  tlw?  country  at  large,  and  wOi, 
among  our  descendants,  entail  many  an 
anathema  on  the  seMsh  stupidity  of  their  i 
fijve&lliianL   American  miners  ta^ke  notice.  I 


THK  INSTITUTION  OF  CITIL  ESGIKEtttS, 

HIST0S7   or  THE  aOCTETT — rW  »EW 
IX»Kl/OX. 
CbniCad  tton  **  dgtuMrti^** 

FoBMsa  SocESTiEa. — Although  the 
ciety  of  Arts  was  founded  in  1754,  tha 
English  engineers  had  no  representatiTo 
body,  no  arranged  and  adequate  means 
for  the  communication  of  ideas,  till  much 
later.  In  17G8  Smeaton  and  a  few  friends 
formed  a  more  or  less  conrivial  engineer- 
ing club  which  met  at  the  Qu4.^en  s  Head 
Tavern  in  Holbom,  and  lasted  sooia  20 
years,  but  left  no  profeasional  reedhk. 
In  1792  Smeaton  waa  about  to  reorgamst 
the  society  in  a  **  better  and  mote  re- 
spectable form,'*  but  his  death  prevented. 
His  friends,  however,  did  reorganize  it, 
and  commenced  a  series  of  fortnightly 
meetings  on  April  15,  1793,  at  the  Crown 
and  Anchor  in  the  Strand ;  there  waa 
better  order,  but  not  lees  ert-^  -  nd 
drinking.     The   "  Smeatonian  uf 

Civil  Engineers "  still  exists,  ana  ti*»ldji 
monthly  meetings  at  the  Freemasons 
Tavern  daring  Parliamentary  seoDiQii^ 
but  its  pith  and  sap  have  been  absorbed 
by  its  single  vigorous  branch,  the  *'  Insti- 
tution of  Civil  Engineers." 

HisToar  OiF  the  IxsTrrmoK. — In  1817 
William  Mandalay,  Henry  B.  Palmer, 
Joshua  Field,  James  Jonea,  Joahoa  Col- 
linge,  and  James  Aahwell,  formed  a  so- 
ciety and  drew  up  mlea  which  are  still 
maintained  with  some  modification.  In 
1821,  Thomas  Telford,  appreciating  the 
value  of  such  a  society,  and  foreseeing  how 
it  might  extend  in  professional  inflnent?e 
and  }>ower  if  well  managed,  aeeepted  the 
presidency.  In  his  inangoral  be  said  thai 
the  institution  had  arisen  from  the  wants 
of  society,  and  being  the  result  of  its  pres^ 

E,^  .  ...  ^1  ent  stata  promises  to  be  both  useful  and 

iJBcrnio^PLXTmci  iron^  with  copner  andji^ti,,^.  ^V^der  the  able  guidanee  and 
brass  IS  succesafully  carried  on  in  |  poweSul  influence  of  Telford  the  aodetr 
France,  m  ihe  foUowmg  simple  manner  : .  ^^^  ^^^  prospered,  Ita  meetLnga  weie 
—The  iron  object  ui  coated  with  a  vamxsh  ]  held  at  No  1  Cannon  Row,  We^inater, 
ofresm,  dissolved  in  benzme.  This  is  till  1839,  when  it  erected  its  present 
i\u  1  with  plumbago,  and  the  cop-  ,  offices,  Ko.  25  Great  George  Street     On 

p^  ted  as  usual     By  this  means     -  -  -  ^ 


the  peclmg  off  of  the  thin  layer  of  copper 
k  ODTiated. 


Oaw  Womxa — Disoton's  in  Phihidelphia 
O  eompriae  7  buildinga,  having  an  area 
ot  500,000  aqittttt  ImI^  and  employ  400 


the  3d  of  June,  1828,  it  obtained  a  royal 
charter,  and  was  incorporated  undflr  the 
title  of  the  ''Institution  of  Civil  En- 
gineers." Telford *s  demotion  to  the  in- 
tereeta  of  hia  proteg«^  inereaaedt  aa  be 
gave  up  profesaional  pnrsoita  in  hia  later 
years,  and  he  remained  preaideait  UD  hie 
(death  in  1834.    The  eeeond  ptesideD^ 
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Jker,  rotained  the  chair  for  10  years, 
i  Sir  John  Bennie  remained  in  office  3 
jra.  The  term  of  presidentship  is  now 
rears,  and  since  Bennie,  11  members 
re  filled  the  chair.  At  the  present  time 
r  institution  has  1,689  members,  of  whom 
are  "honorary,"  641  "members,"  909 
Bsociates,"  and  123  "  students." 
!^cw  BuiLDDra — Cost. — ^The  insufficient 
ommodation  of  the  old  house  led  to 
[oiry  as  to  the  best  site  and  plans  for  a 
ger  building.  An  eligible  site  and 
aetnre  in  Victoria  Street  would  have 
t  iS26,000  to  meet  which  the  institu- 
n  had  the  rent  of  the  old  house,  iS4,000, 
1  in8,000 available  property;  this  would 
re  entaUed  a  debt  of  iS4,000.  The  old 
\  25  Great  George  Street,  sufficiently 
reased  by  the  purchase  of  adjoining 
iperty,  was  therefore  obtained  at  a 
irly  rental  for  99  years  of  ^£659,  with 
>  priyilege  of  purchase  within  10  years 
igl2,000.  The  cost  of  the  alterations 
1  extensions  of  the  building  was 
1,650.  The  architect  is  Mr.  J.  H. 
rait;  the  contractors  Messrs.  Holland 
Sannem. 

ICaih  Featitbes — Booms. — The  main 
tore  of  the  new  design  was  the  con- 
action  of  an  ample  meeting  room  in 
ce  of  the  old  cramped  and  awkward 
aire  44  feet  9  incnes  by  24  feet  8 
hes;  the  improvement  of  the  library, 
1  some  means  to  avoid  the  undue  crush 
the  annual  conversaziona  At  the  same 
le,  the  old  facade  and  entrance  were  to 
aain«  The  original  plans  (see  "En- 
leering,"  voL  V.)  were  reconsidered, 
1  the  present  building  is  as  follows: 
>n  the  left  of  the  main  hall  is  the 
retary's  room  24  by  17  feet,  and  a 
rk's  office  17  feet  7  inches  by  15  feet, 
e  two  are  separated  by  a  glazed  parti- 
n  which  can  be  removed  upon  occa- 
n.  At  the  end  of  the  main  hall,  which 
saved  with  tesselated  marble,  an  arch- 
y  under  the  main  staircase,  decorated 
;h  bronze  gas  standards  and  statuary, 
da  to  the  lobby  leading  to  the  council 
>m,  21  feet  6  inches  by  31  feet  10  inches, 
the  left,  and  the  members  reading 
I  writing  room,  40  feet  by  28  feet  4 
hes,  on  the  right,  and  to  the  lava- 
iesL  On  Tuesday  evenings  tea  and  cof- 
are  served  on  a  removable  counter  in 
f  reading  room,  and  on  conversazione 
htB  the  partition  between  the  reading 
1  the  ooondl  rooms  will  be  removed, 


making  a  spacious  refreshment  room.  At 
the  back  of  the  council  room  stairs  lead 
to  the  kitchen  below,  and  other  stairs  to 
the  rear  of  the  president's  chair  in  the 
theatre  above.  In  the  basement,  ap- 
proached by  a  separate  staircase,  is  the 
strong  room,  12^  feet  by  7  feet. 

Thb  Theatre. — ^The  main  staircase,  4 
feet  wide,  occupies  a  rectangular  well  18 
feet  6  inches  by  21  feet,  extending  unbrok- 
en to  the  lantern  above,  48  feet  from  the 
ground  level.  A  rise  of  about  14  feet  brings 
up  to  the  level  of  the  meeting-room  or  the- 
atre on  which  the  principal  care  of  the 
architect  has  been  expended.  It  has  a 
clear  area  of  60  feet  by  40  feet,  with  a 
height  of  30  feet  from  the  floor  to  the 
springing  of  the  dome  by  which  the  room 
is  lighted.  There  are  four  entrances,  the 
doorways  of  which  are  handsomely  exe- 
cuted in  oak.  The  principal  entrance 
opens  from  a  6-foot  landing  at  the  head 
of  the  main  stairs,  which  also  extends  to 
the  library.  A  second  access  is  obtained 
on  the  extreme  left,  by  a  gallery,  and  is 
intended  for  the  entry  of  members  who 
arrive  after  the  proceedings  have  com- 
menced. On  the  right  two  more  doors 
open  from  another  gallery. 

The  arrangement  of  uie  seats  in  the 
theatre  has  been  carefully  devised.  The 
President's  chair  occupies  a  point  oppo- 
site the  space  between  the  central  ooor- 
ways,  and  from  this,  as  a  centre,  a  series 
of  semicircular  platforms  have  been  laid, 
each  tier  from  the  council  table  to  the 
opposite  wall  rising  above  the  other,  so 
that  the  outer  row  is  about  3  feet  from 
the  ground.  The  objectionable  plan  of 
having  a  clear  avenue  down  the  centre  of 
the  room  to  the  President's  chair,  a  plan 
which  invariably  interrupts  the  attention 
of  the  meeting  by  the  entry  of  late  mem- 
bers, has  been  avoided.  The  circular 
benches,  arranged  upon  the  platform  tiers, 
are  placed  2  feet  7  inches  apart  from  back 
to  back,  so  that  ample  sitting  accommoda- 
tion is  provided  for  375  people,  which  the 
room  is  calculated  to  hold  without  a  gal- 
lery. There  is  a  small  room  at  the  back 
of  the  theatre,  devoted  to  the  use  of  dia- 
grams, etc. 

The  sides  of  the  meeting-room  are 
treated  with  Doric  and  Ionic  pilasters, 
terminating  in  sufficiently  enriched  can- 
tilevers and  cornices  at  the  ceiling.  The 
bays  left  between  the  pilasters  will  ul- 
timately be  fiUed  with  the  pictures  be- 
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longing  to  the  Institution.  At  present, 
however,  the  only  decorations  will  con- 
fiiat  of  brackets  carri^ing^  the  busts  which 
adorned  the  old  building.  The  principal 
of  these  is  the  marble  bust  of  Telford, 
which  will  fill  a  oonspicuous  place  in  the 
library.  Of  the  others,  the  main  ones  will 
be  the  portraits  of  Dr.  Olinthus  Gregory, 
Thomas  Tregold,  Professor  Faraday,  Sir 
Robert  Peel,  John  Smeaton,  Watt,  Ren- 
nie,  the  Stephenaons  (father  and  son), 
Maudslay,  the  elder  and  younger  Brun<il, 
Locke,  John  Fowler,  Hawkshaw,  Joshua 
Field,  Bryan  Donkin,  G.  P.  Bidder,  and 
Rcndel. 

LiGHTi?ro. — Eight  lunettes — 4  on  the 
north  and  4  on  the  south  side  of  the 
meeting  hall — aid  the  light  thrown  by  a 
large  central  dome  19  feet  in  diameter,  en- 
closed in  an  outer  dome,  so  that  the  light 
is  passed  through  a  double  medium.  By 
night  the  theatre  is  illuminated  by  3 
sunlights;  the  central  one  in  the  middle 
of  the  dome  has  G3  lights,  and  the  2 
side  ones  28  lights  eacli.  Two  grated  open- 
ings are  provided  in  the  ceiling  for  Tentila- 
tion, 

HEJiTTfo, — Thirteen  grated  openings 
placed  around  the  room  about  15  inches 
above  the  floor»  and  openings  in  the  risers 
under  the  seats,  admit  the  warmed  air 
forced  from  the  basement  at  the  rate  of 
400,000  cubic  feet  per  hour,  being  an  allow- 
anco  of  800  cubic  feet  per  hour  for  500  peo- 
ple. Fresh  air  is  taken  from  without  and 
carried  along  an  imderground  channel 
leading  into  the  basement  At  the  ex- 
tremity of  this  channel  a  fan.  driven  by  a 
1 -horse  gas  engine,  forces  the  air  into  a 
chamber,  where  it  is  warmed  in  winter, 
and  can  be  cooled  in  summer.  The  appara- 
tus employed  for  warming  the  air  consists 
of  a  scries  of  hot  water  pipes,  4  inches 
in  diameter,  disposed  in  horizontal  tiers, 
and  so  arranged  that  the  entire  volume  of 
air  used  for  ventilation  must  bo  passed 
amongst  the  spaces  between  them  before 
it  leaves  the  chamber*  The  axis  of  the 
fan  used  for  forcing  the  air  into  the  build- 
ing ijs  situated  parallel  with  that  of  the 
air  channels,  and  it  carries  two  blades 

S laced  at  50^,  the  diameter  being  3  feet 
leans  have  also  been  provided  for  filter- 
in^?  the  air  before  admitting  it.  and  in 
sum  m  or  a  cold  water  spray  will  be  forced 
against  a  fine  wire  gauze  screen  covering 
the  mouth  of  the  channel  to  cool  the  air 
aa  its  passage.     Valves  are  placed  in  the  ^ 


diflTerent  branches  to  regulate  the  admi^ 
sion,  and  an  independent  coil  is  placed  ill 
the  hall  to  warm  the  entry  to  the  building* 

Library. — In  the  Ubrary,  42  feet  by 
feet,  the  first  and  second  floors  of  the  old , 
building  have  been  thrown  into  oo6»  i 
gallery  supported  on  brackets,  is 
around  the  room  at  the  old  upper  J 
level ;  this  gallery  is  wide  enough  to  i 
tain  bookcases  and  leave  space  enoughl 
stools  and  desks  for  readers.  The  bbr 
is  illuminated  with  two  2S-bumer  sunlight^ 
and  sufficient  ventilation  is  secured  by 
gratings  in  the  ceiling.  The  top  floor  haa 
been  made  into  one  spacious  loft  with  an 
excellent  light  for  the  preparation  and 
storage  of  diagrams. 

Such  is  the  house  the  Institutton  of 
Civil  Engineers  has  built  and  garnished 
for  itself  in  the  fiftieth  year  of  ita  life. 


THE  Park   Bank. — ^Tbis  showy,  and 
many  respects  splendid  strucinrei,  < 

eupying  part  of  the  rite  of  the  old  muaeoiB 
opposite  the  Astor  House,  was  opaied  in 
December.  The  facade  is  of  white  mar* 
ble,  richly  decorated  in  the  classic  8^^ 
The  striking  features  are  the  double  roiw 
of  columns  supporting  the  portico,  thi 
coUossal  statuary,  and  the  lofty  Mansard 
roof.  The  central  hall,  12  ft  wide  by  50 
ft.  long,  leads  to  the  banking-room,  56  by 
00  ft,  and  40  ft  high  at  the  springing  of 
the  glass  and  iron  dome.  The  decoration 
of  the  walls  is  Pompeian,  and  the  effect 
of  the  warm  tints  is  pronounced  very  fine. 
At  the  4  comers  are  4  medallions  rep- 
resenting Art,  Science,  Industry,  and  Juji- 
tice.  The  wainscoting  is  5J  ft  deep,  with 
stiles  of  dove-colored  martle,  and  panels 
of  reddish  Tennessee  marble.  The  screeo 
is  of  bronze,  with  black  marble  shelTmi 
and  plate  glass  windows.  The  deaka  i 
counters  are  of  mahogany,  Tho 
cover  a  space  20  by  7  ft.,  and  are  13  ft 
high.  Tlio  room  is  warmed  by  a  wt&^m 
pipe  running  along  the  bases  of  the  inter* 
nal  divisions,  and  a  number  of  Gold'a 
heaters.  On  3  sides  of  the  room  aro 
galleries  8  and  10  ft.  in  width;  from  1  of 
them  opens  the  book-room,  SO  by  0  ft; 
from  another,  the  directors'  room,  24  by 
17  ft,  decorated  like  tho  ban!dng-rooni« 
and  richly  fumisheit  On  the  right  of  the 
main  haU  is  the  bank  parlor,  48  by  20  ft, 
and  17  feet  high.  It  is  velvet  carpete<^ 
walnut-root    wainscoted,    Miurcoti  deoo* 
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rated  and  famished,  and  altogether 
princely.  The  space  on  the  other  side  of 
the  hali,  and  in  the  2d  story  of  the  front 
building,  is  divided  into  spacious  rooms 
for  other  banking  and  insurance  com- 
panies. 

The  safety  deposit  vault  in  the  base- 
ment of  the  building  is  built  of  granite 
Uocks  2  feet  thick,  and  contains  486  safes. 
The  foundations  of  it  form  a  mass  of 
masonry  49  by  24  feet  in  plan,  and  24  feet 
high.  The  front  foundation  wall  of  the 
bvulding  is  32  feet  deep  below  the  sidewalk, 
and  from  8  to  11  feet  thick.  A  3-horse  power 
raloric  engine  in  the  basement  forces  water 
05  feet  high  to  a  3,000  gaL  tank.  The  build- 
ing is  essentially  fire-proof.  The  floors 
are  iron  girders  and  brick  arches. 

The  building  cost  $700,000  ;  tlie  lot 
$350,000.  The  architect  is  Mr.  G.  H. 
Thomas ;  the  builder,  Mr.  G.  T.  Smith  ; 
the  carpenters,  Messrs.  Smith  &  True. 
The  statuary  is  by  Mr.  It.  R  Launitz. 


LOCOMOTIVES  FOR  HEAVY  GRADES. 

The  system  of  locomotives  for  the  Mont 
Gems  lUilway  is  thus  commented  upon 
in  "Engineering."  The  construction  of 
a  railway  over  Mont  Genis,  to  be  worked 
until  the  completion  of  the  great  tunnel, 
was  a  work  creditable  in  every  way  to 
English  enterprise  and  engineering  skill 
But  we  cannot  the  less  disapprove  of  the 
absurdly  complicated  system  of  locomo- 
tive power  employed  to  work  in  it. 

The  gradients  on  this  line  are  1  in  12, 
and  the  gauge  3  feet  7  inches.  Messrs.  Fell 
and  Alexander,  engineers,  have  respective- 
ly reinvented  and  worked  out  the  old 
Vi<crnoles-Erics.son-Sellcrs  system  of  mid 
»il  and  engines  with  gripping  wheels 
— a  scheme  as  needless  as  a  Hfth  wheel  to 
a  roach.  These  engines  have  frequently 
broken  down,  and  it  has  been  sought  to 
throw  the  discredit  upon  the  French 
makers,  MM.  Gouin  who  are  among  the 
▼cry  first  makers  in  France,  whoso  work 
—and  they  have  made  nearly  1,000  loco- 
motives— gives  no  trouble  on  other  lines. 

It  is  now  understood  that  a  totally  new 
rbss  of  engines  will  be  made  for  the 
Mont  Cenis  line  by  MM.  Cail  &  Co.,  the 
nninent  locomotive  constructors  of  Paris 
and  Lille.  The  horizontal  wheels  are  to 
he  CO '  nected  by  spur  gearing,  and  so  driven 
br  independent  cylinders;  whereas,  in 
tike    present  complicated    plan,    the    4 


coupled  driving  wheels  and  the  4 
gripping  wheels  are  worked  from  a  single 
pair  of  cylinders.  The  new  engines, 
which  have  been  designed  by  Mr.  J.  R. 
Crampton,  will  certainly  be  superior  to 
those  now  on  the  hne. 

But  our  authority  concludes  the  grip- 
ping wheels  and  mid  rails  unnecessary,  for 
the  following  reasons  :  Inclines  of  1  in 
18  J  had  been  regularly  worked  for  6  years 
on  the  Virginia  Central  Railway,  the  en- 
gines drawing  from  twice  to  three  times 
their  own  weight  behind  them.  Inclines 
of  1  in  10  had  been  worked  during  the 
winter  of  1852-53  on  the  Baltimore  and 
Ohio  Railway,  the  coupled  engines,  hav- 
ing the  whole  of  their  own  weight  avail- 
able for  adhesion,  dra^ving  a  load  equal 
to  their  own  weight  behind  them.  At  the 
opening,  too,  of  the  Mont  Cenis  Railway, 
last  summer,  the  engine  went  up  with  its 
train,  drawing  its  assigned  load  by  the 
adhesion  duo  to  its  own  weight,  the 
"gripping  wheels"  not  being  put  in  ac- 
tion at  all 

It  is  quite  certain  that  the  adhesion  of 
the  driving  wheels  on  a  clean  rail  is  often 
from  one-fourth  to  one-third,  and  in  some 
well-attested  cases  even  three-eighths  oi 
the  weight,  and  it  is  abundantly  capable 
of  proof  that  an  engine  or  steam  carriage, 
with  its  whole  weight  and  load  available 
for  adhesion,  can  ascend  inclines  of  1  in 
12  in  any  and  all  weathers. 


THE  NITKATE  STEEL 


Tlie  controversy  regarding  the  Heaton 
process  has  ovemm  the  columns  of  the 
engineering  press,  into  the  London 
"Times."  The  only  conclusion  we  are 
able  to  draw  from  the  great  mass  of 
matter  pubhshed,  is  that  Mr.  Heaton's 
claim  to  have  made  soft,  uniform^  homo- 
geneous rails  and  bars,  without  remclting 
the  first  product  of  the  converter,  con- 
flicts with  the  chemical  possibilities  as 
we  now  understand  them.  Says  "En- 
gineering :"  The  highest  chemical  authority 
in  the  kingdom.  Professor  Miller,  has 
analyzed  the  Heaton  metal,  from  samples 
taken  by  himself  direct  from  Mr.  Heaton's 
converters  and  rolling  mill,  and  has  found, 
as  was  to  have  been  expected,  numerous 
and  extensive  impurities,  which  unmis- 
takably indicate  not  only  a  variable,  but 
a  very  inferior,  if  not  worthless  quahty. 
One  sample  of  "  crude  steel "  had  almost 
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3  per   cent  of  impnritiea,  of  whicli   1.8 
per  cent,  were  carbon.     Another  samplo 
ol  thiB  steel  after  it  had  been  fiimplj  cut, 
piled,  heated,  and  rolled,  had  nearly  2 
per  cent  of  impurities  with  1  per  cent,  of 
carbon.     Any  bo- called  steel  made  from 
highly  phosphuretted  pig,  by  a  hasty  boil- 
,ing  over  nitrate  of  soda,   including   the 
incorporation  into  its  own  mass  of  a  lump 
of  cast-iron   at     the   moment  when   the 
[jntrato  floats   to  the   surface,   could  not 
libly  bo  expected  to  be  uniform   in 
"ity,  nor  could  it  be  expected  to  bo  of 
good  quality  in  any  case^     A  correspond- 
ent of  the  same  paper  says  :  The  second- 
ary or    resultant    product  obtained    by 
merely  cutting,  piling,  beating,  and  ham- 
mering while  in  a  spongy  state,  appears 
■  to  have  a  wonderfully  different  chemical 
composition,  one-half  of  the  carbon  being 
removed     This,  it  ia  tolerably  certain, 
would   not  bo  the  case   with   any  other 
BteeL     A  puddled  Bteel,  a  crueiblo  steel, 
or  a  Bessemer  steel  bar  contain  a  as  much 
and  no  more  carbon  than  the  bloom,  blister 
htii\  or  ingot  from   which  it   was  made. 
But  the  secondary  product  of  t]\6  Heat  on 
I      process,  although  it  is  asserted  to  con- 
B  tain  1  per  cent  of  carbon,  is  nevertheless 
V  pronounced  to  bo   "  malleable  iron  of  the 
finest  and   purest   quality,'*      As  to  the 
authorship  of  the  process,  the  authority 
first  quoted  says  i    Nor  is   Mr.   Heaton 
even  the  inventor  or  discoverer  of  the  use 
of  nitrate  of  soda  for  purifying  iron.     He 
^has  invented  merely  a  mode  of  using  it, 
^■whereby  it  was  kept  or  Kuppo5^d  to  be 
^kept  at  the  bottom  of  tho  metal  charge 
nntil  the  oxygen  of  the  nitrate  is  given  ofif. 
He  first  places  the  nitrate  in  tlie  bottom 
of  his  converter,  and  to  prevent  it  from  at 
once  floating  to  the  top  when  the  charge 
is  poured  upon  it,  he  fastens  it  down  by 
■&  cast-iron  plate  perforated  with  holes  to 
^jillow  the  melted  iron  to  obtain  access  to 
-Che  nitrate,  and  to  allow  tho  oxygen  thus 
evolved  to  rise. 

This  authority,  however,  does  not  at- 
empt  to  icrite  down  the  new  process, 
_  ant  farther  says  :  Mr.  Heaton  may  be 
g^xdtB  sure  that  his  expcrimenta  in  mak- 
l^ing  steel  from  common  brands  of  iron 
^^re  watched  with  the  greatest  interest, 
^«>*nd,  BO  far  as  the  iron  trade  is  concerned, 
^Mi^riU^^^^^^^»Bible  in  the 


the  value  of  the  iron  now  made  in  Grc*t 
Britain,  taking  the  value  of  his  profaned 
improvement  at  £2  10s.  a  ton  only  an 
4,OIK),000  tons.  His  mode  q£  f-  ---- 
melted  pig-iron  ia  much  more  exj  i 

than  puddling,  his  plant  is  inexptijHirv^ 
and  the  alleged  increase  of  value  of  iroa, 
treated  by  his  process  is  even  greater  " 
we  have  just  estimated.     A  report  to 
Austiian  government  by  Mr.  Fred,  Kohu 
takes  an  unfavorable  view  of  the  Heatoa 
process,     and    in    the  matter    of 
states  as  follows  :  The  difiference  between] 
the  price  of  phosphoric  pig-iron  and 
pig-iron  which  is  comparatively  free  froi 
Y/hosphoruB,   is  about  tho   samo   as   tii 
price  of  the  nitrate  of  soda;  it  is  thei 
fore   obviously  simpler  to  purchasd  ih 
dearer  pig-iron,   and  to  produce  refill; 
pure  steel  from  it,  than  to  puri^ 
inferior  pig-iron  in  a  certainly  very  in- 
complete  manner,  and  to  spend  for  thi 
chemicals  employed  for  thiii  puriticatioa 
the  whole  balance  derived  from  the  differ-, 
enco  in  the  prices  of  good  and  bad  pig- 
iron. 

The  point?  in  Mr.  Beasemor*s  letter  to 
the  London  "  Times  "  are  :  1st — Tlie  m- 
fcrcnce  to  bo  drawn  from  a  previous  oodh 
parison  of  Heaton's  and  Bessemer'a 
processes  in  the  "Times"  is  that  Mr. 
Heaton  can  by  his  process  produce,  from 
a  cheap  and  inferior  pig-iron,  steel  of  a 
similar  character  to  that  obtained  from 
more  expensive  raw  material  hx  the  Bes-] 
semer  process.  That  is,  however,  far  fro: 
l>eing  tlto  case,  for  Bessemer  steel  is  cast-' 
steel — that  is,  steel  made  into  a  perfectly 
homogeneous  mass  while  in  a  fluid  stat« — 
and  to  that  circumstance  alone  owes  iim 
;^cat  value  as  a  material  for  the  manu- 
facture of  railway  bars,  etc,  2d. — When- 
ever sohd  substances  are  converted  into 
gas,  a  vast  amount  of  heat  is  absorbed  and 
rendered  latent ;  henco  in  tho  Heaton 
process  so  much  heat  is  abstracted  from 
the  metal  in  generating  oxygen  gas  by  tlie 
decomposition  of  nitrate  of  soda  that  the 
metal  solidifies  while  in  a  state  of  me- 
chanical admixture  with  tho  sand  and 
soda,  and  thus,  instead  of  obtaining  fluid 
cAst-steel  by  his  process,  ^Ir.  Heaton  ob^^ 
tains  only  a  lump  of  spong3%  porous  metaU 
intermixed  throughout  with  shi^  and 
scoria,  and  havi^HirfiMa 
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of  more  than  double  that  of  the  ordinary 
paddling  prooesa.  3d — ^The  Heaton  cmde 
metal  may,  in  common  with  puddled-iron 
of  every  description,  be  made  into  cast- 
steel  by  resorting  to  the  old  and  costly 
Sheffield  process  of  melting  in  crucibles, 
a  process  which  consumes  about  3  J  tons 
of  coke  for  every  ton  of  metal  so  melted, 
tad  with  the  additional  cost  of  wages, 
cmciblea,  eta;  this  melting  process  alone 
Goets  from  iS5  to  iS6  per  ton.  Hence,  al- 
though Mr.  Heaton  starts  with  a  cheap 
{Mg-iron,  giving  him  an  advantage  of  20s. 
to  30a  per  ton  over  the  cost  of  the  Besse- 
mer raw  material,  he  nevertheless  employs 
ftir  the  conversion  of  1  ton  of  pig-iron  (ac- 
cording to  Dr.  Miller's  report),  no  less 
than  270  pounds  of  nitrate  of  soda,  which, 
at  the  present  market  price  of  15s.  per 
cwL,  is  equal  to  36s.  on  the  ton  of  crude 
iron,  thus  bringing  up  the  cost  of  the  ma- 
terials employed  in  making  1  ton  of  crude 
steel  by  the  Heaton  process  several  shil- 
lings per  ton  above  tne  cost  of  the  high- 
class  uron  used  in  the  Bessemer  process  ; 
and  we  must  add  to  the  cost  of  the 
Heaton  crude  steel  the  additional  cost  of 
£5  to  £6  per  ton  for  melting. 

In  Mr.  Heaton's  reply  the  points  are  : 
IsL — His  plant  is  very  cheap  compared 
with  Bessemer's.  2d. — The  cooling  effect 
Mr.  Bessemer  refers  to  is  far  outbal- 
anced in  his  own  process  by  the  cooling 
effected  in  his  converter  by  the  prodigi- 
ous volume  of  cold  air  forced  through  it 
for  from  20  to  40  minutes.  Which  will 
carrr  off  most  heat,  such  a  volume  of  air, 
or  the  o3[ygcn  evolved  from  224  pounds 
of  crude  nitrate  to  the  ton  of  steel  ?  3d. — 
Mr.  Bessemer  says  his  steel  is  a  solid 
homogeneous  mass,  entirely  free  from 
scoria  or  other  impurities,  whereas  mine 
is  not,  owing,  he  says,  to  the  "  mechani- 
cal admixture  with  the  sand  and  soda." 
This  is  not  the  case.  The  slag,  owing 
to  its  small  specific  gravity  and  to  its  ex- 
treme fluidity,  rises  to  the  surface  of  the 
molten  metal,  leaving  the  subjacent  steel 
free  from  sla^r  or  scoria.  It  is  not  the 
fact  that  sand  is  necessarily  employed  ; 
but  were  it  so,  the  proportion  of  alkali 
is  so  great  that  the  slag  lormed  would  be, 
and  is,  perfectly  liquid,  and  is  not  mixed 
in  any  sensible  quantity  with  the  mass  of 
steel  in  the  converter,  upon  which  it  floats, 
M  I  have  already  observed.  4th. — As  to 
the  statement  that "  Heaton  obtains  only  a 
lamp  of  spongy  porous  metal,  intermixed 


throughout  with  slag  and  scoria,"  he 
says  :  Steel  from  my  converters  passes 
at  once  either  into  my  patent  reverbera- 
tory  furnace,  or  into  a  furnace  of  Mr.  Sie- 
mens, and  is  kept  in  a  molten  state  and 
thence  run  into  ingots,  as  homogeneous 
and  to  the  full  as  good  as  Mr.  Bessemer's. 
Mr.  Bessemer  knows  that  his  own  steel 
has  been  proved  by  Mr.  Siemens  to  be 
greatly  improved  by  being  thus  kept  for 
some  time  in  fusion  after  it  has  been 
poured  out  of  his  converter  as  Bessemer 
crude  steeL  It  is,  therefore,  not  a  fact 
that  my  "  crude  metal  can  be  made  into 
cast-steel  only  by  resorting  to  the  old  and 
costly  Sheffield  process  of  melting  in  cru- 
cibles." 6th. — ^With  reference  to  the  ni- 
trate employed  :  But  the  circumstances 
under  which  the  experiments  of  Dr.  Mil- 
ler were  carried  on  were  purely  excep- 
tional, and  the  proportion  of  nitrate 
usually  employed  is  not,  as  Mr.  Bessemer 
states,  270  pounds,  at  a  cost  of  36s.,  but 
224  pounds,  at  a  cost  of  288.  6d.,  taking 
the  extraordinary  high  prices  of  nitrate 
that  at  present  prevail  Ten  per  cent,  of 
nitrates  is  all  that  I  have  found  necessary 
for  the  production  of  a  ton  of  steel  from 
inferior  brands,  and  considerably  less  than 
10  per  cent,  for  superior  brands.  6th. — 
As  to  quality,  Mr.  Heaton  says  :  I  have 
but  just  turned  out  40  tons  of  steel  rails 
direct  from  my  converter,  without  any  re- 
melting,  rails  of  a  fine  fracture,  neither 
"  fibrous  "  nor  "  laminated,"  but  quite  as 
homogeneous  as  Mr.  Bessemer's,  resisting 
the  ordinary  mechanical  tests  for  steel 
rails,  and  produced  at  a  cost  with  which 
no  Bessemer  steel  can  compete.  Further, 
such  orders  are  in  course  of  execution. 

To  which  Mr.  Bessemer  replies  in 
another  long  letter  to  the  "  Times,"  sub- 
stantially tins  :  Heaton's  apparatus  is  less 
perfectly  developed,  and  therefore  less 
costly,  but  10  per  cent,  on  the  cost  of  the 
Bessemer  apparatus  does  not  amount  to 
over  2s.  per  ton  on  the  steel  produced.  As 
to  the  cooling  action  of  the  air,  the  heat 
actually  produced  in  the  Bessemer  vessel 
is  the  most  intense  known  in  metal- 
lurgical operations.  That  the  Heaton 
metiil  is  not  produced  in  a  liquid  state, 
and  has  therefore  to  be  melted  by  an- 
other operation,  in  order  to  be  as  sound 
and  valuable  as  Bessemer's,  viz.,  sited,  is 
officially  stated  by  Dr.  Miller  in  his  re- 
port, and  by  Mr.  Heaton.  The  former 
says,  the  product  of  the  converter  was 
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poured  on  the  floor  in  a  pasty  state,  and 
then  broken  up  and  melted  in  pots. 
Mr.  Heaton  mentions,  in  his  cost  Bheet, 
iL5,  10s.  per  ton  for  rcmelting  in  cruci- 
bles. He  also  told  Mr.  Bessemer,  as  a 
-  reason  why  he  should  not  be  proceeded 
'  against  as  an  infringer  of  the  Bessemer 

Stents,  that  ho  did  not  i>roduce  ingots  of 
id  steel  by  his  (Heaton's) process.  Mr. 
Bessemer  admits  that  his  own  process 
could  not  make  good  steel  from  Cleve- 
land iron,  but  states  that  the  65s.  and  70s. 
pig  that  he  does  use*  makes  cheaper  st-eel 
than  the  cheapest  Cle%  eland  pig  -|-  28s. 
per  ton  for  nitrates. 

As  to  the  invahtlity  of  the  Heaton  pa- 
tents for  the  use  of  nitrates,  Mr»  Bessemer 
replica  at  great  length,  citing  some  old 
patents;*  and  stating  that  he  was  himself 
the  fii'st  to  make  steel  by  purely  chemical 
means — by  simply  passing  oxygen  tlirough 
the  molten  ii'on  without  the  uso  of  fuel, 
and  that  his  patents  claim  the  use  for 
this  purpose,  of  any  oxygen-bearing  sub- 
stance. Mr.  Bessemer  says  he  has  recent- 
ly obtained  patents  for  means  of  using 
tno  nitrates,  in  order  to  protect  himBtili 
from  fartlicr  inroads  by  Mr,  Heaton. 

Some  tests  have  recently  been  made  by 
Mr.  Kirkaldy  on  a  steel  said  to  be  Hea* 
ton*8,  the  result  being  ver^^  uniform,  and 
showing  23  tons  tensile  strength  and  20 
to  28  per  cent,  elongation  in  breaking. 
Mr.  Hcaton  states  that  a  remelted  tool 
steel  in  one-half  inch  bars,  from  very  im- 
pure Cleveland  pig,  stood  above  53  tons. 
Some  of  the  London  authorities  do  not 
believe  that  these  tests  were  made  on  the 
Heaton  st^el.  Mr.  Heuton's  statements 
conflict  with  other  statemcnta  previously 
,  nuliUshed  by  witnesses  of  the  process,  and 
107  the  analyst  of  the  product.  Until  the 
doubts  thus  thrown  upon  the  process  are 
explained  away,  it  is  impossible  to  believe 
that  Mr.  Heaton  has  as  yet  made  any 
great  advance  in  the  manufacture  of  cheap 
iron  and  steel.  We  do  not  think,  how- 
ever, with  some  of  our  contemporaries, 
that  the  process  is  of  no  value  becaust} 
ironm&kers  have  not  yet  taken  it  op. 
It  is  alno  possible  that  there  is  value  in 
the  nitrates  aa  purifying  agents.  If  so, 
tt  ^oold  appear  that  Mr.  Bessemer  s 
mode  of  appSjing  them,  described  in  the 
laat  atjinber  of  this  mjigazine,  is  more  rea- 
•OQable  and  hopeful  than  Mr.  Heaton*s. 


•s««Via 
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Ij^NOINEElUHO  IK  THE  i^IlSSISSIPFI  VaLLXX.— ] 
J     General  Roberts,  U.  S.  A.,  »et»  forth  1 
in  a  remarkublc  paper,  that  the  dyldiig^fJ 
the  Mississippi  i.s  obstructing  the  rrei 
laws  of  deltii  bottoms,  by  tmpt>4iij:r 
the  Gulf  the  material  that  if 
the  laud  would  im}»rove   its  ♦; 
raise  its  level.     He  proposes  to  f€*e4  lliel 
MiHNissippi  from  the  great  Lakes,  by  way  ' 
of  the  Rum  River  and  the  Illinois  liiv^, 
and   connecting  canals,  and  to  feed  ihb 
Ohio  from  Lake  Eiie,  by  way  of  the  Bea< 
vor  River. 


THE  MOXT  CESIS  TCNXl-X 

PROGRESS    OF    THE   WORK— EXOrNEKRDfO    Mi^ 
ncrLTIES — TUE   BORING   MACBTSHSI. 

Perhaps  no  work  ever  undertaken  by 
men  was  more  daring  than  the  attempt  to 
pierce  the  Alps  with  a  tunnel.  Nattu^ 
seems  to  have  up  reared  these  mighty 
barriers  as  if  with  the  design  of  ahoniiig 
man  how  weak  he  is  in  her  presence. 
Even  the  armies  of  Hannibal  and  Napo- 
leon seemed  all  but  powerless  in  the  facs 
of  these  vast  natural  fastnesses.  But  the 
barrier  which  man  had  scaled  of  old,  he 
has  now  imdertsken  to  pierce.  And  the 
work,  bold  as  it  seemed,  is  three  parts 
finished. 

The  Mont  Cenis  Tunnel  was  sanetioiifd 
by  the  Sardinian  governmint  in  1857, 
and  arrangements  were  maile  for  tixitig 
the  perforating  machinery  in  the  jemtn 
1858  and  1859.  But  the  work  was  not 
actuallv  commenced  until  Xovcmben 
18G0.  The  tunnel^which  will  lie  fully 
7J  miles  in  length — was  to  be  eoni- 
pfeted  in  25  years.  The  entrance  to 
the  tunnel  on  the  side  of  France 
is  near  the  little  village  of  Four- 
neau,  and  lies  n,94G  feet  above  the  levrl 
of  the  sea.  llie  entrance  on  the  side  of 
Italy  is  in  a  deep  valley  at  BardonecJie,  and 
lies  4,380  feet  above  the  sea  level  Thus 
there  is  a  difTerence  of  level  of  434  feef. 
But  the  tunnel  will  actually  rise  445  foiH 
above  the  level  of  the  French  en*!,  nt- 
taining  its  height  at  a  distance  of  about  4  1 
miles  from  that  extremity  ;  in  the  remain-  ^ 
ing  3J  milts  there  will  l>e  a  fall  of  only  10 
feet,  so  that  this  part  of  the  line  will  be 
practically  level. 

The  rcK;ks  through  which  the  exeaTA- 
tions  have  been 
pwi  very  diffi* 
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eonsist  of  erystalized  calcareous  schist, 
much  broken  and  contorted  ;  through 
this  rock  ran  in  every  direction  large 
uasaes  of  pure  quartz.  The  perforating 
machines  are  calculated  to  work  best 
when  the  resistance  is  uniform  ;  and  it 
has  often  happened  that  the  unequal  re- 
nstance  offei^  has  resulted  in  injury  to 
the  chills. 

Bat  before  the  work  of  perforating  be- 
gan, enormous  difficulties  had  to  be  con- 
tended with.  It  will  be  understood  that 
iQ  a  tunnel  of  such  Tost  length,  it  was 
necessary  that  the  perforating  processes 
carried  on  from  the  two  ends  should  be 
directed  with  the  most  perfect  accuracy. 
It  has  often  happened  in  short  tunnels 
that  a  considerable  but  not  fatal  want  of 
coincidence  has  existed  between  the  two 
halves  of  the  work,  but  in  the  Mont 
Cenis  tunnel  any  inaccuracy  of  dii*ection 
would  have  been  fatal  to  the  success  of 
the  work,  fdnce  when  the  two  tunnels 
should  meet  it  might  be  found  that  they 
were  laterally  separated  by  two  or  three 
hundred  yarda  Hence  "it  was  neces- 
■ary,"  says  the  narrative  of  the  official 
sorvcy,  "  to  prepare  accurate  plans  and 
flections  for  the  determination  of  the 
levels,  to  fix  the  axis  of  the  tunnel,  and  to 
'  set  it  out'  on  the  mountain  top  ;  to  erect 
observatories  and  guiding  signals,  solid, 
substantial,  and  true." 

When  we  remember  the  nature  of  the 
passes  over  the  Cenis,  we  can  conceive 
the  difficulty  of  setting  out  a  line  of  this 
sort  over  the  Alpine  range.  The  necessi- 
ty of  continually  climbing  over  rocks, 
ravines,  and  precipices  in  passing  from  sta- 
tion to  station,  were  as  nothing  when  com- 
pared with  the  difficulties  resulting  from 
the  bitter  weather  experienced  on  those 
rugged  mountain  heights.  The  tempests 
which  sweep  the  Alpine  passes — the  ever- 
remrring  storms  of  rain,  sleet,  and 
driving  snow,  are  trying  to  the  ordinary 
traveller ;  how  terribly  they  must  have 
interfered  with  the  delicate  processes  in- 
volved in  surveying.  It  often  happened 
that  for  days  together  no  work  of  any 
sort  cotdd  be  done,  owing  to  the  impossi- 
bility of  using  levels  and  theodolites.  At 
length,  however,  the  work  was  completed, 
and  that  with  such  success  that  the  great- 
est deviation  from  exactitude  was  less 
than  a  single  foot  for  the  whole  length  of 
seven  and  a  half  milea  Equally  remark- 
able and  extensive  wore  the  labors  con- 


nected with  the  preparatory  works.  New 
and  soUd  roads,  bridges,  canals,  maga- 
zines, workshops,  forges,  furnaces,  and 
machinery  had  to  be  constructed  ;  resi- 
dences had  to  be  built  for  the  men,  and 
offices  for  the  engineers ;  in  fact,  at  each 
extremity  of  the  tunnel  a  complete  estab- 
lishment had  to  be  formed. 

According  to  the  latest  advices  the  work 
proceeds  at  a  rate  fully  equalling  the  origi- 
nal expectations  of  the  engineers.  Of 
12,220  metres — the  total  length  of  the 
tunnel — no  less  than  8,958  have  been  com- 
pleted. It  is  hoped  that  the  remaining 
3,262  metres  will  be  completed  early  in 
the  year  1871. — Railway  Record, 

With  regard  to  the  machines  used  in 
driving  the  tunnel,  each  is  formed  of  a 
pair  of  bars,  about  6  feet  long,  having  be- 
tween them  the  3-inch  cylinder  by  the  pis- 
ton of  which  the  boring  tool  is  actuated. 
The  cylinder  is  not  fixed  to  the  frame-bars, 
but  is  capable  of  sliding  on  them,  motion 
being  given  to  it  by  a  large  worm  at  its 
hind  end,  which  gears  into  racks  formed 
on  the  inner  sides  of  the  frame  bars.  The 
cylinder  is  3  inches  in  diameter,  and  its 
piston  has  a  rod  aboiit2inchesin  diameter, 
there  being  thus  but  a  comparatively  small 
annular  area  on  the  front  of  the  piston  on 
which  the  air  continually  presses.  At  the 
hind  end  of  the  frame-bars  of  the  machine 
is  placed  a  miniature  engine,  worked  by 
compressed  air  —  this  engine  driving, 
through  a  bevel  gear,  a  square  shaft, which 
extends  nearly  the  whole  length  of  the 
machine  above  the  boring  cylinder.  This 
shaft,  by  means  of  a  cam,  drives  the  slide- 
valve  of  the  boring  cyhnder,  and  also  gives 
intermittent  rotary  motion  to  the  tool,  and 
also  the  necessary  advance  to  the  cyhnder 
as  the  hole  is  bored.  By  an  ingenious 
aiitomatic  device,  the  worm  is  thrown  out 
of  gear  when  the  cylinder  cannot  advance 
by  reason  of  the  hardness  of  the  rock. 
Each  boring  machine  weighs  about  G 
cwt.,  and  as  the  wear  and  tear  to  which 
they  are  exposed  is  very  severe,  it  is  found 
necessary  to  keep  from  three  to  four  ma- 
chines in  reserve  for  each  one  at  work. 

The  boring  bars  are  of  various  forms  and 
diameters.  The  Z  and  double  Z  or  crown 
borers  are  those  most  used,  but  for  some 
kinds  of  rock  other  forms  are  found  prefer- 
able. The  holes  are  generally  about  IJ 
inch,  in  diameter.  In  working  through 
some  of  the  very  hard  quartz  it  was  found 
that  the  shots  flew  back  from  the  ordi- 
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nary  boles  without  produciDg  any  disrup- 
tive effect  on  the  rock^  and  the  phm  was 
therefore  adopted  of  first  boring  seYeral 
holes  4  inches  or  5  inches  in  diameter,  and 
then  disposing  some  ordinary  holes  round 
these.  ^Vhen  the  charges  in  the  ordinary 
holes  were  fired,  the  portions  of  the  rock 
between  them  and  the  central  hole  were 
blown  out»  and  a  cavity  thus  formed, 
around  which  other  shot  holes  were  bored. 
The  borers  used  for  the  4-inch  and  5-inch 
holes  are  of  similar  form  to  small  or  bars, 
and,  like  them,  they  are  worked  by  the 
boring  machines,  but  at  a  slower  speed- — 
Mining  JournaL 

The  Une  is  now  worked  by  a  temporary 
railway  (refened  to  in  another  column) 
over  the  mountiiin.  This  road  is  48  miles 
long,  passing  over  a  summit  nearly  G,000 
feet  above  the  sea,  and  has  long  stretches 
of  gradients  of  1  in  1*2,  and  curves  of  two 
chains  radiua  The  gixnge  is  3  feet  7| 
inches. 


MCOMOTIYES  OF  THR  METUOPOLITAH 
KAILWAY. 

Verr  different  types  of  engines  are  re- 
quired on  the  various  lines  in,  about, 
and  under  London,  but  the  contlitiona 
do  not  seem  to  have  been  equally  well 
met  by  the  different  locomotive  superin* 
tendenta  On  the  North  London,  the  \niS' 
senger  business  is  large,  but  tlie  goods  traf- 
fte  is  immense.  Trains  weighing  over  400 
tons  are  frequently  run  witli,  and  compel- 
led to  keep  out  of  the  way  of  passenger 
trains.  All  the  new  engines  are  designed 
to  work  goods  and  passenger  traffic  alike, 
and  they  are,  therefore,  of  the  most  power- 
ful class,  weighing  43  tons,  and  fitted  with 
17-inch  cyhnders,  2i-inch  stroke,  and  car- 
ing 160  pounds  pressure.  They  perform 
their  duties  admirably,  and  it  is  difficult 
to  see  how  they  could  be  improved  upon, 
Thft  engines  of  the  underground  rail- 
way have  the  Bissell  bogies*,  which  appear 
to  answer  their  purpose  vei-y  well. 
Whether  it  is  or  is  not  possible  to  dis- 
pense with  lK>gie8  it  is  not  easy  to  say, 
i\s  the  underground  line  affords  very  con- 
dieting  testimony.  The  engines  of  the 
Midland  Company,  to  work  their  city 
traf^c,  are  very  similar  to  the  standard 
.  ^rpe,  with  the  exception  that  they  have  6 
1  instead  of  8  wecls;  but  their  use  has 
been  protested  against  by  the  cnginoers 
of  the  Metropolitan  line,  on  the  ground 
that,  owing  to  the  comparativoly  long  and 


rigid  w^heel  base,  ihej  injure  the  pennft* 
nent  way-  On  the  other  hand,  Mr.  Foir* 
ler  designed  0  coupled  engines  wiUiimt 
bogies  to  work  the  St  John*s  Wood  traffic, 
frojii  which  we  gather  that  he  did  not 
deem  a  flexible  wheel  has©  essential;  th«i^ 
engines,  however,  are  more  often  famj4 
standing  in  their  shedB  th&n  ruuiiing. 
The  Great  WesttTu  Company,  too,  haie 
introduced  C  coupled,  4-feet  broad  gaug6 
drivers  without  Ixjgies,  which  work  regu- 
larly and  give  satisfaction.  All  the  engines 
we  have  named  are  remarkable  for  the 
faeihty  with  which  they  start  their  train* 
and  the  shortness  of  the  distance  within 
which  they  attain  their  maximum  velocity. 

The  Metropohtan  BxtenHioQ  is  w^orkt'd 
by  3  chfferent  types  of  engines.  One  clasn, 
weighing  33  tons,  has  6  wheels,  4  coupled, 
IG-ineh  cylinders,  22'inch  atrok/*,  and  5 
feet  G  inch  drivers.  The  trailing  whecla 
are  placed  diiectly  under  a  large  tank, 
and  fitted  with  Mr.  W.  B.  Adama'  radial 
axle  boxes.  Theue  engines  are  used  ahko 
by  the  Great  Northern,  and  Uie  Loudon, 
Chatham,  and  Dover  Company.  Both 
classes  are  run  with  either  end  leading, 
and  for  this  kind  of  work  ther  are  not 
the  best.  The  radial  axle  box  Is  not  weU 
adapted  for  leading  wheela,  and  the  en- 
gines oscillate  very  much  when  running 
tank-end  fti*st  A  gi*eater  defect  hes  in 
the  fact  that  the  tanks  are  bo  high  tlmt 
the  drivers  cannot  see  over  thenau  Tina 
latter  evil  was  felt  so  severely  in  the  case 
of  the  London,  Chatham,  and  Dover  en- 
gines, that  Mr.  ^Iai*tlcy  has  recently  cut 
1  foot  or  18  inches  off  them  with  great  ad* 
vantage. 

The  next  type  of  engine  has  side  tanks 
and  G  wheels,  4  being  coupled  with  15* 
inch  cylinders,  22*inch  stroke,  and  5  feet 
C  inch  drivers.  They  are  good  little  en- 
gines* run  steadily,  and  cost  little  for  re- 
pairs; thjinks  principally  to  the  consider- 
able dimensions  given  to  the  machinery, 
which  is  unusually  heavy  in  proportion  to 
the  diamett*r  uf  the  cyh'nders. 

Lastly,  the  Metropolitan  Extenaion  is 
worked  by  small  tank  engines  with  out- 
side cylinders,  15  inches  diameter,  and  22- 
inch  stroke;  6  wheels,  4  coupled,  and 
Beattic^s  patent  boiler  and  fuel-heating 
apparatus^  Tlioy  are,  in  some  respects, 
the  best  engines  on  the  lino.  Tliough 
small,  they  get  away  quickly  with  their 
trains,  make  an  abundance  of  steam,  athI 
are  essentially  moro  *' lively"  than  any  of 
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iheir  riyalii.  NoDe  of  these  engines  ap- 
peaTy  howcTer,  to  be  the  best  that  could 
be  adopted  in  working  this  line;  they  are 
aU  too  large  and  heavy  for  the  slow  speed 
adopted  on  this  line.  With  the  exception 
of  short  inclines  at  the  ends,  the  road  is 
nearly  level,  and  according  to  modem  no- 
tions, without  expressively  sharp  curves. — 
The  Engineer. 


AOCUML^UTOR  COTTON  PRESS. 

papv  bj  lir.  BBldwlB  IaUuid,  read  before  the  So- 
ciety of  li^kfineerB,  Doc.  T. 

"While  the  cotton  culture  in  India  was 
m  its  infancy,  the  quantity  produced  was 
too  small  to  create  a  demand  for  any  spe- 
cial baling  apparatua  Machines  were 
sent  out  from  England,  but  they  were  of 
a  Tery  primitive  kind.  Screw  presses, 
■omething  like  those  used  for  making 
cheese,  were  contrived.  The  next  step 
was  to  work  the  vertical  screws  by  bevel 
gearing  and  a  vnnch.  Then,  as  the  cot- 
ton trade  grew  in  importance,  there  was 
devised  a  number  of  inventions  and  con- 
triTonces,  some  by  engineers  and  others 
by  the  cotton  growers,  whose  ingenuity 
WBa  stimulated  by  necessity.  Levers, 
screws,  and  wedges  were  tried  alone  and 
in  combination.  The  use  of  hydraulic 
pressure  naturally  suggested  itself  for 
trial,  but  it  was  not  very  successful;  no 
Tory  great  power  was  obtained,  and  the 
process  by  pumping  was  slow.  Gradually, 
improvcmouts  were  made  in  the  lever 
presses,  and  these  were  generally  preferred. 
Some  of  them  may  be  mentioned.  A  Mr. 
McComb  took  great  pains  to  make  a  good 
baling  machine,  and  patented  several  of 
his  improvements.  His  cotton  was  forced 
up  by  two  compound  levers,  drawn  to- 
gether by  a  chain  worked  by  hand  or 
steam. 

Mason's  press  had  somewhat  the  same 
principle  of  levers,  but  was  worked  in  a 
different  veay.  A  horizontal  engine  drove 
2  machines,  the  crank-shaft  running 
right  and  left  from  the  engine.  By  gear- 
ing, a  shaft  parallel  to  the  crank  shaft 
was  driven  at  a  reduced  speed,  and  by 
means  of  right  and  left-hand  screws  on 
these  shafts  2  powerful  levers  were 
drawn  tocfeth<»r  and  forced  upwards 
against  the  follower  of  the  cotton  box. 
Both  these  presses  are  still  in  favor,  and 
are  used  in  considerable  numbers.  Hod-  ^ 
gart's  press  embodies  a  very  ingenious ' 


combination  of  hydraulic  and  lever  pow- 
ers. The  process  by  pumping  being  in 
ordinary  presses  slow,  it  was  here  endea- 
vored to  reduce  the  quantity  of  water  ne- 
cessary to  be  pumped  by  having  a  ram  of 
small  area,  and  by  multiplying  the  power 
so  gained  by  the  levers.  This  press,  at  its 
usual  rate  of  speed,  will  pack  10  bales 
per  hour,  and  it  is  possible  to  do  14;  but 
this  is  too  severe  labor  for  the  men.  At 
the  time  of  the  Abyssinian  expedition,  hay 
was  packed  for  the  troops  at  the  rate  of 
16  bales  per  hour;  but  this  was  an  excep- 
tional and  extraordinai7  speed. 

The  Bombay  Press  Company  uses  Nas- 
myth's  press,  which  is  one  of  the  best 
that  has  yet  been  invented.  The  press- 
ure is  eflFected  by  3  hydraulic  rams  placed 
side  by  side.  At  me  beginning  of  the 
stroke,  while  the  cotton  is  in  a  pliable 
state,  the  power  is  applied  by  1  cylin- 
der only.  Towards  the  end  of  the  stroke, 
the  other  2  rams  are  also  set  in  motion, 
the  2  cylinders  having  been  filled  with 
water,  so  as  to  save  time  in  pumping  when 
the  power  is  applied  to  them. 

Tnere  are  in  America  a  vast  number  of 
inventions  for  all  processes  connected 
vnth  cotton.  Levers  and  screws,  hydrau- 
hc  and  steam  pressure,  have  been  com- 
bined in  many  different  ways,  and  with 
varying  success.  Wood  is  more  used  in 
America  than  in  England  in  the  construc- 
tion of  machines,  and  machines  so  made 
would  not  probably  find  favor  elsewhere. 
Very  likely  English  machines  would  be 
condemned  there.  As  one  of  the  incid- 
ents arising  out  of  the  war,  when  the 
Southern  ports  were  shut  out  from  the 
rest  of  the  States,  the  blockade  runners 
took  over  English  made  presses,  and 
among  others  some  of  McComb's,  but  they 
found  no  purchasers.  Every  other  detail 
of  cotton  packing  is  studied  by  inventors 
in  the  States,  and  the  correspondent  be- 
fore referred  to,  says  that  there  are  some 
fifty  different  patents  even  for  modes  of 
fastening  the  baling  hoops. 

Mr.  George  Ashcroft  has  patented  a 
machine  in  which  he  obtained  the  power 
of  hydraulic  pressure  combined  with  ra- 
pidity. The  first  and  easy  pressure  on 
the  cotton  was  rapidly  effected  by  a  steam 
piston,  only  the  final  and  severe  pressure 
being  given  by  a  hydraulic  ram.  This 
press  worked  satisfactorily,  and  would 
probably  have  been  pushed  to  success  by 
the  inventor  had  he  not  thought  of  some* 
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makers  of  hydraulic  presses  differed  from 
each  other  on  the  subject  Professor 
Bankine  gave  10  per  cent  of  the  total 
load  OB  the  amount  wasted  by  the  friction 
of  the  leathers,  but  the  whole  question 
has  been  most  successfully  investigated  by 
3Ir.  Hicks,  of  Bolton,  who  by  his  experi- 
ments, which  are  recorded  in  his  admira- 
ble little  treatise  published  last  year, 
proves  that  the  friction  of  the  leathers  on 
an  8-inch  ram  is  about^^  part  of  the 
total  load,  the  decimal  varying  from  .003 
to  .005  according  as  the  leathers  are  more 
cfr  less  worn,  and  weU  or  sparingly  lubri- 
cated. 

The  revolving  boxes  are  an  ingenious 
part  of  the  machine,  and  by  their  arrange- 
ment obviously  save  much  time.  Twenty- 
five  or  more  bales  can  be  packed  and 
hooped  per  hour.  In  Alexandria  the  ac- 
cumulator press  is  in  full  operation,  and 
at  Bombay  also  it  is  exciting  much  in- 
terest among  the  cotton  merchants,  some 
of  whom  are  now  in  treaty  with  a  view  to 
its  adoption  there. 


THE  Sl^  CANAL 


From  a  letter  to  the  London  "  Times," 
by  Captain  Macgregor,  of  canoe  "Rob 
Boy"  fame,  we  extract  the  following  in- 
teresting facts  and  impressions :  The 
Suez  Canal  Company  have  been  fourteen 
years  at  work  upon  their  gigantic  labor, 
and  they  annoimco  positively  that  the 
canal  will  be  opened  within  a  year  from  the 
pesent time  (November,  18G8).  Thecanal 
la  to  be  100  miles  long,  and  328  feet 
wide  (at  the  water's  edge).  The  depth 
throughout  will  be  26  feet  in  the  middle. 
The  direction  is  nearly  north  and  south, 
I  with  a  few  turnings,  but  no  locks  or 
bridges.  There  will  be  a  slight  tidal  cur- 
rent along  it,  but  no  one  can  say  at  what 
intervals.  Already  about  50  miles  of  the 
cut  is  filled  with  salt  water,  and  is  tra- 
versed daily  by  numerous  small  vessels 
and  some  steam-launches  and  mailboats. 
The  sensation  of  wonder  at  the  prodigious 
scale  of  the  operations  in  progress  in- 
creases day  by  day  as  one  moves  along 
what  seems  to  be  a  wide  river,  with  vil- 
lages on  the  banks  and  smoky  funnels  and 
white  sails  on  the  surface.  Of  this  50 
miles  many  parts  are  not  wide  enough  yet 
for  large  vessels,  and  only  a  smaU  portion 
is  excavated  to  the  full  depth.    The  re- 


mainder of  the  canal  is  more  or  less  dug 
out  While  some  parts  are  quite  dry, 
others  are  put  underwater  to  moisten 
the  sand;  others  have  great  blastings  of 
rocks,  and  one  long  section  of  20  miles 
has  to  wait  until  the  sea  is  admitted  into 
the  great  dry  basin  of  the  future  lake. 

The  dredging  machines  are  40  in  num« 
ber,  and  each  of  them  cost  j^0,000  (?). 
They  deUver  the  sand  to  barges  to  be  car- 
ried out  to  sea,  or  pile  it  upon  the  banks, 
in  some  places  to  a  height  of  50  feet.  The 
expenses  at  present  amount  toi£200,000 
every  month,  and  the  work  has  already 
absorbed  ^28,000,000  sterUng. 

Port  Said,  the  town  at  the  north  en- 
trance of  the  canal,  is  built  of  wood,  with 
wide,  straight  streets,  and  accommodates 
6,000  people  of  every  nation,  but  with  the 
Greek  and  Levantine  element  largely  pre- 
ponderating. The  two  long  piers  that 
form  the  harbor  are  made  of  blocks  of 
sand,  cemented  with  hme  (concrete) ;  each 
block  weighs  10  tons,  and  there  are  25,000 
of  them. 

Ismailia  is  a  pretty  town  half-way  along 
the  canal,  which  here  enters  the  Lake 
Timsah.  Here  the  Arabs  and  their  camels 
and  the  jackals  of  the  Desert  ai-e  along- 
side the  steamboats,  the  whirring  lathes 
and  sounding  forge-hammers  of  the  com- 
pany's workshops.  A  fresh-water  canal 
comes  hither  all  the  way  from  Cairo,  and 
then  branches  out  north  and  south  along 
the  whole  extent  of  the  salt-water  canal 
The  sweet-water  canal  is  already  a  bless- 
ing to  Egypt.  It  is  from  30  to  40  feet  wide, 
and  boats  with  all  sorts  of  cargoes  are 
towed  or  sail  through  it. 

During  one  day  a  violent  galo  swept 
across  the  canal.  To  look  at  tho  Desert 
was  to  SCO  a  vast  yellow  picture  of  men 
and  camels  dimly  floating  in  a  sea  of  sand 
without  any  horizon.  The  quantity  of 
sand,  whisked  from  the  plain  and  cast 
into  tho  canal-water  by  a  wind  like  this 
will  be  a  serious  matter  to  deal  with.  One 
ounce  of  sand  per  square  yard  amounts 
to  500  tons  on  tho  whole  canal,  and  the 
wind  sometimes  blows  in  this  way  for  a 
month  together. 

At  Chaloof  I  found  14,000  men  at  work. 
They  labor  very  hard,  indeed,  running  up 
tho  hill  with  baskets  of  sand  on  their 
heads.  About  1,000  donkeys  walk  in  long 
lines  with  neat  mat  baskets  on  their  back& 
In  curious  and  close  contrast  to  those  sim- 
ple carriers  the  mighty  power  of  steam  toils 
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imd  puffa  aa  it  hnrla  up  bugo  bnlks  of 
heavy  clay,  and  it  is,  perhaps,  only  in 
Egypt  one  could  see  human  and  anixnal 
power  exerted  in  snch  competition  with 
ateam  power.  The  Ltborers  are  sent  from 
ah  parts  of  Egyijt  They  must  come,  but 
they  are  highly  paid— from  2  franca  to  3 
francs  a  chiy.  Prices,  both  of  labor  and  of 
food,  have  risen  very  mnch  since  the  canal 
baa  been  begiin,  but  the  supply  of  fish  baa 
rapidly  increased.  The  salt  water  canal 
teems  with  fiBh. 

At  this*  the  Red  Sea  end,  tho  vrorks  of 
the  canal  seem  very  far  behind-  The  en- 
trance port  has  all  the  obstacles  of  a  shal- 
low mouth,  soft  and  shifting  sand  for 
bottom,  and  a  crooked  irregular  tide  ed- 
dying iibout  in  a  most  puzzling  way, 

'  When  the  pa^^sage  from  the  Mediter- 
^ranean  to  the  Red  Sea  is  open  to  the 
l^orld  it  is  intended  to  tow  vessels  through 
by  tuj:^  l>oat{4  working  along  a  chain  which 
lies  at  the  bottom  of  the  water.  Steamers 
iir«  not  tt>  bo  allowed  to  use  their  own 
paddles  or  engines  for  fear  of  damaging 
the  soft  sloping  banlcs  of  the  canal  by  the 
**wash"  thus  creatcnL  The  difficulty  of 
towing  a  vessel  of  2,000  tons  in  this  man- 
ner wheu  the  wind  presses  her  to  one  side 
is  an  objection  to  wliich  I  have  heard  no 
feasible  answer. 


THE  Italian  Tecihnioai.  Colleoe  of  com- 
me.'fe  is  now  organized,  and  will  be 
opened  immediately  under  the  direction 
of  Sign  or  Farrara,  a  distinguished  Sicil- 
ian gentleman,  lately  Minister  of  Public 
lustniction.  This  institution  is  chietly 
intended  for  young  men  destined  for  the 
Consular  sorvicQ  and  for  mercautilo  pur- 
suits. Tho  principal  languages  of  Em^opc 
and  the  Ea^t.  the  various  systems  of  banlt- 
ing,  tho  principles  of  commerce,  of  ex- 
change, of  book-keei>ing,  and  of  romraer- 
cial  law  will  be  taught  in  it  The  Ven- 
etian Provinces  contribute  toward  its 
maintenance  40,000  francs  a  year;  the 
city  of  Venice,  the  magnificent  Foscari 
r Palace  and  20,000  fruncs  a  year;  the 
^Chamber  of  Commerce,  8.000  franc!4i;  and 
the  Government,  10,000  francs. 


THE  KinBT  Re-VPER  Factory  of  D.  M.  Os- 
borne &  Co.,  Auburn,  N.  Y.,  cam- 
prises  8  large  buildings,  employs  1^00  men, 
and  tui-ned  oat  5,300  reapera  in  18(58, 


WOKKIKG  THE  SOUB  BATS, 

The  possibility — we  are  inclined  on  geo#- 
ral  principles,  to  say  the  probability — ol 
utihzing  the  direct  beat  of  tho  son,  m 
proposed  by  Capt  Ericsson,  im  thft 
grandest  acheme  tljat  science  has  pirft- 
sen  ted  to  man.  It  should  almost  appear 
that  the  Creator  has  laid  up  a  httle  con* 
densed  heat  in  the  coal  mines  for  our  Ofte 
during  our  school-time ;  a  littlo  con^ 
densed  milk  for  our  babyhood  in  science ; 
and  that  when  we  are  grown  and  learned, 
we  shall  draw  power  from  its  original 
fountain-  The  facts  regarding  the  heat 
of  the  sun,  as  quoted  and  developed  by 
Capt  Ericsson,  together  with  the  re- 
cently acquired  and  eqnally  startling 
knowledge,  that  our  garnered  stores  of 
power  are  not  as  eterntil  as  tho  bills,  render 
such  a  conclusion  reafionable  and  hopefoL 

Capt.  Ericsson  has  not  vet  told  ns 
how  he  concentrates  the  solar  rays,  but 
promises  to  do  so  in  due  time  ;  menu- 
while,  the  experiments  and  condamoBii 
referred  to  are  interesting  and  may  be 
thus  briefly  stated. 

Sir  John  Herschers  experiments  relat- 
ing to  Bokr  heat,  were  conducted  at  the 
Cape  of  Good  Hope.  His  apparatus  con* 
sistod  of  a  tin  vessel  3  j  inches  diameter, 
2}j  inches  deep,  open  at  tho  top,  and  par- 
tially filled  with  water  darkened  with  ink- 
This  was  exposed  to  the  immediate  action 
of  the  rays  of  the  sun  in  a  stationary  posi- 
tion for  10  minutes.  The  amount  'o!  ra- 
diant heat  communicated  was  deduced 
from  tho  increase  of  temperature  of  the 
wnter  during  the  10  minutes*  exposure  to 
tho  oblique  rays.  Owing  to  changae  ill 
the  atmosphere,  the  elevation  of  temper- 
ature was  not  quite  aliko  at  each  triaL 
Adopting  the  mean»  he  calculatea  tbat« 
near  tho  earth*s  surface,  the  energy  of 
the  sun  is  such  that  tho  radiant  heat  in 
capable  of  melting  an  inch  thickness  of 
ice  in  2  hours,  12  minutes,  42  seconds. 

M,  Pouillet's  experiments  relating  to  wy- 
Ir.r  heat,  like  those  of  Sir  John  Hersciiel, 
had  reference  only  to  very  low  t^in- 
poratures,  the  range  of  the  thermometer 
scarcely  reaching  (JOo  C.  The  apparatus 
ho  employed  was  very  similar  to  that 
of  HerscheL  It  consisted  of  a  cylindrical 
vessel  of  silver,  1  decimetre  in  diameter 
and  15  milliraotres  in  depth  ;  but  being 

Erovided  with  a  close  top.  it  admitted  of 
eing  fuUy  charged  with  watoTj  bosidos 
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admittin£^  of  an  inclined  position,  which 
permitted  the  rays  to  act  perpendicularly 
on  the  bhickened  metallic  surface.  The 
disadvantages  attending  oblique  action, 
not  to  mention  the  intricate  question  of 
evtg)oration  during  the  trial,  were  thus 
aToided.  A  thermometer  was  inserted  in 
the  floid,  and  means  provided  for  proper 
agitation  during  the  trial  The  exposure 
to  the  son  was  limited  to  5  minutes,  and 
the  elevation  of  temperature  during  that 
brief  time  formed  the  basis  of  all  lus  cal- 
culations. 

These  experiments,  although  interest- 
ing, are  not  satisfactory,  as  they  deal  with 
few  temperaturea  The  purpose  of  Capt. 
Ericsson,  on  the  other  hand,  has  been 
to  ascertain  what  amount  of  heat  can  be 
develox>ed  at  the  high  temperature  ob- 
tained by  concentrating  the  solar  rays, 
viz.,  bringing  their  power  to  bear  on  a 
reduced  sur^e,  and  to  devise  the  most 
efficient  means  for  effecting  such  a  con- 
centration of  the  radiating  heat  His 
experiments  made  under  temperatures 
varying  between  212^  and  480^,  and  con- 
tinued during  nearly  a  year,  tend  to  show 
that  the  problem  cannot  be  solved  by  5 
and  10  minutes'  trials  restricted  to  tem- 
peratures some  half-dozen  degrees  above 
that  of  the  atmosphere.  The  results  re- 
corded by  Pouillet,  reveal  discrepancies 
pointing  to  atmospheric  influence,  which, 
when  properly  understood,  will  modify 
the  conclusions  hitherto  so  confidently 
drawn. 

Regarding  the  main  result  of  the  in- 
vestigations of  Herschel  and  Pouillet 
there  can  be  no  doubt  A  body  present- 
ing a  square  foot  of  surface  perpendicu- 
larly to  the  sun  at  noon,  during  summer, 
will,  under  favorable  circumstances,  re- 
ceive about  5  units  of  heat  per  minute. 
This  fact  Capt  Ericsson  has  fully  proved 
by  concentrating  the  radiant  heat  of  sun- 
beams of  various  sections  from  G50  to 
6.180  square  inches,  hence  fully  500  times 
more  powerful  than  the  sunbeams  to  which 
the  "  actinometer  "  and  "  pyrheliometer  " 
have  been  exposed. 

Investigations  conducted  only  during 
the  Bummcr  being  insulBcient  to  settle 
the  important  question,  Capt  Ericsson 
is  making  a  series  of  experiments  this 
winter,  with  instruments  so  contrived 
that  the  loss  of  heat  by  radiation  will  be  ; 
almost  inappreciable.  It  is  hoped,  there-  - 
foro»  that  a  satisfactory  explanation  of 


existing  discrepancies  will  be  furnished. 
In  order  to  facilitate  these  investigations, 
a  small  observatory  has  been  erected  over 
a  building  some  60  feet  above  ground, 
turning  on  a  pivot  by  mechanism  resem- 
bling that  of  a  monitor  turret.  Still  fur- 
ther to  facilitate  the  work,  the  tables  which 
support  the  instruments  have  been  pro- 
vided with  mechanism  by  which  they  are 
kept  perpendicular  to  the  central  ray  of 
the  Sim  during  the  expeidments. 

Capt.  Ericsson's  conclusions  as  to  the 
power  of  the  sun's  rays  are  as  follows: 
At  the  high  temperature  requisite  for  steam- 
engines,  the  heating  power  of  the  sun  on 
a  surface  of  10  feet  square  will  evaporate 
on  an  average  489  cubic  inches  of  water 
per  hour,  by  means  of  his  mechanical 
contrivance  for  eflFecting  the  necessary 
concentration.  This  evaporation  demon- 
strates the  presence  of  sufficient  heat  to 
develop  a  force  capable  of  lifting  35,000 
pounds  1  foot  high  in  a  minute,  thus  ex- 
ceeding 1-horse  power. 

The  mean  distance  from  the  centre  of 
the  sun  to  the  earth  being  214.44  times 
greater  than  the  radius  of  the  former,  it 
will  be  found  by  squaring  this  sum  that 
1  superficial  foot  of  the  sun's  surface 
must  heat  45,984  superficial*  feet  of  the 
earth.  In  other  words,  the  sun  on  an  equal 
surface  throws  off  45,984  times  more  heat 
than  the  earth  receives.  We  are  there- 
fore enabled,  on  the  strength  of  the  prac- 
tical result  now  positively  established,  to 
infer  that  an  area  of  10  feet  square  on 
the  Sim's  surface  dovelopes  heat  enough 
to  actuate  a  steam-engine  of  45,984-horso 
power,  demanding  a  consumption  of  more 
than  100,000  pounds  of  coaJ  every  hour. 
But  as  one-half  of  the  heat  convoyed  by 
the  solar  rays  is  lost  during  their  pass- 
age through  the  atmosphere  and  through 
the  apparatus  by  which  the  temperature 
is  elevated  to  the  necessary  high  degree, 
the  actual  development  of  heat,  on  the 
supposed  10  feet  square  of  the  surface 
of  the  sun,  will  therefore  equal  the  amount 
of  heat  generated  by  the  consumption 
of  200,000  pounds  of  coal  per  hour. 

In  pointing  out  what  amount  of  me- 
chanical power  may  be  obtained  by  oc- 
cupying a  Swedish  square  mile  with  solar 
engines,  Capt.  Ericsson  assumes  that  one- 
half  of  the  area  is  set  aside  for  necessary 
roads,  houses,  etc,  an  available  area 
would  remain  of  18,000x30,000=048,- 
000,000    superficial    feet  on    which    the 
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radiant  beat  might  be  concentrated.  His 
experiments  having  shown  that  the  con- 
centration of  the  soLir  heat  on  100  square 
feet  of  surface  is  more  than  sufficient  to 
develop  a  horse  power,  it  follows  that 
64,800  engines,  each  of  lOO-horse  power, 
may  be  kept  in  motion  by  the  radiant 
heat  of  the  sun  on  a  square  mile,  or  that 
the  sun's  rays  which  now  waste  their 
strength  on  the  house-roofs  of  Philadel- 
phia, would  be  able,  if  condensed,  to  set 
in  motion  5,000  steam-engines,  each  of 
20-horse  power. 

As  to  2)raotical  results  Capt  Ericsson 
says  :  It  is  true,  that  the  solar  heat  is 
often  prevented  from  reaching  the  earth. 
On  the  other  hand,  the  skillful  engineer 
knows  many  ways  of  laying  up  a  supply 
when  the  sky  is  clear  and  that  great 
store-house  is  opened  where  the  fuel  may 
be  obtained  free  of  cost  and  transporta- 
tion. At  the  same  time  a  great  portion 
of  our  planet  enjoys  perpetual  sunshine. 
Capt  Ericsson  had  at  the  beginning  of 
the  last  year  constructed  3  different 
motors,  called  9olar  enginat.  One  of  these 
is  actuated  by  steam  formed  by  the  con- 
centration of  the  heat  of  the  solar  rays, 
while  the  other  2  are  actuated  by  the 
expansive  force  of  atmospheric  air,  heated 
directly  by  concentrated  radiant  heat. 
Some  of  his  more  recent  exx>enmental 
engines,  the  working  cylinders  of  which 
vary  from  2  inches  diameter  to  5  inches 
diameter  w^ith  G  inches  stroke,  are  operat- 
ed by  atmospheric  air  heated  to  a  tem- 
perature of  480^  by  concentrating  the 
sun  s  rays:  others  are  operated  by  steam 
of  much  K>wer  temperature  generated 
likewise  by  concentrating  the  radiant 
heat  The  speeil  attoineil  has  in  no  case 
been  less  than  100  revolutions  per  minute, 
while  a  re^jular  and  continuous  rate  of 
300  revolutions  per  minute  has  been 
reached.  The  construction  of  these  ex- 
perimental enirines,  present  no  features 
of  speci-.ll  novelty.  The  mechanism,  how- 
ever, adoptevl  for  concentratin<r  and  trans- 
mittinc:  the  s^lar  energy  to  their  work- 
ing: pistoTi'*,  is  peculiar,  and  at  the  proper  ' 
time^  pljjis  and  descriptions  will  be 
published.  | 


T'heChableston  Phosphatcb. — ^The  "New 
York  Tribune  "  of  Dec.  19,  has  an  ex- 
haustive  article  on  the  history  and  utiliza- 
tion of  this  important  discovery.  The 
"fish  bed  of  the  Charleston  basin,"  so 
called  because  of  the  remains  of  marine 
animals  found  in  immense  quantities 
there,  crops  out  on  the  banks  of  the  Ash- 
ley river  near  its  mouth,  and  on  Tarions 
neighboring  rivers,  and  extends  inward 
40  or  60  mUes.  The  marl  or  conglome- 
rate of  this  basin  is  already  ascertained 
to  be  12  feet  deep  in  some  places,  and  to 
contain  as  much  as  67  per  cent  of  phos- 
phate of  lime  in  some  instancesL  Al- 
though its  existence  had  long  been  known, 
its  v^ue  was  not  ascertained  till  after  the 
war,  and  even  then  it  was  difficult  to  en- 
list Southern  capital  in  it  The  neeeasanr 
aid  was  obtained  in  Philadelphia,  and 
now  5  companies  with  ample  capital  are 
mining  the  rock,  and  manufacturing  the 
phosphates  for  agricultural  purpoeei^ 
The  credit  of  discovering  the  value  of  the 
deposit,  and  of  persistently  calling  atten- 
tion to  it,  seems  to  be  due  to  Dr.  N.  A. 
Pratt  of  Charleston. 


TEXPERATTBES  of  various  substances,  su- 
perheated steam  for  instance,  may 
often  be  conveniently  ascertained  by  the 
melting  points  of  alloy&  The  following 
are  the  fusing  temperatures  of  various 
alloys  of  lead  and  tin  : 
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8i  " 
10  •• 
14  •« 
19  " 
30  " 
48  •• 
55  " 
Linseed  cil  boils  al 
Lotd  melU  •!  319*. 
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CtaUgnie. 
213» 
221 
225 
SS33 
S41 
253 
263 
374 
275 


312.40*. 
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466 
4S4 
504 
624 
644 
653 


F^xcTLsiOR  M\cHm  WoRXS.  Chicago. — 
J  Those  works  employ  75  men  on  wood 
work  and  wood  workinir  machinory.  The 
principal  building  is  270 X^  ^^t 


^?  lows:  a  high  schooL  21  grammar,  and 
6  primary  schools,  which  are  pabhc;  also 
some  50  private  grammar  schools,  various 
Roman  Catholic,  medical  and  law  schools, 
and  the  Chicago  Universitr.  The  num- 
ber of  scholars  in  the  public  echools  in 
1867.  was  30.000.  the  total  cost  per 
scholar,  $23.84.  the  number  <rf  teachers 
401.  the  value  of  public  school  buildings 
$800,000. 
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OOMMCXICAnON  BETWEEN  ENGLAND  AND 
FRANCE. 

A  new  impolBe  has  been  giyen  to  this 
erer-reciirrmg  question,  by  Uie  fact  that 
a  French  port  was  recently  unable  to  give 
shelter  to  a  mail  steamer  bound  for  the 
shores  of  that  country,  and  which,  after 
beating  about  the  Channel  for  twelve 
honrsy  was  compelled  to  return  to  the 
harbor  from  which  it  started.  The 
Tarions  plans  put  forward  for  better  com- 
munication, are  classed  by  the  "'Mechan- 
ics' Magazine  "  under  one  of  three  heads 
— submarine,  transmarine,  and  superma- 
rine.  Under  the  first  are  included  the 
tunnel  and  the  tubular  projects,  the  dif- 
ference between  them  being  that  the  tun- 
nel whether  of  iron,  masonr^^  or  brick- 
work, must  be  placed  in  the  earth, 
idiereas  the  earth  must  be  piled  around 
and  cm  top  of  the  tube.  The  timncl 
must  be  excavated  or  laid  under  the 
earth;  the  tube  lies  along  the  surface 
omstituting  the  bed  of  the  Channel.  The 
olnect  of  the  covering  of  earth  over  the 
tabe  in  either  instance  is  the  same,  viz., 
to  preserve  the  top  from  being  injured  by 
ships*  anchors,  dredgers,  sunken  vessels, 
or  other  external  disturbances  Of  these 
two  methods,  the  tube  would  probably 
have  the  advantage  in  point  of  time,  but 
great  difficulty  would  attend  the  junction 
of  the  several  lengths.  The  transmarine 
classification  embraces  two  plans, — that 
cif  a  solid  embankmont  and  that  of  a 
gigantic  ferry.  A  sohd  embankment,  as 
it  must  l>e  sufficiently  high  to  be  above 
the  level  of  the .  greatest  wave,  partakes 
of  the  nature  of  the  third  class,  and  might 
also  with  propriety  be  termed  intrama- 
rine.  Tliis  plan  is  altogether  Utopian. 
Neglecting  aeru;l  meansof  transit,  abridge 
is  the  sole  representative  of  the  third 
<-:itegory. 

The  objections  to  the  tunnel  and  tube 
are,  the  unsubstanti.'d  character  of  the 
trfaeme,  the  complete  imcertainty  of  the 
time  to  be  occupied  in  its  construction, 
and  the  total  want  of  precedent.  Assu- 
ming tiiat  everything  proceeded  as  favora- 
My  as  possible,  it  would  take  nearly 
twenty  years  to  finish  the  job,  calculating 
that  the  rate  of  progress  could  not  be 
greater  than  that  at  present  obtained  at 
Mont  Cenis.  On  this  subject  "  Engineer- 
ing" says:  ''Setting  aside  the  difficul- 
tim  of   such   a  work,  the   inextricable 


complications  which  would  arise  between 
the  two  countries  in  the  event  of  the 
peaceable  relations  between  France  and 
England  being  interrupted,  and  the 
precarious  length  of  life  of  the  tunnel 
if  completed,  the  length  of  time  its  con- 
struction would  involve,  the  enormous 
outlay  of  capital,  and  the  enormous  loss 
upon  locked-up  money  lying  idle  during 
the  formation  of  the  work, — each  of  these 
reasons  is  sufficient  to  dispose  of  the  tun- 
nel question  forever.  Moreover,  during 
the  20  or  30  years  such  a  scheme  would 
require  for  completion,  the  necessities  of 
the  increasing  traffic  would  certainly  be 
satisfactorily  accommodated,  and  the  mil- 
lions expended  upon  the  tunnel  would 
have  been  literally  thrown  into  the  sea." 

The  ferry  scheme  of  Mr.  John  Fowler 
is  as  follows:  It  is  proposed  to  construct 
at  Dover  a  harbor  of  about  24  acres  ex- 
tent, protected  on  the  east  by  the  old 
pier,  and  on  the  south  by  a  new  pier  carry- 
ing a  railway.  A  suitable  harbor  would  be 
constructed  at  Calais  or  more  probably 
near  Cape  Griz  Nez,  where  there  is  deep- 
er water.  The  vessels  to  be  450  feet  by 
85  feet  over  all,  and  53  feet  beam,  and  to 
draw  12  feet.  The  engines  to  be  1,200 
nominal  horse-power,  and  the  speed  some 
20  miles  an  hour.  The  trains  are  to  be 
run  bodily  upon  the  boats,  as  in  the 
American  system.  Four  vessels,  costing 
iJ120,000  each,  are  contemplated.  Of  this 
scheme  the  "  Mechanic's  Magazine  "  says: 
What  is  required  is  a  connecting  Unk 
between  the  two  shores  which  is  totally 
independent  of  the  intermediate  barrier, 
and  this  result  is  manifestly  not  obtained 
by  the  agency  of  a  ferry.  It  is  an  altera- 
tion of  the  present  arrangement  in  degree 
only,  not  in  kind.  For  a  time  it  would 
be  considered  a  great  boon,  but  so  soon 
as  the  novelty  had  worn  off,  the  feeling 
would  arise  that  it  was,  after  all,  but  a 
makeshift — a  temporary  expedient — and 
we  should  return  to  the  reconsideration 
of  the  more  permanent  systems  now 
claiming  public  attention. 

Of  the  bridge  scheme,  the  same  author- 
ity says  :  Allowing  about  1,000  feet  for 
the  width  of  the  spaces,  they  would  be,  in 
round  numbers,  doubh^  those  of  the  Bri- 
tannia Bridge,  while  the  height  of  the 
piers  al)ove  high  water  would  be  but  a 
mere  trifle  in  excess  of  the  Britannia  piers. 
Every  engineer  will  admit  that  the  diffi- 
culty is  not  in  the  superstructure,  but  in 
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the  foundations  ;  but  from  the  result  of 
borinj^  I'eccutly  made,  the  substratum 
appears  to  be  favorable  to  their  being 
got  ill.  And  whatever  circumstances  of 
foundation  and  soil  favor  the  construc- 
tion of  a  tunnel,  are  doubly  advantageous 
to  that  of  the  bridj^e,  and,  consequently, 
if  no  difiiculty  is  to  be  experienced  in 
that  respect  for  the  tunnel,  the  argument 
against   the   difficidty  of  getting  in  the 

Eiers  falls  to  the  ground-  When  light- 
ouses,  constructed  entu-ely  of  iron,  and 
supported  upon  iron  piles,  have  been 
erected  far  out  at  sea,  it  is  absurd  to  talk 
of  the  f,*T»?at  and  almost  insuperable  diffi- 
culty <  »f  getting  in  foundations  elsewhere 
in  similar  Bituationa.  Besides,  it  would 
not  l>e  all  the  piers  that  would  give  the 
Game  degree  of  trouble,  but  only  those 
Bituated  remotely  ham  either  shore. 
Another  advantage  of  a  bridge  would  be 
that  its  construction  and  its  utihzation 
could  proceed  pari  pofisu^  and  there  would 
be  no  necessity  for  waiting  for  its  com- 
pletion, as  in  the  case  of  a  tunnel,  before 
ita  services  could  be  availed  of.  As  each 
saocoasive  span  commencing  from  the 
shores  was  finished,  it  could  be  used  aa  a 
jetty,  and  year  by  year  the  opposite 
coasts  would  be  in  closer  contiguity.  In 
adopting  the  project  of  a  biidge,  there  is 
not  the  slightest  necessity  for  departing 
fi'om  any  of  the  recognized  types  of  con- 
struction, either  in  the  sub  or  super- 
structure. 

The  proposal  lately  put  forward  by  a 
French  engineer,  Boutet^ — and  given  place 
t^  in  such  publications  as  the  "  Journal  of 
the  Society  of  Arts"  and  the  "  Pall  Mall 
Gazette" — the  scheme  of  floating  founda- 
tions and  spans  of  a  coiiple  of  miles,  is 
simply  a  chimera,  and  would  not  stand 
the  test  of  theoretical,  much  less  prac- 
tical analysis.  M.  Boutet,  says  **  Engin- 
eering,** **  proposes  to  cross  the  Channel 
from  the  Shakspeare  Clitf  to  Capo  Blanc 
Nez,  by  a  bridge  with  10  openings,  or 
clear  spans,  each  3,282  yards  long,  the 
platform  of  which  is  to  be  360  feet  above 
the  average  sea  loveL  He  proposes  to 
construct  his  9  iron  piers  upon  the  shore. 
to  float  them  into  place,  faHtening  them 
to  the  bottom  with  scrnw-pilea,  and  cov- 
ering the  structure  with  gutta-percha  to 
Srevent  the  adhesion  of  barnacles  and  the 
eierioration  of  salt  water.  And  he  pro- 
poses to  lay  out  the  course  of  the  bridge 
to  which  the  piers  are  to  be  hauled  ixnd 


sunk,  by  a  buoyed  rope,  stretched  from 
France  to  England.  From  thii  range  of 
stupendous  eumniita,  nearly  two  miles 
asunder,  lil.  Boutet  stretches  cables  2 
inches  in  diameter,  and  of  u-on,  not  steel ; 
from  30  to  120  of  these  cables  are  ranged 
vertically  20  inches  apart-,  the  larger 
number  over  the  piers  being  reduced  t<5 
the  lesser  in  the  centre  of  the  span.  The 
cables  are  woven  together  with  smallfcr 
diagonal  wire  ropes,  and  cast  iron  i« 
thrown  in  when  it  is  of  no  service,  b^ 
cause,  we  presume,  it  looks  well  in  tha 
drawing,  and  gives  an  air  of  security  to 
the  flimsy  web.  The  lower  side  of  thifl 
"tress,"  as  the  projector  terms  it,  is 
curved,  but  there  is  no  compre^  to- 

ber  designed,  and,  moreover,  i  i/<f 

be  designed  which  should  le^ibt  the 
enormous  strain  of  the  structure,  and  ■ 
give  the  only  value  which  could  be  gifi^^f 
to  the  rest  of  the  clumsy  contrivan^^H 
^ilore  than  that — and  this  is  a  puini  ^ 
which  the  dullcBt  discii>le  of  Boatet  can 
understand — the  projector  proposes  to 
give  lise  to  these  trusses  of  6  in  1,000, 
and  so  to  obtiiin  an  increased  rigidity* 
Now,  it  is  absolutely  imposfiible  to  stretch 
a  w*ire  beti«  cen  two  points,  however  close 
they  may  be  together,  without  deflection, 
because  the  strain  required  to  do  so  is 
iiL^nite,  and  in  such  an  extreme  casd  na 
M.  Boutet  proposes,  the  cables  would 
break  from  their  own  weight  long  before 
any  approximation  to  a  horizontal  line 
was  obtained.  In  fact,  allowing  the  ex- 
treme amoimt  of  strength  to  his  cables* 
and  a;^suming  that  they  couhl  be  made 
perfectly  liomogcneous  throughout,  it  will 
be  found  that  the  strands  would  part  in 
the  centre  before  they  were  within  600 
feet  of  a  horizonttd  line,  in  other  words, 
the  point  of  rupture  would  be  attained 
wlieu  the  cables  had  still  to  be  hauled  up 
500  feet  to  get  them  into  position/* 

Some  reasonable  sort  of  bridge,  how- 
ever, would  appeivr  to  be  tlie  only  feasible 
continuous  work  that  could  be  built.  It 
would  cost  perhaps  twice  as  much  as  a 
tunnel — the  inilo  of  cost  is  stated  to  be 
three  times  as  much  for  bridges  as  for  tun^ 
n els— but  it  would  be  completetl  in  a 
reasonable  time.  Thousands  of  men  could 
work  upon  it,  while  tens  of  men  were  at 
work  on  a  tunnel. 

But  before  the  bridge  question  is  eel- 
tied,  years  before  the  bridge  is  com- 
pleted, the  comfort  of  miUions  of  possea- 
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gen  is  to  be  secured,  and  the  tranship- 
ment of  millions  of  packages  of  goods 
avoided,   at  a    comparatively  small  ex- 
pmse,  by  the  ronning  of  suitable  boats 
Detwcen  England  and  France.   Undoubt- 
edly the  ferry  system,  however  complete, 
wiU  be  inadequate  10  or  20  years  hence  ; 
but  daring  that  period  there  should  be 
it  least  as  decent,  comfortable,  and  eco- 
nomical communication  as  there  is,  for 
instance,  between  New  York  and  New- 
port— a  longer,  and  in  parts  more  ex- 
posed route  thaji  that  across  the  ChanneL 


LEAD  m  Tnr  Yesbkls. — A  report  has 
been  published  on  the  tin  and  tinned 
vesocls  used  in  the  military  hospitals  in 
France.  The  metal  used  for  tinning,  it 
was  found,  contained  from  25  to  50  per 
cent  of  lead.  In  vessels  reputedly  made 
of  pure  tin,  the  Commissioner  foimd,  in 
some  cases,  as  much  as  15  per  cent  of 
lead.  Such  proportions  are  dangerous,  he 
says,  to  the  public  health,  and  the  Gov- 
ernment is  recommended  to  fix  a  stand- 
ard allowing  only  5  or  6  per  cent  of 
lead  to  be  used  with  tin  in  utensils  in- 
tended for  culinary  purposes,  or  for 
drinkinpf-vessels.  The  author  has  proba- 
bly over  stated  the  dangers  fi'om  the  use 
of"  utensils  composed  as  he  has  found; 
but  it  would  be  well  if  cheap  manufac- 
turers in  this  country  would  bear  in  mind 
that  it  i  4  not  altogether  safe  to  use  a  large 
proportion  of  lead. 

EXPLO<aoNs  in  gas  works,  and  in  build- 
ings where  gas  is  leaking,  as  well  as 
in  mines,  may  be  prevented  by  the  use  of 
the  Davy  Limp.  Explosions  are  often 
canse^l  in  dwellings,  by  looking  for  leaks 
in  meters  and  pipes  with  an  uncovored 
lamp.  At  New  Village,  Mass.,  five  men 
were  recently  killed  by  the  explosion  of  a 
iras  hc^lJer  which  they  were  repairing. 
The  Davy  or  the  Strive  safety-lamp 
should  be  kept  ready  for  use  in  gas 
works,  and  in  all  large  buildings,  such  as 
hotels  and  theatres,  where  gas  leaks  are 
likely  to  occur. 

PmATT.  WmrxET  &  Co-'s  Machine  Works, 
HiKTroRD,  Co2fN. — ^Thc  machine  shop 
is  220X^''>  ^^^^  3  stories,  and  employs  150 
men.  Machinery  to  turn  out  500  rifles 
per  day  has  recently  been  completed  for 
Autria. 


CONCRETE  BUILDINGS. 

Oompltod  firom  tho  "  Amorican  Arllxan,''  *<  Ibe  EogifiMr,**  ela 

The  increased  cost  of  building  mate- 
rials, has  of  late  led  to  renewed  and 
extensive  experiments  with  concrete. 
This  material  has  in  various  forms  been 
employed  for  ages,  and  is  said  by  travel- 
lers to  be  found  hard  and  undissolved  after 
3,000  years  of  exposure  among  the  temple 
ruins  of  Nineveh. 

This  concrete  was  in  all  probability 
composed  simply  of  a  lime  mortar,  tem- 
pered by  treading  with  the  naked  feet  of 
the  laborers  until  it  became  tough  and 
homogeneous,  and  then  mixed  with 
broken  stone  or  rubble. 

Many  attempts  have  been  made  in  this 
country  to  use  a  material  of  this  character 
in  the  construction  of  buildings,  but 
owing  to  the  slight  degree  to  which  the 
management  of  the  material  in  large 
masses  has  hitherto  been  understood,  it 
has  in  many  instances  cost  quite  as  much 
as  brick  ;  the  comparative  slowness  with 
which  the  water  is  eliminated  renders  the 
wall  liable  in  our  northern  climate  to  be 
suddenly  disintegrated  by  frost.  Because 
concrete  has  answered  well  in  founda- 
tions, the  conclusion  has  been  too  hastily 
arrived  at,  that  it  would  therefore  be 
equally  suitable  for  houses.  The  duty  it 
has  to  perform  in  the  former  case  is  to 
transmit  the  superincumbent  pressure  to 
the  ground ;  and  the  only  resistance 
that  tho  material  is  called  upon  to  dis- 
play, is  that  against  crushing.  To  secure 
rigidity  and  stability  in  unsupported 
walls,  requires  peculiar  care  and  knowl- 
edge in  selecting  and  compounding  the 
materials.  All  artificial  monolithic  musses 
labor  theoretically  under  tho  common 
disadvantage  of  their  soundness  being  in 
the  inverse  ratio  of  their  size.  Not  only 
is  this  true  for  artificial,  but  also  for 
natural  substances.  These  facts  have  led 
to  the  disuse  of  concrete  for  binding  rub- 
ble into  the  form  of  walls,  and  the  adop- 
tion of  building  blocks  which  are  made  of 
such  size  that  one  man  may  readily  handle 
them,  and  which  are  simply  bricks  of  con- 
crete. This  system  also  allows  of  the  intro- 
duction of  "  bond,"  which  does  not,  strictly 
speaking,  exist  in  the  rival  principles,  and 
there  is,  therefore,  tho  absolute  necessity 
for  introducing  binders,  and  joists,  as 
soon  as  possible,  in  their  case.  The  com- 
position of  these  blocks  dififora  from  that 
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of  the  ruder  concrete  in  the  addition  of 
hydraulic  or  Roman  cement,  by  ^hich  their 
hardening  is  much  facihtated.  Tht?  blocks 
are  formed  in  wooden  molds,  and  require 
in  their  manufacture  only  a  moderate  de- 
gree of  skill,  the  material  being  made  by 
combining,  in  a  wet  condition,  caustic 
lime,  cement,  and  sharp  sand  in  about 
the  proportions  of  1  bushel  of  Hme,  G  of 
sand,  and  4  quarts  of  cement  The 
blocks  require  considerable  time  to 
harden  solidly  throughout,  and  should  be 
kept  under  shelter.  Some  manufactiurers 
facilitate  the  manufactui-e,  and  iUso  the 
harden ing^  by  mixing  the  ingredients  by 
macliinery,  by  means  of  which  steam  and 
hot  water  are  injected  into  the  plastic 
mass  wliile  mixing. 

Recent  expei-iments  by  a  German  in- 
yestigator  seem  to  show  that  the  costly 
hydi'aulic  cement  may  be  dispensed  with, 
when  the  blocks  are  not  placed  under 
water,  by  employing  a  kind  of  mortar 
made  of  slaked  lime  and  finely  sifted 
sand.  Caustic  lime,  equid  to  J  of  the 
sand  used,  is  mixed  with  the  mortiir 
when  required  for  use;  the  heat  resulting 
from  it.s  addition  induces  the  formation 
of  mhcates,  which  quickly  harden  the 
mortar. 

It  has  been  suggested  that,  inasmuch 
as  the  hydraulic  ccDJcnt  heretofore  so 
largely  employed,  owes  its  efficacy  to  the 
silicate  of  alumina  contained  therein,  an 
artificial  cement  may  Vve  made  for  the 
purpose,  by  properly  mixing  lime  with 
20  per  cent  of  dry  clay, 

A  modification  of  tue  •*  block**  system, 
is  the  slab  system.  The  difficulties  at- 
tendant upon  it  appear  to  be,  principally, 
tlie  impossibility  of  ensuring  the  perpen- 
dicularity of  the  upright  portions  of  the 
house,  the  squareness  of  the  angles,  or 
the  sharpness  of  the  arrises.  Tlie  idea  of 
attempting  to  raise  walls  20  feet  and  30 
feet  in  height^  by  means  of  small  angle 
iron  uprights  and  slabs  of  concrete,  from 
*i  inclies  to  4  inches  in  thickness,  is  a  sim- 
ple absurdity.  The  house  consists  of 
notliing  but  panelling,  and  one  is  puzzled 
to  decide  whether  one  Ls  really  inside  or 
outside,  as  the  waUs  appear  to  bare  Hte- 
rallT  no  consistency  or  sohdity. 

For  facilitating  the  constructioii  of 
solid  concrete  buildings,  a  Mr.  Drake  has 
taken  a  patent  in  England,  for  the  use  of 
flanged  iron  plates,  supported  by  iron 
Qprighta  secured  sgrninst  the  ^e  of  the 


wall,  such  plates  to  be  shifted  upward* 
step  by  step  upon  the  uprights,  and  lock- 
ed to  them  in  tne  several  pt»sitions  by  piruk 
He  also  claims  angle  plates  to  form  the 
angles  of  walls  ;  also  the  use,  to  connect 
the  front  and  back  plates  and  uprightA, 
of  metal  straps  with  pinholes  in  tbem  it 
various  distances,  so  that  the  length  mij 
be  adjusted  to  the  thickness  required. 

Several  extensive  structures  aro  now 
erecting  in  England  by  the  soUd  method* 
among  them  a  large  warehouse  in  Jjon- 
don  70  feet  by  60  feet  by  50  feet,  which 
will  no  doubt  prove  a  success,  becaoeo 
the  work  is  carried  on  under  the  superin- 
tendence of  those  who  thoroughly  under* 
stand  tlie  subject,  bt»th  theoretically  and 
practically.  The  Duke  of  Nortluimber- 
land  is  constructing  a  solid  cottage  <d 
Portland  cement  ooncrete.  The  founda- 
tion set  on  sand,  is  6  inches  thick  and  lli 
inches  wide  ;  the  walls  aro  9  inches  m 
thickness  and  2  stories  in  height  Th/t 
roofs  are  all  flat,  and  are  constnicted  en- 
tirely of  concrete  and  old  wire  rope,  Th* 
ceilings  are  di\aded  into  panels  by  ribs  si 
right  anglcii,  and  require  no  plastering. 
A  wall  on  tlie  dipper  floor  is  supported 
on  a  concrete  beam,  13  feet  span  ;  a  large 
cistern  is  formed  under  the  roof,  its  mdm 
being  the  walls  of  a  room  ;  this  will  m^ 
verely  test  the  impermeabihty  of  the  mm* 
terial.  No  wood  is  used  except  for  doon^ 
and  no  iron,  except  the  old  wire-rope. 

f^  oiJ>  AXD  SiLN'ZR. — A  recent  estimmt4> 
\T  makes  the  total  quantity  of  gold,  in 
the  form  of  coin,  jewellery,  vessels;,  uten- 
sils, in  faut  in  all  shapes,  in  the  hnnds  of 
man,   equal   in   value  to   JL'l/J  ^0 

sterling.       This    wunld   be    ii  ,  •<.HI 

ounces,  or  30,000,000  cubic  inches.  If  - 
converted  into  a  single  block,  its  dimen* 
sions  would  not  be  le^  than  2G  feet  square^ 
and  its  weight  10,500  tons.  In  the  shape 
of  sovereigns  placed  in  a  single  line  on 
the  ground,  each  coin  being  in  contact 
with  its  neighbor,  £1,200,000,000  sterling 
would  form  a  track  4,300  miles  in  length. 
The  value  of  the  silver  io  use  is  sc^>tdowii 
at  £1 ,000,000 ,000  sterling  in  vn'  Tl ,  in. 

in  round  mmibers,  would  be  4.i  uJO 

ounces,  or  400,000  cubic  feet,  measur- 
ing 100  feet  square  by  30  feet  in  hdghJU 
In  the  shape  of  shillings,  placed  in  con- 
tact and  in  line,  the  gldbe  itself  would  be 
more  than  twice  endreled  by  this  ftmooni 
of  silver.  — Mt\:ha  n  icx   Magazin^^ 
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VATER-SCPPLI  FOB  CITIES. 
jmrowrrkscE  of  pubb  wateb — bewaoe — ^abte- 

MUX      WELLS — ^PABTICUULBS     OF      SXISTIKa 
WOBSa — FUMPCfa  KjLGHQIEBT. 

From  the  excellent  report  of  Cbas.  Her- 
ouuij,  Esq.y  Chief  Engineer  of  the  Mem- 
phis Wftter  WorkBy  we  compile  the  fol- 
lowing considerations  and  ^ts  on  this 
solnect,  and  they  are  especially  interesting 
and  important  to  the  inhabitants  of  towns 
not  yet  well  sapplied  with  pnre  water: — 

One  of  the  first  and  leading  considera- 
tkms  in  the  selection  of  abiding  places  for 
man,  whether  it  be  the  cave  of  the  savage, 
the  hnt  of  the  barbarian,  the  cottage  of 
the  peasant^  the  camp  of  the  soldier,  the 
reaiABnee  of  the  man  of  wealth,  or  the  site 
of  a  large  city,  is  the  snpply  of  an  ample 
qpantity  of  pnre  and  wholesome  water. 
Katare,  however  liberal,  does  not  always 
make  ample  provision  for  supplying  the 
wants  of  man,  masmnch  as  springs,  brooks, 
and  rivers  are  not  sufficiently  numerous 
to  famish  water  of  suitable  quality  every- 
iHttre  where  man  chooses  abiding  places; 
hence  his  ingenuity  or  constructive  ability 
is  called  into  action,  and  wells  are  formed 
by  excavations  in  the  earth  from  which 
water  is  obtained  for  limited  numbers  in 
localities  more  or  less  remote  from  natural 
water-courses. 

QuALiTT  OP  Wateb. — ^Li  citics  where 
large  populations  dweU  upon  compara- 
tively small  areas  of  land,  this  mode  of 
obtaining  water  fails,  both  as  regards 
quantity  and  quality.  Upon  the  sites  of 
many  towns  and  cities,  wells  wholly  fail 
to  fm-nish  water  of  suitable  quality ;  hence 
rain-water  cisterns,  constructed  under 
ground,  and  located  in  streets,  courts, 
aHeya,  yards,  basements,  etc.,  into  which 
that  portion  of  rain  falling  upon  the  roofs 
of  the  houses,  and  not  evaporated  or  ab- 
sorbed, is  conducted  and  stored  for  use. 
These  modes  of  water-supply  are  very 
expensive,  considering  the  limited  quantity 
and  deteriorated  quality  furnished.  The 
principal  cities  of  the  United  States,  in 
times  of  sickness  or  epidemics,  had  the 
pmaHiny  dwasen  to  much  greater  extent, 
and  mnch  more  aggravated  cases,  by  vir- 
tue of  the  fact  that  limited  quantities  of 
indifferent  or  bad  water  aided  climatic 
esiises  in  developing  and  prolonging  epi- 
demics. In  the  city  of  New  York,  as 
early  as  1798,  while  the  necessity  of  a 
supply  of  pore  water  was  already  severely 

Voi.'l-No.  «.-ia 


felt.  Dr.  Brown,  in  a  report  upon  the  sub- 
ject in  the  same  year,  ''  exhibits  circum- 
stantially the  consumption  of  water  as  of 
a  very  small  quantity  (on  account  of  the 
difficulty  of  procuring  it),  and  subordinate 
quality;  he  considers  this  as  the  cause  of 
a  variety  of  diseases  and  contagious  dis- 
orders, especially  the  yellow  fever,  which 
had  recently  made  great  ravages  there. 
He  also  considers  the  state  of  health  of  a 
populous  city  as  depending  more  upon  the 
purity  of  its  water  man  the  quality  of  all 
the  rest  of  its  provisions  together." 

In  the  city  of  Philadelphia,  as  early  as 
1793  or  1794,  Benjamin  Franklin  was,  it 
is  believed,  the  first  who  publicly  called 
the  attention  of  the  citizens  to  the  subject 
of  watering  the  city  fi-om  some  other 
source  than  the  wells  then  universally 
used  ;  urging  that  the  afflictions  from  the 
ravages  of  contagious  diseases  rendered 
it  necessary  that  a  more  copious  supply 
of  water  should  be  procured,  to  insure 
the  health,  comfort,  and  preservation  of 
the  citizens.  This  was  just  after  the  city 
hod  been  visited  by  the  yellow  fever. 
And  in  Franklin's  will,  dated  June  23, 
1789,  is  the  following  clause  :  "  and  hav- 
ing considered  that  the  covering  of  the 
ground  plot  of  the  city  with  buildings 
and  pavements,  which  carry  off  most  of 
the  rain,  and  prevent  it  soaking  into  the 
earth,  and  renewing  and  puiifying  the 
springs  whence  the  waters  of  the  wells 
must  gradually  grow  worse,  and  in  time 
be  unfit  for  use,  as  I  find  has  happened 
in  all  old  cities,  I  recommend  that  at  the 
end  of  the  first  100  years,  if  not  done 
before,  the  corporation  of  the  city  em- 
ploy a  part  of  the  iB100,000  in  bringing 
by  pipes  the  water  of  the  Wissahiccon 
Creek  into  the  town,  so  as  to  supply  the 
inhabitants.*' 

To  sum  up  all  the  advantages  from  a 
properly  devised  public  water-supply, 
would  require  a  lengthy  dissertation  upon 
the  subject  ;  we  will  therefore  briefly 
enumerate  some  of  the  principal  ones 
only. 

1.  It  fnruishes  a  better  quality  of 
water  than  is  possible  from  wells  and 
rain-water  cisterns,  and  at  a  much 
clieai;>er  rate  for  the  same  quantity  than 
can  be  obtained  by  private  or  individual 
means  of  supply. 

2d.  It  encourages  a  liberal  use  of 
wholesome  water  by  all  classes,  and 
tberebv  induces  habits  of  cleanliness  and 
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eomfort,  diminisbes  Bickncss,  and  in 
times  of  epidemics  ii  has  proved  by  the 
experience  of  other  cities  to  be  the  great- 
est protection  to  densely  populated  dis- 
tricts. 

3.  By  the  constant  command,  at  all 
hours  of  the  day  and  night,  of  an  un- 
limited quantity,  for  protection  against 
the  ra%*agea  of  lire,  it  reduces  the  risks 
for  insurance  companies,  and  with  that 
tlie  rates  of  insurance,  and  in  this  way, 
perhaps  more  than  iu  any  other,  is  a 
weE-regtduted  public  water-supply  pro- 
ductive of  pecuniary  advantages,  which 
annually  amount  to  a  very  hberal  per- 
centage on  the  capital  invested- 

4  It  invites  settlement,  and  encour- 
ages the  investment  of  capital  in  manu- 
facturing enterprises,  which,  by  foster- 
ing productive  industry,  tend  to  build 
up  the  city  in  the  elements  consti- 
tuting permanent  wealth  and  independ- 
ence. 

As  to  the  quality  of  tlie  sources  of 
supply,  the  report  says  :  AH  the  natural 
water-courses  in  every  country  become 
more  and  more  impure  with  the  increase 
of  population,  and  less  suitable  for  dis- 
tribution in  denscsly  populated  cities ; 
and  the  best  practice  of  hydraulic  en- 
gineering, in  its  application  to  public 
water-supplies,  is  to  collect  and  store  the 
ater  as  near  as  practicable  to  the  gath- 
ing  grounds,  upon  which  it  falls  in  the 
elmpo  of  snow  and  rain,  and  thence  con- 
vey it  artificially  to  the  place  of  distribu- 
tion* The  truthfulness  of  this  is  illus- 
trated by  the  following-named  examples 
of  wat^r-Bupplies  to  towns  and  cities  in 
the  United  States,  where  the  water  is  col- 
lect4?d  and  stored  in  reservoirs  near  the 
limits  of  the  drainage  areas  supplying 
them,  viz,  :  the  Boston  and  Charlestown 
water-supplies  in  Massachusetts ;  the 
Albany,  Croton,  and  Brooklyn  water-sup- 
phes  in  New  York ;  and  the  Hartford, 
Ct,  and  Baltimore,  Md.,  water-supplies. 
The  last  two  of  these  have  changed  with- 
in the  hist  few  years  from  taking  their 
daily  supplies  from  natural  water-courses 
to  storage  reservoirs  approaching  the 
limits  of  the  draina<:re  areas  supplying 
them  with  water.  The  Loch  Katrine 
Bcheme,  sapplying  the  city  of  Glasgow  ; 
the  Rivington  Pike  scheme,  supplying 
Liveri^ool  ;  the  Birmintrhara  water-sup- 
ply ;  and  the  contemplated  change  in 
the  mode  of  supplying  the  city  of  London 


with  water,  are  casea  in  point»  and  de- 
monstrate  the  jufltice   and   propriety  rfj 
this  view  of  the  subjects 

Sewage. — As  the  eongregaiioa  of 
numbers  of  human  beingia  upon  eompn- 
ratively  small   areas  hiis   been  shown  to 
defile  the  spring  and  well  water,  aa  idno 
the  rain-water,  by  causing  it  to  ahsoHb 
'  in  its  fall  the  noxious  gaaee  which  eon- 
,  stantly  arise  from  populous  cities,  aa  wfiQ 
as  from  the  washings  of  the  roofs,  con- 
j  sisting  of  an  almost  endless  catalogue  of 
articles   prejudicial    to    health,     thereby 
]  compelling  a  supply  being  obtained  from 
a  source  beyond  the  reach  of  city  defile- 
ment, it  must  not  be  concluded  that  with 
the  procurement  of  pure  water  the  evil  is 
remedied  ;    it  is  only  one  of  the  effect* 
which  is  obviated,  for  the  evil  itself  con- 
tinues to  grow  with  the  increase  of  popu- 
lation, until  the  earth  or  subsoil  of  the 
city  is  so  thoroughly  permeated  with  hu- 
man excreta  as  to  render  its  removal  an 
absolute  necessity  ;  to  accomplish  which 
end,  capital  and  industry,  under  the  direc- 
tion of  the  civil  engineer,  have  construct- 
ed systems  of  sewers,  through  which,  with 
the  water  from  pubHc  water-supplies  and 
rains  as  vehicles,  the  refiise,   etc.,  from 
dense  populations  is  carried  to  running 
streams  and  rivers,  to  be  diluted  to  an 
extent  which  makes  it  harmlf*S8*     Hence 
a  system  of  thorough  draint^e,  through 
the  medium  of  sewers,  is  next  in  impor* 
tance  to  a  public  water-supply  for  a  city 
as  a  means  of  preserving  the  hejilth  of  ill 
inhalvitnnts.     This  is  a  subject  upon  the 
investigation,  development,  and  perfection 
of  which  the  ablest  statesmen,  scientists, 
and  engineers  of  great  Britain  and  Ibe 
continent  of  Europe  have  been  engiigfd 
for  years;  and  in  the  United  States,  alaoi, 
much  attention   has  been  given   to  the 
subject,  although  the  literature  or  tnittan 
experience    in    relation    to   it    is    quite 
meagre.     In  a  late  publication*  upon  this 
subject  the  author  truthfidly  remarku  : 
**  Tlie  general  standard  of  pubhc  morala 
always  corresponds  with  the  state  of  pub- 
lic health,    tha    latter   depending  again 
upon  abundance  of  food  combined  with  a 
pure  atmosphere  and  an  unlimited  supply 
of  un defiled  water,  *         •         i 

Iu  nothing  is  the  superior  wisdom  of 
the  present  Emperor  of  the  French  to 
manifest  as  in  the  undivided  attention  he. 


«  Kr«iip'B  UnadoD  Qtwtngt^ 
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Kke  the  fbonder  of  his  dynastj,  pays  to 
tiie  flsnitary,  agricultural,  industrial,  and 
commercial  interests  of  his  people,  which 
tfana  manifestly  proves  that  true  states- 
mansihip  finds  its  best  allies  in  agriculture 
and  public  health." 

Thie  tables  1  and  2  give  respectively, 
the  qnantity  of  water  consumed,  and  the 


cost  apd  other  mechanical  features  of 
water-works  in  various  cities.  Table  3 
gives  the  particulars  of  the  principal  ar- 
tesian wells.  Table  5  gives  the  chity  of 
several  of  the  best  engines  in  the  country, 
and  is  taken  from  the  report  of  Jas.  P. 
Kirkwood,  C.  E.,  on  the  Brooklyn  water- 
worka 


Tablb  1. 

TEAR. 

CITIES. 

EMh  InhabiUnt, 
p«rday. 

EKh  OoMimier, 
pwdaj. 

1867 

Chftrlettown.  MwNachn^ettM  ....*......... 

GallODS. 
41.83 

22;35 
48.46 
60.00 

62.00 

OaltoDi. 

54.33 

•47.10 

IM7 

Bztiokl jn.  New  York 

18S6 

C1ffTftliui<1,  Ohio 

24.26 

1M7 

Detroiti  Mi<?h»go.ii ^ .  - 

64.47 

Chicago,  niin<n8 

Cincinnati,  Ohio , 

ISM 

8t  Loois,  Missonri.  • 

•64.01 

JtM 

liOaisTille,  Kentacky 

73.96 

1861 

New  York .'. 

Table  2. 


CITT. 

YEAR. 

FOWEEL 

OF 

PuMPnra  GATAarr 

Daily 

Rbqdibd. 

1 

"8 

Averaffe. 

1 

Onibridge,  MaflsachTuetto 

Gbarlesiown,  Mafuachnsetts 

Hartfiird.  Connectirat. .......... 

1866 
1865 
1866 
1866 
1866 
1866 
1866 
1866 
1866 
1866 
1865 
1866 
1866 
1865 
1867 

Steam 

Steam 

Steam 

Steam 

72i 
135 
120 
161 
159 

iis 

112 

158 
165 
144 
125 
75 

6!  228 

6.446 
0.-285 
1.000 
0.414 
1.000 
1.000 
0.272 
0.200 
0.712 
0.200 
0.540 
0.410 

6!i77 

oisso 

0.269 
0.605 
0.290 
0.806 
0.615 
0.215 
0.154 
0.516 
0.123 
0.354 
0.360 

$18  03 
14  97 

16  34 

12  84 
9  63 
2  00 

13  00 

22  00 
9  91 

23  10 

17  55 

18  09 
16  14 
12  20 
18  20 

10 
6 
8 

BiooklT.  New  York. 

4 

Jcnoy  City,  New  Jerney 

1 

FttrnKmnt  PhUadslphia,  Penn. . . 

0clttWBie.  Philadelphia,  Penn. . . . 
Mch  Ward,  Philadelphia.  Penn. . . 

Oeveland,  Ohio 

Water  Power. . 

Steam 

Steam 

Steam 

Steam 

Steam 

Steam 

Steam 

0 

5 
13 

2 
14 

9 

GliieiBmti,  Ohio 

11 

LtmlsTille,  Kentucky 

7 

Chicago,  Illinois  . . .'. 

3 

DMroti  Ifichifran , r 

12 



Tbs  Abtesiak  Well,  sending  forth  a 
eoDstant  stream  of  pnre  water,  is  a  bean- 
tifal  and  interesting  sight;  and  in  the 
papular  mind  it  is  invested  with  a  great 
degree  of  novelty.  What  is  an  artesian 
WW  ?  Historically,  it  is  so  called  from  a 
mode  practised  in  Artois,  a  province  in 
Fruice,  by  boring  for  water.  Technical- 
ly, an  artesian  well  is  a  mode  for  obtain- 
ing a  ^K>ntaneoii8  flow  of  water,  at  or 


I  above  the  surface  of  the  earth,  through 
the  medium  of  a  tubed  perforation  of  the 
earth's  crust,  extending  in  depth  until  a 
body  of  water  is  reached,  from  which,  by 
hydrostatic  pressure,  a  portion  is  de- 
livered through  the  tube  at  or  above  the 

'  surface  of  the  earth.  The  most  plausible 
theory,  explanatory  of  the  flow  of  water 

•  ApproziaMtt. 
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"wing  extracts  are  from  a  re- 
T.  Dnxnas,  member  of  the 
demy  of  Sciences,  to  the  Minis- 
ic  Works,  on  the  subject  of  the 
iternsupply  of  Paris  by  artesian 

sommission  is  unanimous 
3  scheme).  Among  its  mem- 
ire  none  who  are  unaware  of 
mce  of  artesian  water  drawn 
een  sand  for  the  use  of  Paris. 
'  those  who  base  upon  it  the 
»ectations,  there  are  none  who 
in  that  it  would  be  advisable  to 
employment  of  other  resour- 
nre  or  art  has  placed  at  the 
the  Parisian  people.      *     * 

-water-bearing  stratum  of 
is  not  the  exclusive  property 
>f  Paris.  It  can  be  operated 
'  distance  or  level  by  the  pro- 

the  soiL  The  works  con- 
'-  companies,  associations,  and 

however  great  or  indisputa- 
the  capabilities  of  this  source, 
rb  them  and  render  them  of 
Pol  application  to  the  munici- 

phenomena  and  natural  acci- 
i  as  earthquakes,  that  exercise 
nee  upon  caijils  through  which 
le  water,  could,  on  the  contraiy, 
L  channels  for  the  passage  of 
reat  depths  a  derangement  of 
;e. 

h  such  events  may  be  rare,  it  is 
to  know  that  once  in  twenty 
•  effect  on  the  well  of  Grenelle 
observed,  not  to  be  willing  to 
3  city  of  Paris  to  receive  sud- 
for  entire  months  turbid  water 

reservoirs,  or  to  submit  to  a 
1  of  one-half  the  product  of  its 
ills,  which,  though  it  were  but 
',  would  not  be  the  less  seriouR. 
\  art  of  boring  is  not  yet  ad- 
ough  by  experience  in  tubing 
►  wells  of  large  diameter,  es- 

what  concerns  the  green  sand 
)€s  in  iron  do  not  laist ;  copper 
I,  lined  with  tin,  might  fill  the 
h  anxiety  in  times  of  epidemic; 
ibes  are  uncertain;  and  wells 
led  with  tubes  have  not  been 
r  experimented  with. 

water  of  the  artesian  source, 
f  great  purity,  and  which,  so 
)ral  substances  are  concerned, 


is  better  suited  than  all  others  for  indus- 
trial and  public  use,  is  very  sUghtly 
aerated  and  tepid.  It  would  be  neces- 
sary, therefore,  to  cool  and  aerate  it^  to 
render  it  useful  for  domestic  purposes  ; 
and  for  this  reason  it  would  be  regretted 
that  it  is  not  a  little  richer  in  carbonic 
acid  and  carbonate  of  lime. 

In  conclusion,  when  we  talk  of  supply- 
ing 2,000,000  inhabitants,  it  is  prudent  to 
assure  ourselves  of  the  simultaneous  use 
of  bodies  of  water  taken  from  various 
sources,  in  order  to  be  always  ready  to 
quiet  the  complaints  of  uie  people. 
Water,  as  we  have  said,  ought  never  to  be 
suspected ;  and,  in  case  of  the  least 
doubt,  the  administration  must  be  able  to 
replace  one  water,  though  suspected 
without  cause,  by  another  which  may 
possess  the  confidence  of  the  consumers. 

The  Memphis  Works. — ^The  plans  pro- 
posed for  the  supply  of  Memphis  are : — 

1.  A  supply  from  Wolf  river,  taken  at 
the  most  available  point  above  the  town  of 
Ealeigh. 

2.  A  supply  from  the  Mississippi  river, 
drawn  at  the  first  suitable  pomt  above 
the  city. 

3.  A  supply  from  the  l^Iississippi  river, 
taken  in  the  vicinity  of  Hatchie  Lake. 

The  PuMPiNa  Machinebt  recommended 
in  the  report  for  the  Wolf  River  Works, 
is  the  Worthington  Duplex  Pumping  En- 
gine.    The  report  says: — 

This  machine  is  strictly  a  steam  pump, 
consisting  of  two  steam  cylinders  and  two 
water  cylinders  laid  horizontally  in  pairs, 
the  piston  rod  of  each  steam  cylinder  ex- 
tending to  its  water  cylinder  and  work- 
ing a  water-displacement  plunger;  the 
steam  and  water  cylinders  being  separ- 
ated a  sufficient  distance  to  permit  the 
requisite  mechanical  devices  to  be  attach- 
ed to  each  connecting  rod  between  the 
steam  piston  and  the  water  plunger,  for 
working  the  steam  valves  and  air-pumps; 
the  connecting  rod  of  the  right-hand  en- 
gine working  the  steam  valves  and  air- 
pump  of  the  left-hand  engine,  and  moe 
verscL 

The  machine  is  self-contained,  and  does 
not  require  expensive  masonry  foimda- 
tions;  it  works  horizontally;  has  the 
smallest  mass  of  inert  matter  in  the  mov- 
ing parts,  being  just  sufficient  for  the  safe 
transmission  of  the  power;  and  thus,  in 
conjunction  with  its  moderate  velocity, 
reduces    its  liability  to  acddonts  to  a 
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obeerred  incmstations  in  6i£&ird's  In- 
jeeior,  where  the  motion  of  the  water  was 
quite  rapid.  II.  Weistman  had  also  ob- 
eerred scale  at  point,  where  the  velocity 
off  the  water  was  considerable,  but  men- 
tioned the  absence  of  scale  in  the  boilers 
of  steam  fire  engines.  M.  Kamp  had 
also  observed  the  deposition  of  scale  in 
fiaed  water  pipes,  although  the  deposition 
in  the  boiler  was  inconsiderable. 

The  translator  has  observed  a  case 
where  it  was  attempted  to  blow  charcoal 
throngh  tubes  by  means  of  air,  possessing 
oonsiderable  velocity.  It  was  found  that 
althongh  ihe  wind  would  take  along 
with  it  some  considerable  quantity  of 
diarcoal,  it  would  nevertheless  deposit  a 
good  deal  again,  before  reaching  its  des- 
tination, particularly  at  places  where 
there  were  angles,  or  the  pipes  expanded 
slightly.  The  deposition  of  scale  in  the 
injector  and  feed  water  tubes  might  be 
thus  explained  without  weakening  the 
reasoning  of  Dr.  List,  which  seems  quite 
correct  and  conformable  to  experience. 


BLASnC  RAILWAY  WHEELS. 

Over  10  years  ago,  that  veteran  Loco- 
motive Sux)erintendent^  Mr.  George  S. 
Chriggs  of  Boston,  commenced  using  blocks 
of  wood  an  inch  thick,  forming  an  almost 
continuous  tyre,  between  the  iron  tyre  and 
the  cast-iron  driving  wheel  rim  of  his  loco- 
motives. The  results  have  been  well  defined 
and  entirely  good  and  economical,  and  they 
have  certamly  not  been  arrived  at  with- 
out due  triaL  The  wear  of  tyres  and  the 
breakage  of  wheels  and  connected  parts 
has  been  decidedly  lessened  by  the  inter- 
position of  this  elastic  medium,  slight  as 
IS  its  yielding;  and  if  of  tyres,  then  of 
rails  and  permanent  way,  for  although 
there  may  be  30  or  40  times  as  many 
truck  wheels  as  drivers  in  a  train,  the 
drivers  are  5-ton  hammers,  while  the 
track  wheels  are  only  Httle  2-ton  smith- 
shop  hammers,  that  would  not  be  em- 
ployed by  knowing  smiths  if  the  lamina- 
tion of  rails  was  the  thing  to  be  aimed  at. 
Every  body  concerned  has  known  all 
aboat  Ur.  Origgs'  wheel  for  years,  but 
it  is  only  just  now  getting  into  general 


Mr.  W.  Bridges  Adams,  of  London,  an- 
other veteran  engineer,  long  since  devised 
the  ^^  horse-foot "  tyre — a  steel  spring  be- 


tween the  tyre  and  the  rim  of  the  wheel, 
and  although  it  gave  good  results,  it  has 
not  yet  been  largely  adopted.  The  wooden 
car  wheel,  with  an  iron  hub  and  steel 
tyre,  long  used  abroad,  is  just  beginning 
to  be  appreciated  here.  It  is  in  use  on 
the  drawing-room  cars  of  the  Hudson 
River  Railway. 
Another  elastic  wheel,  for  cars  and 
other  vehicles,  a  section  of  which 
is  shown  in  the  engi-aving,  has 
been  devised  by  Mr.  John  Kaddin, 
of  Lynn,  Mass.  The  hub,  and 
the  web  and  tread  arc  separate 
castings,  between  whidi  there  is 
interposed  a  ring  of  india-rub- 
ber. The  holes  in  the  web  to 
f  H^l  receive  the  projections  on  the  hub, 
are  larger  than  the  projections, 
so  as  to  give  a  slight  play — say 
one-eighth  of  an  inch  maximum. 
The  rubber  being  compressed 
tightly  in  the  annular  space,  can- 
not be  squeezed  out,  but  can  only 
change  its  figure  when  the  load 
comes  upon  it.  The  entire  jar  of 
the  wheels  is  thus  absorbed  by 
the  rubber  before  it  reaches  the 
hub  and  the  axle.  That  both  the 
running  gear  and  the  permanent 
way  will  be  made  safer  and  more 
durable  by  this  elastic  relief,  is  perfectly 
well  assured  by  similar  results  in  railway 
and  other  engineering  practice.  The 
economy  of  having  the  wheel  in  two 
parts,  so  that  the  tread  may  be  renewed 
without  forcing  the  hub  from  the  axle,  is 
obvious.  The  theoretical  advantages  of  an 
elastic  wheel  will  not  be  questioned  by 
intelligent  practitioners.  Are  there  any 
practical  defects  or  weaknesses  in  this 
method  of  application  ?  The  management 
of  the  Eastern  Railroad  say  that  after 
running  8  of  these  wheels  for  9  months 
under  a  22-ton  iron  car,  an  examination 
showed  the  rubber  iminjurcd  and  the 
nuts  all  tight,  though  the  bolts  were  not 
headed.  The  same  wheels  since  placed 
under  a  passenger  car,  have  rim,  in  all, 
40,000  miles  with  decidedly  less  wear 
on  the  tread  than  solid  wheels.  The 
Engineer  of  the  Boston  Fire  Department 
gives  an  equally  good  account  of  similarly 
cushioned  fire-engine  wheels. 

The  use  of  elastic  media  between  parts 
subjected  to  jarring,  is  now  so  well  under- 
stood by  railway  managers,  that  we  ex- 
pect to  see  other  and  better  appHcations. 
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m  propose  to  speak  at  a  fature  time. 
!he  money  which  has  been  squandered 
1  experiments  cannot  be  recovered;  it 
1  hopelessly  lost;  and,  of  course,  in  a 
hort  time,  in  consequence  of  the  decision 
I  the  last  committees,  unless,  indeed, 
hey  are  subyerted  by  those  of  some 
atore  bodies,  oar  breech-loading  field 
ftillery  will  be  supplanted  by  muzzle- 
oadersL 

Yet  IB  there  much  reason   that  this 
»Tr«""^  should  be  incurred  ?    It  would, 
y&rh^pB^  have  been  better  to  have  adopted 
I  arame-loading  gun  in  the  first  instance ; 
Mit^  now  that  we  have  a  breech-loader,  is 
i  worth  our  while  to  incur  all  the  expense 
lad  inoonTenience  of  changing  our  arma- 
ments in  order  to  gratify  the  whims  of 
kheorifliB  or  the  bmcies  of  mathematicians  ? 
Ihe  breech-loading  gun  has  been  found 
to  do  good  serrice  in  China  and  New 
SSealand,  and  is  undoubtedly  far  above 
the  average  as  a  gun.    In  the  late  Ger- 
man war    the    breech-loading  gun    tri- 
umphed over  the  muzzle-loader,  and  the 
vietorioas    Prussians    havt.    adopted    it 
it  nniversally  into  their    service.      Im- 
partial and  experienced  judges,  who  saw 
it  in  action,  have  told  us  that  the  breech- 
loading  gun  of  the  British  artillery  proved 
itMlf  superior  in  China  to  the  Prussian 
gun  in   Bohemia.     It  is,  no  doubt,   su- 
perior   to   the    Austrian    muzzle-loader, 
which  is  very  similar  to  the  French  gun. 
Why  should  we,  then,  incur  a  great  deal 
of  expenditure  to  change  our  armament, 
when  we  can  already  more  than  hold  our 
own  against  that  of  any  other  nation? 
Metaphysicians  and    fanciful  artillerists 
may  aim  at  perfection,  but  we    cannot 
afford  to  adopt  every  momentary  inven- 
tion which  professes  a  very  small  advan- 
tage over  the  system  already  adopted 
into  the  service.     We  might,  possibly,  if 
we  were  to  reconstitute  our  whole  system, 
inatitote  muzzle-loaders,  and  so  reap  all 
the  froits  of  our  experience;  but  now 
that  we  have  a  gun  in  the  service  which 
is  considerably  better  than  any  possible 
antagonist,  we  must  deprecate  the  ex- 
pense necessary  to  change  for  any  fanci- 
lul  adTsntage.    We  must  remember  that, 
ere  the  mozzle-loader  can  be  made  our 
armament,  some  new   invention    which 
win  nuUiiy  it  may  be  brought  forward, 
and,  happy  in  the  goodness  of  our  bad 
ban^iain,  we  may  be  quite  content  to  let 
wen  alooe. — Army  and  Navy  Oazette. 


LOCOMOTIVES  OF  THB  NoBTH  LONDON  RaIL- 
WAT. — The  standard  engines  of  this 
line  are  fully  illustrated  in  the  "En- 
gineer," Dec.  11  and  25.  They  have 
2  pairs  of  connected  drivers  5  feet  3 
inches  diameter,  and  8  feet  apart  centres. 
The  truck  has  4  wheels,  2  feet  8  inches 
diameter  and  5  feet  8  inches  apart.  The 
centre  of  truck  is  9  feet  10  inches  from 
the  centre  of  forward  driving  shaft.  The 
boiler  shell  is  4  feet  1  inch  inside  diam- 
eter by  10  feet  2^  inches  long,  and  con- 
tains 122  tubes  2  inches  diameter.  The 
fire-box  is  4  feet  5J  inches  long  by  3  feet 
7  J  inches  wide  by  6  feet  4  inches  high  in- 
side. The  cylinders,  outside,  and  inclined 
1  in  12,  are  17  inches  diameter  by  2  feet 
stroke.  The  steam-chests  are  inside,  and 
the  link-motion  valve  connection  is 
direct.  The  tanks  (1,000  gals.)  are  at  the 
sides  of  the  foot-plate  and  in  rear  of  the 
boiler.  The  working  steam  pressure  is 
160  pounds.  The  peculiar  and  strong 
cylinder  fastenings,  and  the  great  extent 
of  the  rubbing  surfaces,  are  especially  re- 
ferred to.  The  weight  of  the  engines  is 
as  follows; 

Light.  FalU 

tons  cwt.        tons  cwt.  qr. 

Bogie,  four  wheels 15    14 14    14    2 

Driving  wheels 11    11 14      5    0 

Trailing  wheels 11      7 14    12    2 

Total 38    12         43    12    0 

Five  of  these  engines  are  now  com- 
pleted or  in  progress;  they  easily  take 
trains  consisting  of  30  wagons,  each 
weighing  over  6  tons,  and  containing  10 
tons  of  coal,  and  2  heavy  brake  vans,  or 
about  460  tons  in  all,  up  inclines  of  1  in 
100  in  all  sorts  of  weather.  Equilibrium 
slide  valves  are  used  on  these  and  all  the 
new  engines  of  this  line  with  great  success. 
The  valve  has  the  equivalent  of  2  pistons 
ill  the  back.  Two  circular  flanpfes  project 
from  the  back,  nearly  up  to  the  steam- 
chest  cover.  Around  these  are  packing 
rings  which  are  forced  up  a^^ainst  the 
steam-chest  cover,  with  a  small  pressure 
due  to  their  area,  thus  making  a  tight 
joint.  The  area  enclosed  by  the  ring  is 
open  to  the  exhaust  passage  of  the  valve. 

ALUKnnuM  Bronze  is  used  in  France 
for  saws  and  other  mechanism  re- 
quiring great  strength  and  hardness,  in 
place  of  steel  It  has  been  proposed  to 
cover  the  steps  of  the  column  in  the 
Place  Yondomo  with  the  same  material 
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amt  of  irar  daimB,  were  a  little  more  than  three 
Millions — less  than  thxee>fifthji  of  the  expenditure 
of  the  preceding  year. 

There  are  27  military  arsenaU  in  all,  including 
the  National  Armonr  at  Springfield.  The  work 
done  at  them  by  the  hired  mech^cs  and  enlisted 
ami  of  the  Ordnance  Corps,  under  the  direction  of 
skilled  oflf&eers  of  the  corps,  has  been  economically 
sad  aatisfiactorily  peifonned. 

Highly  ikTorM>le  reports  of  the  breech-loading 
•onvBsted  Springfield  muAet  have  been  receiyed 
from  those  portions  of  the  army  where  it  has  been 
diftrilNited. 

A  few  smooth-bore  and  rifle  guns,  of  hesTy  cali- 
bre, ai«  bein^  made,  for  trial  of  their  power  and 
endonnceL  When  the  most  suitable  kinds  haye 
been  determined,  a  large  number  of  guns  for  forti- 
fieaiions  will  haye  to  be  made,  and  authority  to 
L  as  fast  as  can  be  done  ia  asked. 


U' 


IViBrKDoia.  — Further  experiments  haye  been  made 
X  at  Toulon  with  torpeobes,  and  it  has  been  de- 
cided that  in  case  of  war,  that  port  shall  be  strongly 
defended  with  these  submarine  monstors.  The 
Govemment,  howeyer,  thinks  that  the  torpedo 
snbgect  is  one  which  should  be  confided  to  a  special 
•orp«.  and  hence  a  school  is  to  be  established  at 
the  Isle  of  Aix,  where  the  mysteries  of  those 
engines  of  destruction  will  be  taught —./Inny  and 
JITory  GaxeUe, 

[xxTXD  States  astd  BamsH  SQUADB0KB.~At  the 
date  of  the  report  of  the  Secretary  of  the  Nayy, 
wm  had  on  duty  with  our  yarious  squadrons,  38 
y^seels,  including  storeships,  mounting  in  all  347 
guns.  On  December  5th,  the  English  nod,  within 
the  limits  of  their  seyerol  stations,  116  vessels, 
monntiDg  in  all  1,146  guns.  From  this  it  would 
appear  that,  besides  their  Channel  fleet,  the  Eng- 
lish haye  three  cruising  yessels  in  squadron  senrice 
to  our  oua. 

Vxw  E^OLiBR  Mo!aTOR.~The  ** Cerberus,"  ro- 
ll eentlr  launched  at  Jarrow,  and  designed  by 
Mr.  Ree<t  is  2*25  feet  long  by  45  feet  2  in.  beam, 
and  18i>  feet  deep,  the  draft  being  15}  feet  There 
are  2  turrets,  2l|  feet  diameter.  The  turrets  stand 
on  central  spindles  and  are  reyolved  by  auxiliary 
«u;^nca.  Each  turret  carries  two  18  ton  450  pdr. 
ArmatrongfL  The  hull  is  divided  into  7  water-tight 
compartments.    The  yessel  is  to  go  to  Australia. 

rB  Cbboxoscops. — A  series  of  experiments  car- 
ried out  at  Woolwich  with  the  new  chronoscope 
f^r  messnring  the  yelocity  of  projectiles  within  the 
bore  of  the  gun  invented  by  Captain  A.  Noble, 
Isto  of  the  RoyiU  Artillery,  have  been  attended,  it 
is  a  lid,  with  great  success.  The  instrument  has 
proved  itself  capable  of  measuring  the  hundred- 
iboosandth  part  of  a  second  with  great  accuracy. 

iSmiASfCB  £xpEBiME!rr&— It  is  stated  that  Ad- 
miral Dahlgren,  Chief  of  the  Naval  Bureau  of 
OrdDsnctf.  will  ask  Congress  for  a  limited  appropri- 
ation to  be  used  in  experimental  gunner}*,  as  no 
aopropriation  has  been  made  for  this  purpose  for 
the  Navy. 

Knm  vsL  Abmsthowo.— The  German  papers 
cfaum  a  decided  victory  for  Kmpp  over  Arm- 
strong in  the  late  trials  of  the  rival  systems.  The 
Euglisfa  gon  was  shown  to  be  inferior  and  spUt  at 
the  dSlth  round,  while  the  Oerman  gun  was  fired 
400  timss  without  being  damaged. 
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IBON  AND  STEEL  NOTES. 

SB    OF    Makgamzsb    IN    Steel    MAKiyG.— Bfr. 
Kobert  Mushet,  in  replying  to  a  paper  on  iron 
and  steel  by  Messrs.  Hinde,  ^ys  : 

In  their  remarks  on  the  efiect  of  spiegeleisen, 
and  of  the  preparations  of  manganese  with  carbon- 
aceous matters,  as  set  forth  in  Yickers*  and  Heath's 
patents,  Messrs.  Hinde  have  gone  completely 
astray,  and  have  fallen  into  the  common  error  of 
supposing  that  spiegeleisen  is  added  to  oxygenated 
iron  solely  to  recarbonize  such  iron.  The  fallacy 
of  this  opinion  has  been  clearly  shown  where  ferro- 
manganese  in  place  of  spiegeleisen  has  been  used 
to  de-oxygenate  molten  Bessemer  metal,  the  re- 
sults obtained  being  far  better  than  when  spiegel- 
eisen is  employed.  Now,  Icrro-manganese  con- 
tains only  at>out  one-fifth  as  much  carTOU  as  spie- 
geleisen, and  nearly  four  times  as  much  manga- 
nese, and  were  it  possible  to  produce  pure  metaflio 
manganese  free  from  carbon,  at  a  cheap  rate,  it 
would  wholly  supersede  spiegeleisen,  and  would 
enable  manumcturers  of  Bessemer  metal  to  obtain 
from  inferior  numbers  of  hematite  pig  metal, 
steel  of  as  good  a  quality  as  they  now  obtain  from 
best  selected  pigs.  Nothing  but  metoUio  manga- 
nese requires  to  be  imparted  to  oxygenated  iron  to 
produce  steel,  and  the  use  of  compounds  contain- 
ing other  matters,  is  simply  due  to  the  fiftct  that  a 
better  or  purer  form  of  metallic  manganese  than 
is  contained  in  spiegeleisen  cannot  bo  economi- 
cally procured.  Neither  under  Heath's  nor  under 
Vickers'  process  is  metallic  manganese  added  to 
steeL  Oxide  of  manganese  is  the  agent  here,  and 
its  action  is  that  of  a  flux.  Thus,  when  blister 
steel ,  which,  when  melted  and  cast  into  an  ingot, 
cannot  be  drawn  into  a  sound  bar,  or  bear  a  weld- 
ing heat,  is  melted  with  a  few  ounces  of  oxide  of 
mangantee  without  any  carbonaceous  matter  being 
added,  and  then  cast  into  an  ingot,  the  ingot  thus 
produced  can  be  drawn  into  a  sound  bar  of  steel, 
which  will  forge  and  harden  well,  and  bear  a  weld- 
ing heat  In  the  melting  pot,  therefore,  oxide  of 
manganese,  and  not  metallic  manganese,  acts  as  on 
improver  of  the  steel  operated  upon.  As  to  either 
Vickers'  or  Heath's  process  being  applicable  where 
it  is  deHired  to  de-oxygenate  decarbonized  iron,  it 
is  a  myth. 

P.iBK  AND  Love's  Steel  Pbocess.— This  is  an  in- 
vention relating  to  the  mannfiicture  of  cast- 
steel,  and  the  furnaces  used  for  that  purpose,  and 
also  for  remelting.  The  furnace  consists  of  two 
fire  chambers,  separated  by  a  fire  bridge  ;  one  of 
these  chambers  receives  a  crucible,  and  the  other 
contains  a  reverberatory  fire  chamber.  Both  cham- 
bers are  in  connection  with  the  crucible,  which  is 
surrounded  with  fuel  The  second  chamber  has  a 
curved  or  arched  top,  to  direct  the  flame  into  the 
crucible  chamber  to  the  fuel  therein,  or  lo  the 
open  mouth.  The  crucible  is  provided  with  dis- 
cnarge  holes.  After  bringing  both  fires  to  a  white 
heat,  molten  cast  iron  is  poured  into  the  crucible 
in  such  quantities  as  will  form  steel,  together  with 
malleable  iron.  Vitreous  fiuxes  are  introduced. 
Wrought-iron  scraps,  previously  brought  to  a 
white  heat  in  an  adjoining  furnace,  are  introduced 
into  the  cast-iron  in  the  crucible.  When  the  cast 
and  wrought  irons  are  mixed  and  melted  to- 
gether, the  contents  of  the  crucible  ore  drown  off 
through  the  discharge  holes.  Puddling  may  be 
carried  on  in  the  furnace  by  making  the  working 
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hole  at  the  top  iiuitefid  of  at  the  side.  The  pnd- 
dltm;  iiistnimont  Ih  an  iron  ball  on  a  bur,  worked  up 
and  down  by  chain  and  pulley,  or  by  hand. 

JAMm  ANT>  Jokes*  Stexl  PB0CEBa.-~Mee8rs.  James 
(of  Kbbw  Vale)  and  Jones  (of  Guvilan)  have 
B]>ecifliHl  A  (vatent  relating  to  the  manufacture  of  j 
stci'l,  under  which  they  claim  the  application  of 
carbouiEing  and  nitrogcnizing  gases  under  pres- 
suro  (o  wnui^ht  iron  in  a  receiver  closed  gA»-tight 
ThcKe  gosiM*  uro  formed  in  a  separate  generator, 
and  thcnw  forced  into  the  receiver  through  an  ac- 
cumulator or  otherwise,  or  the  gases  may  be  formed 
in  the  receiver  itself,  partially  or  wholly.  The  ni- 
trogenous goKoous  compound  preferied  is  cyanogen 
goH.  They  also  claim  the  use  under  compression 
of  blont-lurnui'e  waste  gases,  containing  carbonic 
oxidt\  ammonia,  and  nitrogen ;  also  other  waste 
giL^es  coutaiuing  the  necessaiy  elements  for  the 
conversion  of  wrought  iron  into  semi-steel  or 
steeL 

Tm:  Sixsicns-Mastcc  Pcocess. — Messrs:  R  Sam- 
uebion  i^  Co.,  of  Middlesborough,  write  to 
*' £ngiuet*riug  **  that  they  do  not  (as  had  been 
atatea)  remelt  the  ingots  produced  by  this  process, 
but  loll  them,  without  hammering,  into  soft  steel 
plates,  cai>ablo  of  resisting  a  tensile  strain  of  from  ^ 
to  35  tons  i>er  square  inch,  and  into  rails  which 
have  withstvKHi  repeated  blows  of  a  weight  of  21  ! 
cwt,  fiJling  frooi  a  height  of  26  feet.    A.s  to  the  use  i 
of  Cleveland  iron  -whilst  it  has  not  been  possible  i 
to  use  it  for  ttie  bath,  they  have,  by  Richardson.  ' 
Johnson  vi  Oo.*s  process  of  purification,  succeeded  i 
in  fireeiug  the  puddled  bar,  made  out  of  Cleveland  ; 
iroo,  ftom  phosphorus  to  a  nflkient  extent  to  ob- 
tain the  results  stated. 

THiB  TuPEKATrBSS  (centigrade)  best  adapted  to  | 
J.     the  tem^ring  of  various  instruments  are  seen 
in  the  foUowmg  table  :  ; 

Lancets 210»-215« 

Other  soigical  instruments 220 

Kasors 2*25 

Feuknives,  erasers 230  —235 

Scalpels,  cv>ld  chisels  &*r  iron 240 

^kwtt,  sheep  shears,  gardening  tools  250 
HatcheCSft  axes*  plane  irons,  pocket- 
knives 260-265 

T^le  knives,  large  scissors 2T0  —275 

Swords»  watch  springs 2S5 

Large  springs  duggers,  angers 290 

Saws»  some  springs 310  — 3i5        | 

Various  other  instruments  requiring  | 

Isashiicdtinuig 320  | 

I 

(tSBOHxm  SrssL.— It  has  long  been  known  that 
;     an  alloy  of  OU  parts  of  chroimum  and  4:0  puts  ■ 
of  iron  bs  ew  bard  as  to  scRiteh  glass  Like  a  dijir-  ■. 
Btond,  and  buch  an  alloy  oiuy  be  formed  by  beaung  ' 
exide  of  chromium  ia  a  blast  Aimiu>e  with  me>  j 
tallic  iion,     £xperimeni2»ars  now  beintc  carried  on  | 
lo  produce  a  species  of  ateel.  suitable  tor  rails  and  | 
other  purpcses,  by  adding  cikrume  ore  and  man- 
genese  to  the  iron  in  the  puddling  furnace  :  and  the 
results  are  said  tu  be  promising,  though  nofcyefe 
cottchisive»  I 


FWDKR  TTAinmwfc. — If  the  following,  which  his 
*'gone  the  rounds,"  etc,  for  a  year  or  so, 
works,  a  description  of  the  apparmUiA,  mould  aiop> 
pers,  strength  of  parts,  etc.,  it  will  be  gladly  sm 
prominently  quoted  and  credited  by  Van  Kos- 
trand's  Magazine:  A  French  periodical  ststas 
that  Mr.  Gsiy  Cazalat  has  invented  an  ingenioos 
process  for  compressing  molten  sleel,  intended  te 
guns,  so  effectuadly  as  to  save  all  the  }ahor  of  ham- 
mering. In  the  "upper  part  of  the  mould  into 
which  the  metal  is  run  is  an  aroaimtos  containing 
a  small  quantity  of  highly  inflammable  powda; 
which,  in  burning,  genenUes  gas  in  such  qnanti^ 
as  to  produce  thereby,  in  a  short  time,  a  presnn 
of  ten  atmospheres  This  pressure  expels  tLe  gun 
contained  in  the  steeL  and  forces  tha  meteUie 
molecules  into  the  closest  union. 

IRON  on  StESL  DZBBCT  FBOX  TBB  OSZ.— Ih  Olte 
to  produce  iron  or  steel  direct  from  the  on; 
Mr.  G.  W.  Nasarow,  of  8t  Fetersborgh.  ticate  the 
ore  with  a  solution  of  carbonate  of  soda  in  water, 
allowing  the  solution  to  stand  a  considerable  timi 
in  contact  with  the  or&  The  ireight  of  the  car- 
bonate of  soda  employed  may  be  abcat  one-fortiedi 
part  of  the  weight  of  the  ore.  The  ore  thus  pie- 
pared  is  placed  in  a  fixmace— a  reverfoeratocy  fur- 
nace supplied  with  a  hot  blast  may  be  advantage- 
ously enipLoyed.  The  <7re  is  nwlted  down  tad 
iron  or  steel  is  obtained,  according  as  the  metal  is 
allowed  to  remain  in  the  furnace  a  longer  or  shortflr 
time.  The  compact  bloom  obtained  may  be  forged 
and  rolled.  Scrap  iron  may  be  treated  in  ths 
same  way,  but  in  some  cases  it  is  necesnazy  to  add 
more  carbon. 

IiO!r  rsoac  Pmns.— Experiments  are  now  being 
made  in  New  York,  with  a  view  to  the  produc- 
tion of  merchantable  iron  from  pyrites.  At  a  re- 
cent meeting  of  the  Lyceum  of  Natural  H^tory, 
Professor  E^gleston  stated  that  the  tamnce  em- 
ployed is  similar  to  an  old  Swediah  furnace,  veiy 
much  cut  away,  and  steam  heat  is  employed  ;  this 
zoaterial  is  kept  in  the  lower  port  of  t^xrnare  at  a 
white  heat  till  o^^Iutiination  takes  pLure  ;  the  pasty 
mass  is  then  sldlltilly  worked  and  separated  into 
grains^  ami  afterwards  withdrawn.  He  wooU  nol 
prejux^  thecase,  but  entertained  no  hopes  of  sue- 


c 


>Bjii;oor.-  The  Bessemer  process  is  being  intro-. 

J    duced  on  a  vast  scale,  and  90  new  puddling 

ftuttscesare  thdngadUsd  to  this 


MAjajTACTunB  OF  Stbel.  — Pufldled  bar  is  eon- 
verted  into  SteeL,  according  to  the  invendon 
of  Mr.  V.  Gallet  ^referreii  to  in  the  M^nubjJ*mrmai\ 
by  coating  the  bars  with  a  pawte  composetl  of  wond 
if^iarcoiil.  '10  parts  :  soot,  I:i :  ium(>htai:k.  L3 :  ivory 
black,  anthracite,  plumbago.  L  each  :  tr.irbonate  oif 
lime.  'Si^  :  carbonate  of  potash.  3  to  10  purts :  car^ 
bonate  of  soda,  10  ;  caiistic  potash,  sea  9;Ut,  sal 
ammoniac,  I  each  ;  cluy,  13  ;  oxide  of  manganese. 
3  ;  and  resin,  3  purts— the  whole  comcuied  wi;a 
water.  The  iron  is  coai^id  with  the  paste,  and  tha 
oemsntaiion  cundnctiid  m  the  ^^"^pJ  munnssi 

C HOTTCto  HbsLTSD  Kbrchit,  by  pouring  it  mto  w^ 
O  ter.  is  largely  nEBst:ae<L  an«l  is  a  vr-ry  i?onve» 
uient  wjiy  of  nnlncing  urm  imti  steel  for  pfmellinv. 
But  if  the  mass  of  water  is  nut  v«ry  great  con»- 
pared  with  the  mass  of  meCai,  and  if  it  is  not  kept 
uooL  the  ^cHneratiun  of  steam  will  caose  expk^ 
sions.  In  several  of  tiie  Bnassmsr  stael  werki^ 
whore  shotting  steel  tor  remeiling  in  eruciblas  is 
practiseti,  explosions  of  wioinis  infcsiwity  hAt«  o»> 


VAN  NOSTRAND'S  ENGINEERING  MAGAZINE. 


18» 


■imply  throwing  up  the  irater  and 
S  Uie  tank.  In  Silesia,  recently,  a  sbot- 
nk   bonti  killing  and  wounding   several 


xr  BxKBMKB  PuLHT. — Mach  18  being  said, 
I  now,  in  connection  wiih  new  modes  of 
I  tteet  of  the  great  cost  of  the  Bessemer 

Tet  a  plant  capable  of  taming  oat  ap- 
of  12,000  tons  yearly,  or  250  tons  weekly, 
pair  of  5-ton  converters,  with  all  machinery 
ite,  coats  bot  £6,000 ;  the   interest   npon 

tojgether  with  ftaet  attendance,  repairs,  and 
iation,  wonld  hardly  amoant  to  hatf-a-crown 

whereas  the  cost  of  ingot  moulds  alone, 
iry  in  all  steel  melting,  by  whatever  process 
are  made,  is  as  much  as  4b.  per  ton.  Of  the 
ler  plant  the  cost  of  a  doable-blowing  en- 
rith  a  pair  of  3  feet  steam  cylinders  and  4>^ 
owing  cylinders,  with  a  stroke  of  5  feet,  is 
,  ot,  with  boilers,  less  than  £2,500.  As  com- 
vith  the  coat  of  machinery  necessary  to  work 
odoct  of  snch  a  plant,  its  own  cost  is  very 
ndeed.  For,  with  £6,000  outlay  for  Besse- 
antk  £80,000  or  ao  wonld  be  expended  in  the 
«B,  rolls,  engines,  boilers,  and  miscellaneous 
MTT,  requisite  for  working  up  1,000  tons  of 
monthly  into  goods. —£^tneerin{7. 

*k?c!i8TLTANiA  Steel  Works. — It  is  uow  over 
ear  since  a  charge  of  steel  has  been  lost  at 
fforks  through  any  £iiluro  of  the  machinery, 
i»  veasel-bottoms,  or  refractory  materials. 
Me  familiar  with  the  English  practice,  this 
;>pear  a  remarkable  resmL  It  is  due,  of 
,  to  good  construction  and  careful  monage- 
Tbe  American  refractory  materials,  as  far 
eloped,  are  not  equal  to  the  English. 

IkUXILULBT  TO  THB  BeSSSMZB  PbOCBSS. — Johu 

imncis  Bennett,  of  Pittsburgh,  has  patented 
I  of  carbonic  acid  gos,  either  alone  or  mixed 
mospberic  air,  or  wlUi  other  gases  or  vapors, 
ntrodnced  into  molten  iron  or  other  metal 
puipose  of  removing  sulphur,  phosphorus, 
y  other  impurities  which  will  form  combi- 
«  with  the  oxygen  of  the  carbonic  acid,  and 
t  the  carbon.  It  is  said  that  this  process  is 
to  be  tried  at  the  works  o!  John  Brown  & 
^ef&eld. 

<tStsel-]£axinOw— An  invention  explained 
.  a  recent  Converzatione  of  the  Institution 
H  EDgineen,  consists  in  grinding  pig-iron 
der  by  a  very  rapidly  revolving  cutter.  The 
test  generatcKl  sets  the  particles  of  metal  on 
id  after  scintiUatiufz.  they  full  down  in  a 
1  brown  dust,  m-hich  is  gathered,  placed  in 
hUf  and  melted. 

BxTBLXHnc  Ibon  Co.  have  purchased  the 
xthampton  (new)  furnace  near  their  works, 
B  adding  a  foundry  and  a  new  roUinp^-mill, 
iemens  fhmaoea,  tn  their  already  extensive 
vix. :  2  blast  fomaces,  a  rail  mill,  producing 
I  daily,  and  a  very  large  machine  shop. 

PkBHCS  Railway  ascb  Naval  Blast  Fur- 
oon»  FososB,  AMD  Steel  Wobks  Cobcpakt 
rtrodnced  the  Bessemer  process  for  the  man- 
•  or  steel  in  their  Givors  Works. 


BAILWAT  NOTES. 

RAILWAYS  IK  THB  UNITED  STATES. —The  develop- 
ment of  our  railway  system  has  been  more 
rapid  during  1868  than  ever  before.  We  have  a 
nominal  increase  of  3,450  miles  of  road,  costing 
$193,245,232.  The  actual  figures  are  probably 
3,000  miles  at  $150,000,000  cost  The  following 
table  shows  the  distribution  of  mileage  and 
cost : — 


Knai  cr  Eoam 

HaIhh 

§44.10 
783.72 
«4^.W 
1^7  i,6 
m.47 

7S2.ee 

4,4&0.AJ 

§34  T5 

4,{U7.72 

^2.00 

rf4.^fi 

i^ooa.ss 

1017.70 

1,1^7.00 
fiU.SO 

1,004.00 
§00 /JO 

Bat.riO 

1,B37.50 
fil7.r« 
1.700  03 
l,4l8.8iS 
4.0.'i3.44 
2:ft44.2ft 

a,24«.io 

l,7M.0tf 

i^s.ro 

440.09 
600.00 
I.SC17,C9 
1423.00 
ZBOM 
306.00 

aoo,uo 
J.ooi.ao 

2,0iy.£0 
«2,fln40 

Op«L 

&5§  67 
(WS.72 
€03. 60 

1,4  5.43 
i:U47 
041.23 

3,3:^,87 
072. :5 

4^.67.74 

242. §4 

467.46 

l,4ft4.-7 
i.O0flJi7 
1.074.17 

i.Ku.ao 

440  30 
§^2 .CO 
9fX;.S0 
370,.^ 

fiisgo 

1.4:l&.63 
SJ2  05 
&.3dl  07 
l.l'Jfl.M 
?,flO0  10 
3  4^^».95 

A7L50 
1.32i.90 

42D.0O 

£10.  GO 
1.343.90 

*43.0O 

ine.oo 

il20,<)0 

4W,fiO 

10.50 

ilO.TW,51t 
11»0T&,S1§ 
24^7, 14« 

m,m,m 
fi,floii.6a 

23,0i;4.6£d 

New  HaEOT«liJra...... 

VeriD'^JCt .. ,, 

Rb  ode  La  land.... 

New  york,,„,„,..^. 

ie2.B3a;,m 
ao,7?0J4a 

2a4JI2;;ST 

NV,r  Jor»<Jr--* 

land 

Afaove'i , , 

Vlrsinift... „. 

22,401,100 
47,*4'>p03» 

ffoiith  tarolilm. 

Ceyrtfla..,  „„„..,,.. 
Fionda .,., 

25,CS7.4U 
£6.131,400 
«1  .a«U  ,uTi 

1IS.M1,72« 
74,64fi.30iS 

AbibAHift 

I/)Tiii'ilana,. .  ,....*,,,. 

14.B21,VU1 
14.4'Je,0Qa 
4  21  i, [ISO 
43.0lJ|,§]« 

Tcxj* , . 

Kentucitj ,, 

28.700^94 

Ohio............ 

109.014 .101 

srkbiKM., ,..., 

llH^12P.23ft 

lUdllllAu.  ............. 

I]l1n^il9 

l»t.0AS.J03 

Wiaoophin  . . . .  ^ . . , .  „  . 

48^40,301 

i}^«4eu.ooo 

Minuosotfi, .......... 

Iowa.. 

Bl,233,«00 
2l,f!0>.nofi 

41.600.000 

a4.oi4,4aa 
^(MiKom 

0.4CO,000 
2S  GOO  rod 

N«T>nuita. 

Wfftnjlfl?  Tur. 

Missouri 

Kaj3.&3,%  ..........     . . 

C  hraJci.... 

Hah  Tar 

Ni^v^ftdiX  ,,,......,,... 

Callfornii* 

600,000 

Or€«on. 

Total  Jan.  1,1809.,... 

4l:-7i  IH 

¥l,»&3J04,o4t 

Street  railways,  say  2,500  miles,  and  double 
tracks  and  sidings,  say  25  to  30  per  cent  on  the 
whole,  are  not  included  in  the  above  table.  The 
total  length  of  sinclo  track  in  the  United  States 
can  therefore  hardly  fall  short  of  60,000  miles. 
This  is  the  work  of  40  years.  —  Compiled  from  the 
Railroad  JoumaL 

BarnsH  Railway  TBAtno  and  BlAnrnsNAiccB 
STATiancs.— The  number  of  passengers  car- 
ried in  Great  Britain  in  1866,  was  313,609.268,  or 
an  average  of  about  10  journeys  by  rail  yearly  for 
every  man,  woman,  and  child  in  Great  Britain.  In 
carrying  these  passengers  19,228  vehicles  were 
employ^  which  ran  73,383,356  miles  in  3.741,086 
trams.  It  has  been  computed  that  to  carry  such  a 
tn^c  under  the  told  system  would  require  about 
50,000  coaches,  and  more  than  half  a  million  of 
horses. 
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The  number  of  perafvns  Imvdling  by  railwn^  in 
ftud  oat  of  London  aveniges  about  300,000  dully. 
Nearly  700  tmins  run  over  the  Metropolttftn  line 
alone.  Tbe  total  n  amber  of  loc&l  Londoa  trains 
per  day  jg  about  3,600,  besideii  340  trains  which 
arrive  from  and  depart  to  distant  utations.  Dur* 
mg  the  bu^'  hours  of  railway  tratfic,  inomtng  ftnd 
eveiiiu£C,  OS  many  lut  2>000  train  fitoppaf^ee  are 
made  hourly  for  the  purpose  of  takini;  up  and 
Netting  down  passengers,  while  about  2  nuios  of 
railway  are  coveri?d  by  mnninjy  trains. 

The  annujil  loss  of  iron  by  tear  and  wear  on  the 
13,654  miles  of  railway  open  for  traffic  in  Great 
Britain  amounts  to  above  20,000  tons  a  year,  while 
about  250,000  tons  require  to  be  taken  up,  re- 
toUed,  and  rekiid.  The  wooden  sleepers,  also, 
pedsh  at  the  rate  of  about  four  miUionu  per  an- 
num, to  reaew  which  about  lU^OOO  acres  of 
pine  forest  require  to  be  cut  do  wn.  To  maintiuu 
the  permanent  way,  about  81,000  men  are  con- 
stantly employod,  at  the  rate  of  5  men  per  2  milefl 
of  double  way.  Besides  these  workmen,  there  are 
13,000  pbito-layera  employed  in  laying  down  and 
fixing  new  rails ;  40,000  artificers,  who  oonatmct 
and  repair  the  rolling  stock  ;  26,000  portetfl,  iflgnol- 
mea,  and  pointsmen  ;  6,000  guards  and  breaks* 
men;  and  U.OOt)  ettt?inf^-driver8  and  ^remeii ;  or 
a  total  of  about  177,000  railway  workmen. 

The  heaviest  item  in  the  working  expenses  of 
railways  is  that  for  locomotiye  power.  There  were 
8*1^  looomotiTsa  at  work  in  the  United  Kingdom 
in  1866,  or  about  2  engines  for  every  3  miles  of 
railway  open  ;  and  tbe  work  they  performed  during 
the  year,  wae  the  hauler  of  6  millions  of  trains  a 
diBtaaee  of  143  millions  of  miles. 

The  ayerage  working  "  life  *'  of  a  looomotivo  is 
about  15  years,  during  which  it  will  run  about 
300,000  mUea,  undergoing  durinq^  that  time  maixy 

Xts  and  renewals  ;  after  which  it  may  be  con- 
ed used  up.  when  it  is  sent  to  the  scrap  heap. 
Thus,  tolling  into  account  the  tear  and  wear  of  the 
locomotives  at  work  in  the  United  Kingdom, 
about  500  engines  have  to  be  replaced  yearly  ;  and 
as  a  good  locomotive  costs  from  jC'i.SOO  to  £3,000, 
the  expenditure  on  new  endues  amounts  to  about 
million  and  a  quarter  sterling  yearly. 

As  to  cost  of  working,  a  ]}Bsseuger  engine  will 
eonsume  about  30  lb.  weight  of  coke  per  mile,  and 
a  goods  engine  45  lb.  Hence  the  coal  and  coke 
used  in  1866  was  about  two  and  a  half  million  tons. 
The  average  earnings  of  each  locomotive  amount 
to  about  £5,000  yearly,  or  equal  to  5&  a  train 
mile.  According  to  a  recognized  formula,  the 
working  expense  per  train  mile  is  2s.  3d.,  which 
may  be  thus  divided :  Is.  for  maintenance  of 
stock*  3d.  for  maintenance  of  way,  Od.  for  coach- 
ing and  goodH  expenses,  and  3d.  jbr  miscellanaouii 
eipenses.^!^  Quarter?^  Hiview, 

Fi^T  BuxNWO.— A  train  on  the  Chicago  and 
Northwestern  recently  made  the  unprece- 
dented run  of  91  miles  in  90  minutes.  The  quick- 
cfll  prior  runs  of  which  we  have  any  record  are  as 
follows  :  In  Eoghind  18  miles  by  a  special  train 
in  15  minutes.  In  the  United  States,  14  miles  in 
1 1  minutes,  by  an  engine  and  6  cars,  on  the  New 
York  Central ;  10  miles  in  7^  minutes,  on  the 
r^nsylvtmia  Railroad  \  144  miles  in  2  hours  49 
minutes,  on  tbe  Hudson  River  rosui  ;  84  miles  in 
00  minates*  from  Indianapolis  to  Union  City  ;  305 
miles   in  7  hours  42  minutes,  from  Albany  to 
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,itEooif  BiuiecH  or  rai  PACtrto  Rux^way,— ll 
will  require  ouly  about  330  miles  of  r«llroad  to 
open  a  communication  between  the  Union  Fedfle 
Railroad,  near  the  north  end  of  Salt  Lak«.  and  (ht 
city  of  Portland,  in  Oregon,  Tbe.  whole  ditftaact 
is  645  miles,  but  300  can  be  travelled  by  sieambOiH 
on  the  Snake  and  Columbia  rivers. 

PERMANENT  Way  of  the  Losdok  MrraoFOLzzis 
Hailwat.— All  the  rails  on  this  line  are  at 
steel  weighing  S4  pounds  per  yard,  and  resting  on 
sleepers  placed  about  2  feet  8  inches  apart^  ccnUe 
to  centre,  and  1  foot  10  inches  apart  at  the  joiQl«» 
which  are  made  with  fish  plates,  and  i  IxjICs  sei^ 
en-eighths  ineh,  diMneter.  The  sleepers  are ' 
upon  14^  inches  screened  graveL 

Tronsa   Bailwatb.— The  resoarees  of 
traffic  are  in  a  measure  shown  by  thn  eom3 
of  the  Smyrna  and  Cassaba  Railway, '' 
now   earning  £2,000  a  week,  or   n 
mile  per  week.     During  tbe  week  Li^i.  x.,,.r 
4,696  passengers  and  2,106  tons  of  goods  were  car- 
ried. 

RAiLWAT  FKuncES  are  somewhat  nsed   in  Gtfit 
Britain.     There  is   one   across    the    Tayj"^ 
Droughty,  and  one  acroes  the  Forth  at  Or 
They  are  only  for  ^oods  train  a.     The  boats  i 
25  short  cars  at  a  time. 

DnrcH  Railways. — A  new  link  in  the  line  1 
Amsterdam  to  Paris  was  recently  opened- 
Utrecht  and  Waardeuburg— and  the  whole  ._ 
is  promised  to  be  completed  by  the  end  oi  thii 
year. 

GoviftNMKNT  kTn>  Railways.— A  strong  ^ 
is  being  brought  to  bear  upon  the  »..»» 
Government,  in  favor  of  buying  tne  Irish  milwsyi 
upon  terms  submitted  during  the  laet  seifiioo  of 
Parliament  by  a  joint  committee. 


Britisk 


MISCELLANEOUS. 

REsotmcra  AN©  WoBKS  at  Pknttstltwia.  — Tbe 
anthracite   coal  productioti  of  t  in- 

crcAScd  fr<3m  365  tons  in  1820  to  12  oi 

in  1867.  The  biturainous  coal  field  h-y^ 
square  miles  ;  the  anthracite,  470.  The  produ 
of  pig  iron,  begun  in  1720  in  Chester  county, 
been  increased  and  diffused  until  it  amounted  is 
1867  to  839, 49C  tons.  PenusylT^nia  is  first  among 
our  States  in  the  production  of  both  coal  and  iroQi 
and  second  only  to  Massachusetts  in  the  range 
and  extent  of  her  manufiMitoring  industry,  Shs 
has  9T2  miles  of  canals,  whieh  ooet  $38[,G«]0,397, 
and  3,097  miles  of  completed  ittUioada,  which  oost 
about  $250,000,000,  being  foremost  of  all  the 
States  except  po8««ibly  Illinois,  in  railroads,  and  be> 
fore  all  but  New  York  in  canals. 

SCALE  IK  Loooiiorrrs  BotLSWL— The  locomo- 
tive superintendent  of  the  Chioigo  and  North* 
Western  Railway,  has  for  3  yeora  poet  eoO' 
coeded,  although  using  very  hard  water,  in  keq»* 
ing  his  boilers  free  from  scale  by  merely  intro- 
ducing once  in  about  3  months  l^  *^  of 
pure  sine,  in  pieces  about  one-half  rSbr 
ThLn  appears  to  gnMluaUy  clean  the  L...  ..  ^..  i  to 
prevent  the  formauon  of  fresh  sesle^    The  ^aA 
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diasohm  in  from  3  to  5  months,  and  the 
u&oes  of  the  boiler  plates  are  then  found 
with  a  thin  coating  of  zinc,  as  are  also  the 
•crews  taken  out  for  examination. 

at  Scssw  SHAns.— It  is  bnt  lately  that  the 
•emia  was  lost  by  the  breaking  of  her  screw 
ithin  the  stem  tnbe,  the  broken  ends  foul- 
I  so  forcing  away  the  after-end  of  the  shaft, 
Emitting  a  flood  of  water  into  the  hold. 
snssia,  of  the  Hamburg  American  line,  pat 
»oentlT  on  her  way  to  New  York,  with  ner 
ihsit  DToken,  bat  happily  not  inside  the 


on  OF  CoBBUOAizD  IsoN.^We  devote  this 
ith  more  space  than  we  shall  ordinarily  al- 
a  sin^  article,  to  the  comprehensiye  paper 
B  sobject  It  is  a  paper  that  can  hardly 
iensed,  and  as  it  is  comparatiyely  new  mat- 
1  bkely  to  be  fireqaently  referred  to,  it  will 
a  nsef al  and  convenient  in  this  form,  than 
bd. 

!Txw  ToBX  Stock  Yaxd  at  Commnnipaw 
en,  with  its  buildings,  15  acres  of  ground. 
ersge  market  consumption  of  New  York  per 
t,  beeves,  5,500  ;  of  swine,  about  21,000  ;  of 
md  lambs,  about  22,000.  The  capacity  of 
>batoir  for  slauf^htering  and  dressing  is  :  of 
from  6.000  to  7,000 ;  of  swine,  upwards  of 
;  and  of  sheep^  upwards  of  25,000. 

Books.  —Under  this  head  we  intend  to  give, 
h  month,  the  titles  of  all  prominent  new 
K>nnected  with  Engineering,  together  with 
brief  abstract  of  reviews  of  them  by  our 
iporarios. 

^Ew  Dam  at  Cobobs  across  the  Mohawk 
T  will  be  the  largest  work  of  the  kind  in  the 
It  is  1.640  feet  long,  from  U  to  20  feet 
6  to  IS  feet  wide  at  the  bottom,  and  10  at 
.     Some  500  feet  of  the  dam  are  completed. 

aul's  CATHKDBAii. — The  total  cost  of  the 
tion  of  8t  Paul's  Cathedral  was  £747,954 
less  than  $4,000,000.     It  is  slightly  Lurger 
«  New  York  Court  House. 

SHIP  construction  and  engines  will  form  the 
lect  of  a  comprehensive  article  ia  the  March 
r  of  this  magazine. 


t  Dam  at  Bock  Isl.and,  is  seven-eighths 
,  mi]~^  long,  and  from  8  to  14  feet  wide,  and 
3  a  million  feet  of  lumber. 

Locomotives  for  mines,  quarries,  stock 
Is,  etc.,  to  take  the  place  of  teams,  are 
g  by  Grioe  &  Long,  Philadelphia. 


NEW  BOOKS. 

TTLPfTSa  IN  InON  AHD  StEEL.  a  PBACnCAL 
i-mZ  OrriNO  full  details  of  COKSTRUCTIOy, 
IBS     OF     XAXUFACrORE,     AND    BUILDINO     AB- 

Qcm ;  wrrR  bbsults  of  experiments  on  i 

rD  STEEL.  AVD  ON  THE  STBENOTH  AKD  WATER 

tm  or  RIVETED  WORK.     By  £.  J.  Bbed,  C.  i 
ef  Constructor  of  the  Navy,  Vice  President . 


of  the  Institution  of  Naval  Architects,  and  Hono- 
rary Member  of  the  Liverpool  Literary  and  Philo- 
sophical Society. 

There  are  several  excellent  works,  by  distin- 
guished authors,  on  this  subject  Mr.  Scott  Bus- 
sell  and  Professor  Bankine,  go  very  fully  into  sta- 
bility and  form  of  least  resistance.  Mr.  Beed 
treats  in  a  more  comprehensive  and  practical  man- 
ner of  details  of  construction,  and  strength  of  ma- 
terials and  forms.  The  vrork  is  complete  in  one 
8vo  volume  of  540  pages,  and  the  excellent  plan  of 
having  the  illustrotions  inserted  in  the  letter-press 
has  been  followed,  thus  avoiding  the  necessity  for 
a  separate  volume  of  plates.  There  are  upwards 
of  260  wood-cuts,  and  five  steel  plate  engmvings. 
The  book  is  divided  into  chapters  on  the  strength 
of  iron  ships :  on  keels,  keelsons,  and  garboard 
strakes ;  on  stems ;  on  stem-posts ;  systems  of 
framing,  in  various  chapters  ;  deck  stringers  and 
plating  ;  bulkheads  ;  topsides ;  rudders  ;  iron 
masts ;  steel  plates  for  ship-building  ;  rivets ;  test- 
ing iron  and  steel ;  Lloyd's  and  rules  for  Up- 
building ;  armor  plating,  etc.  The  best  evidence 
that  can  be  adduced  in  favor  of  the  practical  na- 
ture of  the  work  is  that  the  Lords  of  the  Admiral- 
ty have  directed  that  the  examinations  in  practical 
iron  shipbuilding  of  candidates  for  promotion  in 
the  Boval  Dockyards  will,  in  the  mam,  be  based 
upon  Mr.  Beed's  treatise. 

"  Engineering  '*  says  of  the  work : 

Not  only  is  it  distinguished  by  its  essentially 
practical  tone,  and  the  fcdlness  of  the  information 
It  affords  with  respect  to  details,  but  it  also  con- 
tains several  other  novel  features,  which,  in  our 
opinion,  are  well  worth  notice.  One  of  these  con- 
sists in  the  fiict  that,  instead  of  giving  the  usual 
historical  sketch  of  the  progress  of  iron  shipbuild- 
ing, that  progress  is  trac^  in  the  notices  of  the 
various  parts  of  the  ship.  For  example,  in  the 
chapter  on  **  keels,  keelsons,  and  garboard 
strakes,"  there  is  given  an  account  of  the  steps  by 
which  shipbuilders  passed  from  the  wooden  and 
hollow  iron  keels  and  keelsons  of  the  early  ships 
up  to  the  present  arrangements.  This  course  is 
followed  throughout  the  work,  and  has  the  further 
interest  of  sometimes  showing  how  arrangements 
which  had  fallen  into  disuse  had  been  re-applied 
recently.  Before  the  appearance  of  this  book,  no 
accurate  and  detailed  account  of  the  changes  made 
in  the  construction  of  iron-clads,  from  the  time  of 
the  Warrior's  bailding  up  to  the  present,  had  ap- 
peared. This  want  has,  however,  been  supplied 
most  satisfactorily  in  the  present  volume.  We 
find  in  this  volume,  also,  fuller  notices  of  the  prac- 
tice of  private  builders  with  respect  to  the  various 
parts  of  iron  ships  than  have  ever  previously  ap- 
peared. Scarcely  any  of  the  great  firms  remain 
um-epresented. 

SdOORAPHT,  OR  BaDIAL  PROJECTION  OF  SHADOWS. 
By  B.  Campbell  Puckett,  Ph.  D.,  Head 
Master  of  the  Bath  School  of  Art  London  :  Chap- 
man &  Hall,  193  Piccadilly,  1868. 

This  work  is  well  reviewed  by  the  *'Meohanios' 
Magazine,**  which  sa3rs  : 

Soiography,  or  the  science  of  shadows,  has  never 
received  that  special  attention  it  deserves.  This 
is  evidenced  by  many  architectural  drawings, 
where  the  attempt  to  unite  the  mechanical  projec- 
tion of  shadows  with  perspective  representations, 
produces  many  errors,  and  shadows  of  the  most 
impossible  character.    To  correct  this  tendency  bv 
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tn«dnii  of  a  leit*book.  has  fullen  to  tlie  lot  of  Dr. 
Fiickett,  who  has  well  perfttrmed  hia  part  Tho 
work  ia  Tcry  properly  limited  to  the  perspective 
projection  of  shadowH^  nud,  thereforo,  pro-sup* 
pesos  a  knowledge  of  linear  pQrs]>ective  on  the 
pftrt  of  the  stmieut.  It  form^,  therefore,  &  supple* 
ment  to  perspective  atuditis. 

T3B   Mechanic's  a?«d  STimEfT*«  Guide  cr  the 
DssioxiNa  AND  CoNsrriiDCTioN  or  Gkneeai.  Ma- 

CHDCS  GEAnrNG,  AH  E0CENTBIC3,  BCBEWS,  TOOTHliD 
WHBSXiSt    &€,,    AND   THE     D&AWINO  OF     RECTILINEAL 

un>  conYSD  ftuuFic^a,  with  pbactical  rules  akd 
DSTAnA.  Edited  bj  Francih  Heebket  Jotmson, 
author  of  *'The  MetaU  Used  ia  Coofltniotion." 
EdiDbarph  :  William  P,  Niinmo,  1868. 

The  *'  Bu-ilding  News"  state-s  that  ihia  book  goes 
very  fully  nnd  tiatisfactordy  into  the  subject  of 
shotting.  The  *'  Alt'chnoic*!'  MutraziDo  "  Bays  r  The 
Student  mU  find  niln^jj  for  the  (*o  jib  true  tion  of  the 
ftbQve  part<i  of  machiuery,  islh  well  i\b  pni^^tical  mica 
and  details  for  drawing  rectilineal  and  curved  nur- 
face's.  Of  course,  tliis  work  assumes  an  acquaint- 
ance  with  mochaaical  drawing.  The  details  and 
calcuIiUions  of  shails,  pedoHtais,  and  pulleys,  are 
carefully  considered,  after  which  we  Ixuve  a'  Relec- 
tion  of  geometrical  prohtemi).  The  volume  ia  ao- 
compauied  by  eighteen  sheets  of  dia^ranu. 

APracttcai*  TnjSATism  on  the  Majtofacttjiib  o? 
Portland  Cehbnt.     By  Hisnbt  Reid,  C,  E. 

To     WHJCU     Ifi     ADDED    A    TraNSIUTIOS    OF    M,    A. 

LipowiTz'a  woRK^  pUHCRinrNa  a  new  iccthod 
A£>oPTEi>  IN  Germany  of  MANUFAcruRiNr*  that 
cement,  lly  W.  F,  Keid.  Londun  :  E.  Jt  F,  N* 
8pon,  48  Charing  Gross.     1863. 

**The  Eagineer"  says  this  is  an  excellent  nnd 
thoroughly  pmctical  treatise.  Tbe  *♦  New  York 
Tribune"  says:  *'Amons  the  chief  merits  of  the 
book  are  ei tensive  plagiarismH  from  Bliijor- 
G  si^TiU  G>nmi>ro*a  standiiid  American  treatise  on 
LI  tilt  4,  Hydnialio  Cements,  and  Mortjirs.  Wopre- 
tiuuie  the  profession  in  America  are  perfectly  wil- 
ling to  furnish  material  for  the  write rn  of  books  on 
llio  olher  Nide  of  the  water,  provided  duo  credit  is 
^iven,  nnd  the  ordinivry  courtesy  among  gentlemen 
ia  obs  ji'ved  in  the  matter." 

A  Treatise  on  ts»  MrrALnmor  of  Iron.  Con- 
tAtninj^  ouiliaes  of  tbe  history  of  Iron  Maun- 
tiiclare»  methods  of  aesay*  and  analyses  of  irou 
orest  proces8e<<)  of  manuf»voture  of  iron  and  steel, 
etc,  Bj  II.  Bauerman.  F.  O,  rt»  First  Amaricun 
edition  reviscid  and  enlarged,  with  an  appendii  on 
the  Martin  prnce^ss  f>r  raakin*;  steel,  fiom  the  re- 
port of  Abrum  S.  Hewitt*  U*  S.  Comrai^8ioup^  to 
the  Universal  Eipositlon  at  PAris,  lStJ7.  Illu*u 
tmted  with  numerous  wood  enjjravinga,  New 
ICork  :    Virtue  &  Yoreton,  D.  Van  Ni><*trand, 

ThU  work  has  already  had  a  wida  circublion, 
and  is  officially  adopted  as  a  regular  book  of  rcfar- 
ejn*o  in  one  of  our  best  en^neeriug  achools.  For 
a  comparatively  Kraall  and  cheap  book,  it  is  per- 
hrtp**  the  best  and  most  thorough  work  in  print^  uu 
this  subject 

I?i4]ffpLB3  OF  Modern  Steam,  Ga«»>  atd  Ate 
J  Enoines.  By  Joiis  Botjaa's,  C,  E.  London : 
I/ODgmim%  Green,  Header,  4  Dyer,  P,4temoster- 
tow. 

Pivrts  VL  and  VH  of  this  admirable  trea- 
Hiie  are  now  publiahed-     The   author  continual 


the     discussion     upon     water-jet      pamps    and 
p  ampins:     engines.       He     then      eute»     npoB 
the    subject    of   fire-en  q^inea.     We    oext   haw  •] 
dissert^ition  upon   blowinij  enqine*.     The 
which  accompany  parts  VL  and  VIL  reprettnttht  I 
slide,  expansion  and  valre  gear,  and  th?  boilen  of] 
It.    M.  8.    ''RuBsio^'*  and  the    15    horse  po^v  j 
high  pressure  inverted  screw  eu^e.  m;ulc^  al  (ht  ' 
Motala  Iron  Works,  Sweden.     The  qnahty  »jf  Mr. 
Bourne's  writiDgs  on  the  Bteam-en^ae  and  kiih  | 
dred  subjects,  is  too  well  known  to  require  cobh 
menL 

PEnaoKAL  Recollections  of  Ekousb  ISNGiNmt 
AND  OF    THE    IntBODUCTION    OF    THE    RaILWaT 

System  into  the   Dkited  KiNoi>oir.     Bj  a  Otil 
Engineer,  Author  of  the  "  Trinity  nf  Italy,'*    Lok  | 
don  :    Ilodder  &.  Stoughtou,  27'  PatetrBoster-row, 

In  cloRing  a  long  reTtew  of  this  bonk  ttaj 
*'  Builder"  says  :  The  book  which  we  haTe  tkiif  I 
condeuBe<l  will  be  found  amtmng,  as  well  as  io*  [ 
structive  readiuR,  Engineers  and  contrActors  vUl  | 
recognize  in  it  many  portraits,  thou  '  ism  i 
bo  not  written  beneath  the  picture  ;  ^.oal 

will  discover  hints  here  and  there  J.     .   ._,  ueir  ] 
attention.     Other  authorities  d>  not  eonailertbt 
book  as  taking  rank  among  acien  tlQc  work^ 

Modern  Screw  Pbopulsion.  Bv  N.  P.  Buioft 
London  :  E.  &  F.  N.  Spon,  4»  Cboritii;  Crow. 
This  treatise  has  reached  Part  X.,  in  which  tbt 
chapter  on  the  modem  details  of  screw  propellea 
is!  concluflod,  and  an  interesting  chi\ptGr  on  beir- 
ings,  by  Mr  John  Penn,  i;*  given.  Pju-ticuLiraj 
engraviugH  are  given  of  the  experiments  nnd 
ratus,  by  wliieh  Mr.  Penn  proved  tbe  pn  ., 
utility  of  wool  bearings  when  snbmer^a  ia  i 
water.  The  3  plates  accomponyinL^  this  part 
illustrate  the  geometry  of  the  screw  propeller,  a 
3  blided  twin  screw  propeller,  and  thd 
try  of  the  Griflith'd  screw  propeller, 

Irrioation  n  Southern  EtTBOPK,  betno  tki  wsh 
PORT  Of  A  Tour  df  lN6t»ECTioN  OF  THK  Ijpuoa* 
riON  Works  of  France,  Sp.irx.  and   Italt,   un- 

nERTAlLEN    IN    18G7-03    FOR    THE    GovXRTfT«%-T    UF 

Indi*^.  By  Lieutensnt  U.  C  So3it  M«>:vcKrEFF. 
Royal  Engineers  Ashoc,  Inst  C  E.  L:>ndon  :  & 
&  F,  N,  Spou.  43  Charing  Cross. 

APracncu*  Treatise  on  Heat,  ah  APrusB 
THE     U^JLTVL    AtLTA  ;    FOB    THE   USE    DF 

neers.  ARcurTECTs,  .to.     By  Thomas  Box.  Ah 

of  "  Pnictical  Hydraulics.'*      London  :  H  &  F.  2t 

Spou,  -l^  Charing  Cross,     1SB3. 

This  is  pronounced  by  competent  MithofitlM  t» 
be  a  valoable  work, 

i  Manual  of  Practical  AwATiNr*.  By  Jonw 
A  Mjtch;:t.l,  F.  C  H.  Third  edition,  edite<l  by 
William  CaoouEa,  F.  It  B.,  etc  Loudon : 
Lon'^man,  lt<C8, 

This  is  a  new  and  mnch  enlarged  edition  of  « 
standtvrd  work.  It  is  an  octavo  Tolome  of  TtfO 
pages. 

I  PRicnoAL  Treatikb  on  METALLirnoT,  ttdap%- 
il  eil  from  the  last  German  edition  of  Prot 
Kerl's  Metallurgy.  By  Wm.  Gaocoua.  F.  II.  a.  «ta„ 
nnd  Er*NHT  Rohrio,    Ph.    U,    M.    E.     Loodoo : 

Longmiimt,  ISGS. 
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ORT  OF  DECARBURIZING  ffiON.     I^y  *^«  ^"*^«^  Patent-office,  may  be  fairly 

,      ,  ,. .   I  presumed  to  embrace  nearly  every  invention 
•ubjeot  of  greatest  interest,  at  this  J^^  ^^^^^^     Probably  no  process  of  sufficient 


0  the  engineering  profession,  and  to 
>Iie  (excepting  only  the  conntruction 
new  Cabinet),  is  the  cheapening  of 

1  a  malleable  form.  The  success  of 
llershausen  process  of  making  malle- 
pig^blooms,  by  mixing  ore  with  iron 
ftDS  from  the  blast  furnace,  has  stimu- 
an  amount  of  experimenting  entirely 
iedented  in  the  history  of  the  iron 
aeture.  We  venture  to  say,  that  in 
eonsiderable  iron  works  in  the  United 
,  the  ore  process  has  been  more  or 
ried,  in  some  form,  during  the  last 
months,  and  that  in  at  least  half  these 
iahmcnts  the  E llershausen  turn-table, 
ae  other  mixing  apparatus  is  in  process 
istr action  or  in  experimental  use. 
rates,  for  decarburizing  crude  iron,  are 


Probably  no  process 
novelty  to  become  the  subject  of  a  patent, 
has  remained  unprotected,  and  the  British 
list  is  likely  to  embrace  the  inventions  not 
only  of  Britain,  but  of  America,  France  and  * 
Germany,  because  improvements  in  the  iron 
manufacture  are  worth  more,  and  will  pay 
better,  in  England,  than  in  any  other  coun- 
try. American  inventors  generally  obtain 
patents  in  England  first,  to  be  certain  of  sc- 
ouring their  claims  there.  Of  course  there 
are  many  experiments  that  never  become 
the  subject  of  patents  or  publications — but 
mere  experiments  that  have  not  been  able  to 
lead  to  successful  practice,  are  no  bar  to  the 
issue  of  patents  to  other  and  successful  ex- 
perimenters with  the  same  means  and  in  the 
iiame  direction.  And  although  the  publica- 
unrecorded   trials   and 


.         ...    -  .     -.       .,  tion   of    the   many   «.*.^^>,.«,.«   ...-«,   ««^ 

he  subject  of  experiments,  either  upon  ^^j^^^^^  ^^^^  have  been  made  and  suggested 
.Ian  of  Heaton,or  as  an  auxiliary  to  ^^^^^  ^^  ^^  j^^^^^^^^  j^  ^^^Ij  ^^f%^  ^^ 
ing.  Nearly  every  expert  in  iron  very  great  value  as  compared  with  a  record 
tog  has  a  scheme  of  his  own,  and  the  ^^  ^^fented  inventions;  there  is  certainly 
it^fficew  getting  as  crowded  with  iron  [^^^-^^^^g  ^^  ^^^.  ^^  ^y^^  unrecorded 
ieel  papers  as  with  claims  for  veloci- :  ^j^^^^^^   ^^^^p^   the  laborious   and  costly 

^*         , .     .         ,       -  1   .      .    i- 1  means  of  patent  suits,  which  from  time  to 

•tat  this  time,  therefore,  an  abstract  of  I  ^j^^  ^^H  '       ^^^^  ^^  ^y^^  ^^^^  imporUnt 
istory  of  p-rifymg  crude  iron,  will  be 
we  think,  Lot  only  with  interest,  but 

rrofit.     Many  thousands  of  dollars  that 
otherwise  btt  wasted  in  the  attempt  to 
It  processes  that  are  old,  may  be  saved 


important 
ones — generally  with  little  practical  effect. 

We   propose    to   give    abstracts   of    the 
**  Abridgements  of  the  Specifications  relat- 
ing to  the  Manufacture  of  Iron  and  Steel," 
-   ^  ,      _  -,       ,     .    <in   the    department   of    decarburizing   and 

careful  reference  to  patents  already  in  jf  i^  erude  iron  so  as  to  make  it  malic- 
ence.  The  official  and  most  caretully  I  |;^l/^^5  tenacious.  For  convenience  of 
ircd  abstracts  of  specifications,   issueil   reference  we  shall  prefix  to  each  abstract  a 

very  brief  statement  of  what  the  patent  is 
about — the  gist  of  the  matter ;  and  although 


k»l  if  to  Mj,  malleable  after  being  gaflBeiently 
I  !•  b«  got  Into  tho  form  of  a  paddle  ball. 

Vot.  I.— No.  8.— 14. 
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wc  shall  omit  all  merely  formal  parts,  we  ;  It  is  then  melted  In  the  close  TeMcli  above  de 
bhiill  quote,  in  the  words  of  the  patent  itself,    »cr|bed.  ^      «      .  ^   ,  , 

11  *i  »1a^    ,«*^*i.  .*  c 41^    „„  ^ r       *«•  "To  the  in>n  thus  flourished  I  sometinwfl 

all  those  statements  that  form  the  essence  of  „^,^i  ^  ^j,^^,  proportion  of  small  pieces  of  malleabl. 
the  invention,  and  would  be  the  subjects  of  iron,  when  the  cast  ::ietal »'  is  very  brittle,  and  the 
legal  claims.  .  coals  very  sulphurous. 

,     3d.    "I  al^Ml  take  the  same  cast   metal,  and 
DHCARBURIZATION     AND     PCRIFICATION  ,  melt  it  down  in  an  air  furnace,"  and  then  I  remittee 

l>Y     \|RANH      OP       r*w%3iwr»        Aksiivo       a  a  t  t*        I^ 


Payne,  John.— 1728,  Nov.  21. 


CINDER    A8IIES    SALT   >  "^    '  ^^^^^  small  grains  (according  to  art)  by  pour- 

T    «  Jt    n  \  <u-  '  '  I  ing  it  into  water  upon  a  wheel  or  roller  turned 

SILEX,  POTASH  AND  CLAY.  ,  briskly  round.    The  granulated  nie»«l  "  is  "mixed 

No.  505.  '  ^  '^'^  various  fluxes,  according  to  its  nature  and  the 
'  j  uses  for  which  the  iron  is  intended,  as  with  iroa 
The  improvements  in  the  manufacture  of  iron  I  slag  or  cinder,  scales  or  scoria  of  iron,  fhsible 
couMist  "  in  putting  certain  ingredientii  into  fusion  !  sand  and  lime,  kelp,  soajier's  waste.*'  The  duxes 
with  pig  or  sow  iron;  videlicet,  the  ashes  of  wood  ,  or  additions  ''  I  put  with  the  grannlated  metal 
and  other  vegetables,  all  kinds  of  glass  and  sand-  ,  into  clo^e  vessels,  and  work  "  in  the  air  furnace, 
ever,  common  suit  and  rock  salt,  argile,  kelp,  and  \  as  above  described. 

pot  ash,  slegg  or  cinders  from  iron  furnaces,  and  j  4th.  The  cast  iron  is  sometimes  "  formed  intt 
forges,  proportionable  parts  of  the  said  ingredients  { thin  ]»lates.''  which  are  broken  "  into  small  pieces 
being  i>ut  into  fusion  or  melted  with  pig,  sow,  or  i  and  put  into  the  pots,"  with  **  due  pro|M>rtioD  of 
other  brittle  iron,  which  will  make  the  like  change  i  fluxes,"  and  so  **  reduced  to  a  malleable  state." 
as  charcoal  does  in  the  Are  called  the  flnery  in  |  Vote,'-M ixing  wrought  iron  tcrap  with  cagtirtm 
common  forges  and  will  render  the  same  niio  ^i.^^jfU,  j,raclicaldeveiopmeHt  in  the  SHemems-Mar- 
state  of  malleability,  as  to  bear  the  stroke  of  the  '  ^^,j  procttt 

hammer,  to  draw  it  into  barrs  or  other  fonns  att  the  I      jj^^  granulation  of  iron  by  meant  of  water  and 
pleasure  of  the  workman,  and  those  or  otiier  barrs  !  ^^^  revolving  tabie,  u  now  practised  in  preparing 
being  heated  m  the  said  meltc»d  ingredients  ma  iy^n /or  crnri6/«  **re/«aitiii^aii«/o/Arr»i»o»MM. 
long  hott  arch  or  cavern,  as  hereafter  IS  described;  I      3/^,   ,oaper  t  waste  re/erred  to,  is  wood  ashes 
and  those  or  other  bars  are  to  pass  between  two  !  containing  potash  or  soda. 

large  mettall  rowlers  (which  have  proper  notches  |      ^he  "  raw  pitt  coal  "  re/erred  to  in  the  title,  is 
or  furrows  upon  their  surtass),  by  the  force  of  my  ,  ,„^j  ^^  the  finery. 
engine  hereafter  described  or  other  power,  into 
such  shapes  and  forms  as  shall  be  required." 

Note. — The  "finery  "  referred  to  is  the  run  out 
or  fining  fire  still  in  use  in  England — blowing  air 
down  upon  melted  iron  to  partially  decarburize  it 
preparatory  to  farther  refinement.  The  Bessemer 
process  is  a  vast  enlargement  of  this  idea. 

The  "  long  hott  arch ''  described  in  another  part 
of  the  patentf  is  a  reverberatory  furnace.  This 
subject  and  other  features  of  the  iron  manufacture 
yfill  be  taken  up  in  another  series  of  articles. 

Kelp  is  calcined  stU'weid  ash.  ^^ Argile**  or 
argil  is  alumina. 

FINERY  IRON  MIXED  WITH  8LA0,  SCALES, 
SAND,  LIME    AND    OTHER    FLUXES,    AND 


MAKING  CAST  IRON  MALLEABLE  WITHOUT 
BLAST,  BY  QRANULATINQ  IT  AND  EB- 
PEATEDLY  MELTING  IT  IN  POTS  WITH 
CINDER,  SCALES,  SAND,  LIME,  ASHES 
AND  OTHER  FLUXES,  AND  SOMETIMES 
WITH    SCULL    OR   SCRAP   IRON. 


John  and  Charles.  — 1763, 
No.  794. 


Wood, 
July  29. 

The  pig  iron  is  either  granulated  by  being  pour- 
ed hot  into  cold  water,  or  pounded  with  heavy 
stampers.  Scull  or  cinder  is  pounded  in  like 
manner.  If  the  iron  be  of  re<l  short  quality  it  is 
Hprinkletl  with  strong  lee  of  kelp,  and  then  flonr- 
SOMETIMES  WITH  MALLEABLE  SCRAP,  I  ^'**»^'^  *^r  melted  in  closed  pots  with  proper  fluxes, 
AND  MELTED   IN   CRUCIBLES.  .^uch  as  slag  scales  or  scoria  of  iron,  sand,  lime, 

Kelp,  or  soa|K'r  s  waste. 
Wood,  John. — 1761,  Feb.  5.     No.  759.       if  this  operution  does  not  sufficiently  flourish  or 

"A  way  of  making  malleable  iron  from  pig  or   fr*"'''  "'"  '"'°  '",  h""™;  ",  "  »P»«''.  •"""«»  ."j 
•ow  metal"  and  of  making  "themalle.ble  iron   J'"  """'1^"'  »"«*  "ow'-hed  .  «.-cond  or  third 

H'r'l^ircri  ."^:m:VT^iai'''^  '•-  -  .«  .hen  again  pounde...  and  «>metime. 

•*  preparatory  "  and  others  "  peculiarly  es8t»ntial." 


The  pig  iron  when  prepared  as  hereinafter  men- 


mi.xed  with  pure  scull  or  scrap  iron,  and  is  dc  for 
chafllng  or  melting  in  the  close  pots,  with  a  cov- 
ering of  clay,  when  it  becomes  "  )>erfect1y  tough 


tloned;  is  put  into  close  vessels  of  clay  and  mixed    ' ' ' '»  "*  ' '"f '  ;  "" 'i  •    T  C  T '  iV   'a       5 

with  the  duxes.    The  crucibles  being  hermeticallv  :  fllll^^^T.^ :\'   i?  mJI'm  1!  ^      ''''''"^'     ""^'^'  '*"• 

scaled,  are  placed  in  an  air  furnace.  Snd  their  con'-  ,  *"""'"^'^  "*^^  **^^^  blooms." 

tents  arc  melted;  the  flu. xes  and  impurities  form  '  ^^^INO   PIG   IRON   MALLEABLE  IN  A  RE- 

sluff.  and  **  the  iron  is  brought  into  rf  toui^h  and 

malleable  state,"  and  then  is  wrought  into  bars!       VERBERATORY  OR  AIR   FURNACE   WITH 

under  the  forgo  hammer.    The  preparatory  oi)era-  j      RAW  PIT  ONLY. 

**  Tt-'^'nako  pig  or  sow  iron."    "  This  I  flour-  ',_  9!'^^'*"^'-^"^,"^'./''°     G«0»0«— 
Isli  or  heat  and  work  in  a  common  llnery,  with  a   l'^^»  June  It.     ^0.  ool. 
blast"  and  coal  Are  until  it  hi  reriniMland  **brought '     "  The  pig  iron  is  put  into  a  reverberatory  or  air 
-  to  a  malleable  sUte,"  or  brought  to  nature.  ^  furnace,  built  of  proper  construction,  and,  without 


VAN  NOSTRAND'S  ENGINEERING  MAGAZINE. 


195 


ioo  of  anything  more  than  common  raw 
is  converted  into  good  malleuble  iron, 
5  taken  red  hot  from  the  reverberatory  fur- 
the  forge  hammer,  is  drawn  into  bars  of 
hapes  and  sizes,  according  to  the  will  of 
.man." 

— Wf  here  tee  the  iwiportance  of  contider- 
late  of  the  art  at  the  time  when  the  inven- 
maae.  J/ler  Cyrt  had  invented  puddlingf 
M  specification  would  have  bteUt  in  general 
description  of  that  important  invention. 
re  CurVe  tpecifieation  was  issued  {see  ab- 
f  it  farther  on)  we  doubt  \f  Cranage* s 
9e  guided  any  one  "  skilUd  in  the  arty**  to 
The  two  words  *' u  converted'*  stand 
'hole  process  of  stirring  up  the  iron  with 
.'•  The  use  of  raw  pit  coal,  which  gave 
tt  value  to  CorVs  invention,  u,  however, 
d.  (See  Percy^s  Metallurgy^  Iron  and 
636.) 

LAPID  DECARBURIZATION  IN  THE 
BT  Br  THE  USE  OF  MORE  TUYERES 
A  MORE  DIFFUSED  AIR  BLAST. 

ICTT,  JOUN.-1771,  May  2.  No.  988. 


I  bellows  must  not  be  so  strong.    When  some  of 
!  the  iron  is  sunk  in  the  fire  you  must  work  fVom 
I  the  bottom  as  when  you  make   iron,   but  keep 
melting  iron  as  at  first.     When  there  is  a  sufficient 
quantity  to  make  a  loup  let  the  whole  sink  to  the 
bottom,"  when  it  may  be  fused  and  shingled,  and 
drawn  as  common  iron.    '*  The  fire  must  be  kept 
as  fVee  from  cinder  as  possible.    The  addition  of 
I  common  salt  and  other  saline  substances,"  and 
j  animator  charcoal  dust,  improves  the  steel.     "  The 
finest  steel,  after  it  is  made  as  above,  may  be  con- 
verted  in  the  same  manner  as  common  steel  is 
made  fVom  bar  iron." 

\  Note. — The  decarburized  iron  appears  to  be  re- 
carburized  by  keeping  the  pig  iron  melting  above 
it  after  it  is  sunk  in  a  loup,  and  also  by  charcoal 
dust,  and  it  may  be  further  recarburized  by  **  con* 
verting." 

Steel  is  here  mentionedby  name^for  the  first  time 
in  the  patent  records. 

I  MAKING  MALLEABLE  IRON  FROM  PIG, 
'   WITH  RAW  COAL  OR  COKE,  WITHOUT 
GRANULATIONS  OR  ADMIXTURES,  FROM 
BROKEN  AND  WASHED  FINERT  IRON. 


itent  first  describes  making  malleable  iron 
X  managed  ")  in  the  finery,  fVom  ore  mi.x- 
:inder 


Jesson,  Richard,  and  Wright,  John. 
—Oct.  30,  1773.  No.  1,045. 
Pig  iron,  or  scull  or  cinder  iron,  is  melted  in  a 
>n  is  made  into  wrought  iron  by  heating  ,  finery  with  blast  and  with  raw  coal  only,  and  taken 
for  a  bloom  or  loup  in  an  air  f\irnace,  or  I  out  in  lumps  while  hot.  beaten  into  plates  by  a  fiat 
ows.  The  heated  metal  is  then  put  into  |  stamp  or  hammer,  broken  small  and  well  washed 
or  bloomery,  and  melted  with  charcoal  by  hand  or  in  a  rolling  barrel.  The  broken  metal 
comes  to  nature,  when  it  is  sunk  into  a  |  is  then  melted  in  un  air  furnace  or  in  closed  pots 
d  another  charge  is  supplied.  The  finery  and  then  "  beat«n  into  bars  fVom  a  chaficry  in  the 
)f  meul  plati>s,  open  on  two  or  more  sides,  common  way."  If  the  metal  be  red  short  or  cold 
len  may  work  at  least  on  two  sides.  "In-  short,  it  is  mixed  in  the  pots  with  the  proper 
having  only  one  tuiron  "  for  the  blast,  quantity  of  scrap  ornutt  iron. 
?  **  several  tuirons.  so  as  to  direct  the  Note.— T^ere  appears  to  be  nothing  new  or 
n  the  bellows  to  (jporate  upon  the  iron  in  \feaiible  here,  except  the  washing  in  a  rolling  bar- 
rt  r,f  thu  «!.«  "     Ti,e  number  of  tuirons  is  ;  re/,  if  red  short  iron,  which  the  patentee  mentions, 


rt  of  the  fire.* 


I  accordiug  to  the  nature  of  the  iron, 
ew  finery,  and  new  method  of  working, 
:  a  greater  supply  of  wind  than  the  com 


was  used  ;  the  lumps  taken  out  of  the  finery  and 
hammered  would  not  require  much  farther  breaks 
ing  up,   even  if  the  carbon  were  sufficiently  re- 
an  air  reservoir  with  valves  is  con-  I  moved  to  rendtr  the  mass  malleable.    If  he  made 
to  regulate  the  bla.st,  the  sujiply  ]Hi\nf;\  this  process  work,  he  has  not  told  us  how. 
by  the  requisite  number  of  bellows.  | 

FLUID  IRON  PROM  THE  SMELTING  FUR- 
NACE STIRRED  AND  WORKED  (AND  IT 
WOULD  APPEAR)  PUDDLED  IN  AN  AIR 
FURNACE  BY  THE  AID  OF  AIR  BLAST 
AND    WATERY   VAPOR. 


—Ninety-eight  years  ago  this  iron  worker 
ter  appreciation  of  the  theory  of  air  re- 
hich  has  since  been  so  successfully  worked 
ttsemer,  than  nome  of  Bessemer*s  competi- 
to-day.  The  idea  of  diffused  blast  is  one 
ding  ideas  of  Beuemer's  invention,  and  if 
t  had  blown  a  little  harder,  so  as  to  penc- 
metal.  he  would  have  made  a  loup  malle- 
wkole  or  in  part,  but  he  would  not,  of 
'itk  any  means  then  known,  have  produced 


No. 


Onions,  Peter. — 1773,  May  7. 
1,370. 

-  .         .  Two  Aimaces  are  used,  a  common  smelting  fur- 

able  metal  m  a  liquid  state.  Some  of  the  nace  and  another  furnace  of  stone  and  brick, 
imantsof  the  Bessemer  invention  used  but  *' hound  with  ironwork  and  well  annealed,"  into 
«,  and  did  not  diffuse  the  blast.  I  which  the  fluid  iron  or  metal  is  received  from  the 

'  smelting  furnace.  '*  A  quantity  or  stream  of  cold 
»  **STBEL  or  a  high  iron  like  j  water  is  run  or  put  into  the  cistern  or  trough  un- 
LED  STEEL  DIRECTLY  FROM  PI o  i  der  the  ash-grate."  The  f\irnace  is  then  charged 
IN  A  BLOOMERY.  i  ^***^  ^*^*  ^^^  closed  uj),  and  the  doors  luted  with 

j  sand.  The  blast  is  then  admitted  below  the  grate,and 
•YEAR,  James. — 1771,  Dec.  20.  .  when  the  furnace  is  sufficiently  heated  the  liquid 
UO.  I  iron  metal  is  taken  ft-om  the  smelting  fiirnace  in 

ladles,  and  introduced  through  an  aperture,  which 
J  the  pig  or  cast  iron  in  the  fire  as  when  |  is  then  closed.  The  blast  and  fire  are  then  used 
d'to  make  bar  iron,  but  the  bUst  of  the  | ''  until  the  metal  becomes  less  fluid  and  thickens 
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into  A  kind  of  paste,  whiuli  the  workman  by  open- 
ing the  door  turns  and  stirs  with  a  l)ar  or  other 
iron  instrument,  and  then  closes  the  aperture 
again,  and  must  apply  th(!  blast  and  fire  until  there 
is  a  ferment  in  the  metal."  It'  no  ferment  ensues, 
a  blast  of  cold  air  is  to  Ikj  blown  upon  the  metal 
from  an  extra  pi[)e.  *•  As  the  workman  stirs  the 
metal"  the  scoria  will  separate,  "and  the  parti- 
cles of  iron  will  adhere,"  these  the  workman 
••  must  collect  or  gather  into  a  mass  or  lump." 
This  is  to  be  reheated  to  a  white  heat,  and  then 
taken  to  the  forge  hammer  and  forged  into  malle- 
able iron.  Instead  of  running  fluid  metal  into  the 
ftirnace,  pig  iron  may  be  placed  and  melted  there, 
and  operated  upon  as  above  described.  The  forgo 
hammer  is  connected  with  an  air  cylinder  whose 

fnston  is  attached  to  the  helve,  and  is  worked  by 
t.  The  cylinder  is  either  placed  above  the  helve 
and  acts  as  a  buffer  on  the  compression  principle, 
or  is  placed  below  and  on  the  exhaust  principle 
draws  down  the  hammer. 

Nj>TE.— //  it  difficult  to  tee,  from  the  patent  re- 
cordt,  why  thit  patent  doet  not  in  a  great  degree 
anticipate  CorVt.  Oniont*  drawingt  thaw  a  re- 
verberatory  furnace,  and  not  a  bloomery  or  finery 
fire  in  which  the  fuel  and  iron  might  be  mixed  to- 
gether. The  tttrrinff  with  a  bar,  the  entuing 
fermentation,  the  coming  to  natvre  and  the  aggre- 
gation of  the  puddle  bah,  are  distinctly  described. 
{See  alto  Percy's  Metallurgy,  Iron  and  Steel,  page 
C38.) 

The  direct  blast  of  air  would  not  be  considered 
an  element  in  puddling,  at  explained  now-a-dayt 
ty  Mr.  Siement.  (See  Van  Notirand't  Mag.,  Vol. 
l,Ao.  l,pa^e  88.)  * 

•^  consulerable  quantity  of  tt earn  mutt  have  been 
formed  under  the  grate,  and  passed  over  with  the 
fiame.  The  modem  Pomeroy  process  revives  this 
practice. 

Peter  Onions  was  a  successful  iron  maker  ;  his 
9enoicledge  of  the  tubject—Qii  years  ago^wat  cer- 
tainly tn  advance  of  the  timet, 

PUDDLING. 

CoiiT,  Hknry.— -1784,  Feb.  l.S.  No.  1,420. 
On  Jan.  17, 1788,  Mr.  Cort  patented  a  process 
of  faggoting  bar  iron  and  of  welding  }»v  rolling  in 
grooved  rollert.  The  title  of  the  puddling  patent 
of  1784  is  as  followi  :  »'  Shingling,  welding,  and 
manufacturing  iron  and  steel  into  bars,  plates, 
rods,  and  otherwise,  of  purer  quality  in  larger 
quantities  by  a  more  effectual  application  of  fires 
and  machinery,  and  with  greater  yield  than  any 
method  before  attained  or  put  in  practice." 

The  patentee  uses  a  rererberatory  furnace  heat- 
ed by  coal,  having  a  concave  bottom,  into  which 
the  fluid  metal  is  run  from  the  furnace,  or  pig 
iron  is  put  in  and  melted.    When  the  workman 
Oiacovers.  by  looking  through  a  hole,  that  the 
petal  is  sufficiently  melted,  he  opens  an  aperture. 
oy  prefcrt-nce,  In  the  bottom  of  the  door,  and 
J^orka  and  atira  up  the  mass  of  metal  with  iron 
■**ra,  ••  which  operation  is  continued,  as  may  ho 
^qnisita.  dnring  the  remainder  of  the  process." 
^n  ebullition  of  the  metal  soon  takes  place,  and 
I    ?  ■•*"ing  with  the  bar  is  continued  till  the  metal 
"    *"«nrlshed  and  brought  to  nature."  when  it  is 
wwiected  In  loops  and  drawn  out  of  the  d.»or .    All 
*'i   Diecei  that  may  happen  to    remain  are 
vaj.    The M  with  muII  and  parloga  and 


nut  iron  may  be  thrown  into  the  furnace  and 
worked  up  with  the  iron  while  it  is  being 
brought  to  nature.  The  iron  so  prepared  may  be 
stamped  into  plates,  broken,  piled,  and  worked  ia 
an  air  furnace,  in  pots,  or  without.  '*'  But  the 
method  invented  by  me  Is  to  continne  the  loop* 
in  the  same,"  *'  or  reheat  them  "  in  another  air 
furnace  to  a  welding  heat,  and  then  shingle  them 
into  half  blooms  or  rlaos.  These  may  be  heated 
in  the  chaffery,  '*  but  my  new  Invention  is  to  pot 
them  again  in  the  same  or  another  air  famace" 
from  which  the  half  blooms  or  slabs  are  taken, 
and  either  drawn  down  under  the  hammer  or 
rolled  through  grooved  rollers  at  a  weldint 
heat.  Iron  and  steel  so  prepared  is  of  good 
quality;  whether  the  blistered  steel  be  made  ttttm 
fagoted  iron  or  from  iron  made  by  the  above  pro- 
cess.  **The  whole  method"  is  "completed  without 
using  flnery,  charcoal,  cokes,  chafiery,  or  hollow 
flre  without  requiring  any  blast"  or  **  the  use  of 
fluxes." 

Note. — Thit  patent^  and  the  patents  cf  Sitlton, 
(hot  blatt)y  Heath  (carburet  of  manganese  im  ttetl 
making)^  Bcttemer,  Muthst,  (recarburization), 
Siemens,  and  we  may  perhaps  add,  the  process  of 
Ellershauten^  are  the  most  remarkable  ta  the  his- 
tory of  the  iron  manufacture.  With  the  exeeptitm 
of  Bessemer* s  process,  CorVs  has  made  a  greater 
revolution  in  refining  iron,  and  hat  stimulated  and 
cheapened  production  in  a  greater  degree  than  any 
other  vrocess. 

Puddling  <'  without  the  use  of  fluxes,"  however, 
at  tpecially  ttated  by  Cort,  has  already  gone  out 
of  use.  and  the  improvements  that  are  creattd  bynr 
y^ill  grow  out  of  the  Ellershausen  process,  are 
likely  to  revolutionize  puddling  to  as  threat  a  de- 
gree as  puddling  revolutionized  blooming.  In  the 
best  practice,  the  ore  used  in  fettling  supplies  the 
waste  caused  by  the  oxidation  of  iron  in  the  pud- 
dling furnace,  and  improves  the  quality  of  the  pro- 
duct. More  recent  experiments  in  the  puddling 
furnace,  with  as  much  as  ZO  per  cent  of  ore,  vuf- 
verized  and  worked  into  the  melted  iron,  nate 
increased  the  yield  from  six  to  eight  heats  per  day, 
thus  decreasing  the  cost,  and  at  the  same  time 
making  good  the  waste  of  iron,  and  improving  the 
quality  of  the  product. 

(To  be  continued.) 
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MPLOTMKNT     OF    CoTTON     WA8TE     AS 

J  Manure. — M.  Dupont-Poulet,  a  French 
cotton  spinner,  has  for  the  last  ten  years 
used  his  cotton  waste  for  seed  beds  and  earlj 
crops.  lie  mixes  it  carefully  with  stable 
mnnnre,  and  thus  avoids,  as  be  anys,  the 
burning  and  the  chills  which  manure  alone 
often  causes.  M.  Dupont-Poulet's  example 
has  been  followed  by  his  neighbors,  some  of 
whom  have  gone  beyond  him  ;  one  of  them 
had  the  idea  of  using  cotton  in  the  forcing  of 
asparagus,  that  is  to  say,  he  spread  a  layer  of 
cotton  waste,  about  eight  inches  thick,  over 
one  of  his  asparagus  beds,  and  found  that  the 
snow  when  falling  upon  it  disappeared  very 
rapidly;  he  was  able,  without  any  other  cover- 
ing but  the  cotton,  to  gather  fine,  tender,  well- 
flayoured  asparagus  in  the  midst  of  winter. 
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POWER  CONSUMED  BY  DRILL& 

:tract8  from  a  report  by  captain 
clarinoal,  professor  in  the  artil- 
LERY AND  engineers'  SCHOOL  AT  METZ. 

TraniUied  hj  John  B.  Pearae. 
Ib  order  to  ascertain  the  power  required 
bore  a  hole  of  given  diameter  in  wronght 
•n,  the  following  points  must  be  consider- 
:  The  kind  of  iron,  the  direction  in  which 
I  hole  ia  bored,  its  depth  and  diameter, 
»  lubricating  material,  the  form  of  the 
ill  and  its  speed.  The  experiments  were 
ndncted  with  an  ordinary  drill  press,  while 
B  power  consumed  was  measured  by  Mo- 
r*  dynamometer.  The  wrought  irons  used 
the  experiments  were  a  very  hard  variety, 
rted  under  the  steam  hammer  at  the  forges 
3Iontigny-les-Metx,  and  a  soft  rolled  iron 
«i  the  iron  works  at  Abainville.  The  drills 
ed  were  center-bits  and  a  flat  drill  of  ex- 
tly  equal  diameter,  driven  at  the  same 
eed,  and  lubricated  with  oil  and  afterwards 
th  soap-suds.  Cast  iron,  bronze  and  steel 
re  then  similarly  experimented  on.  The 
uclnstona  derived  from  the  above  experi- 
mts  were  the  following : 

(1.)  The  amount  of  power  necessary  to 
til  with  a  center-bit  into  wrought  iron,  re- 
tina quite  constant  so  long  as  the  depth  of 
B  hole  does  not  exceed  0.U5  meter :  as  soon 
this  limit  is  passed  the  required  power  in- 
sases  rapidly. 

(2.)  The  power  consumed  in  boring  across 
e  fibres  is  almost  independent  of  the  depth 

the  hole ;  the  original  power  is,  however, 
mewhat  greater  than  that  required  to  drill 

the  other  direction.  Since  however  the 
wer  required  in  boring  in  the  latter  diroc- 
>n  increases  greatly  with  the  depth,  the  total 
wer  required  to  bore  a  given  hole  across  is 
ich  less  than  that  required  to  bore  it  in 
e  direction  of  the  fibres. 
(3.)  The  power  required  to  bore  a  hole  of 
ren   diameter  increases  with  the  hardness 

the  iron.  The  use  of  oil  to  lubricate  the 
ill  diminished  the  power  required  about 
i,  as  compared  with  that  required  when 
ip-auds  were  used.  This  holds  good  as  well 
hard  as  in  soft  wrought  iron.  | 

(4.)  The  results  obtained  with  center  bits. 
Id  good  also  for  flat  drills  ;  the  latter,  how- 1 
M-,  require  a  greater  power  than  the  former, 
is  shown  below. 

(a.)  The  power  required  by  a  flat  drill 
)25  meter  in  diameter,  to  bore  a  hole  in 
s  direction  of  the  fibre,  is  about  1.25  times 


as  great  as  that  required  by  a  center  bit  of 
similar  diameter  operating  under  similar  cir- 
cumstances. 

(b.)  The  power  required  by  a  flat  drillj 
0.025  meter  in  diameter,  to  bore  across  the 
fibres,  is  about  1.4  times  as  much  as  that  re- 
quired under  similar  circumstances  by  a  cen- 
ter bit. 

(c.)  When  the  diameter  of  the  drills  is 
0.015  meter  the  above  quantities  become  1.6 
and  1.8  respectively,  which  seems  to  show  that 
small  drills  require  a  comparatively  greater 
power  than  large  ones.  When  the  diameter 
of  the  drills  is  0.008  meter,  the  above  pro- 
portion becomes  1.52,  which  corroborates  the 
above  conclusion. 

These  results  agree  with  practice,  since 
the  flat  drill  is  commonly  used  only  for  holes 
0.008  meter  in  diameter,  and  under,  which  do 
not  permit  the  use  of  the  center  bit  or  pin 
drill. 

Effect  of  Velocity. — In  order  to  es- 
timate the  effect  of  the  velocity  of  the  drill, 
a  drill  of  0.025  meter  was  driven  at  a  speed 
(on  its  circumference)  of  0.22  meter  per  sec- 
ond, and  also  at  a  speed  of  0.125  meter. 
The  power  consumed  per  second  is  clearly 
less  at  a  slow  speed  than  at  a  high  one,  but 
the  power  required  to  bore  a  given  hole  is 
about  the  same  in  each  case,  l^or  instance, 
the  power  required  to  bore  a  hole  0.0074 
meter  deep  (in  the  direction  of  the  fibres)  at 
a  speed  of  0.22  meter,  amounted  to  23.49 
meter-kilogrammes,  and  to  21.8  at  a  speed 
of  0.125  meter :  across  tlje  fibres,  the  power 
required  at  the  high  speed  was  24.8  meter 
kilogrammes,  and  22.3  at  the  low  speed. 

It  appears  then  that  the  power  required  to 
drive  the  drill  at  either  speed  is  not  very 
materially  diffierent.  Hence,  the  reporter 
concludes  that  the  speed  of  the  drill  should 
be  as  great  as  possible,  to  diminish  the  re- 
sistance offered  by  the  metal,  and  that  the 
feed  should  be  heavy,  and  both  so  far  as  pos- 
sible without  destroying  the  edge  or  boring 
too  rough  a  hole. 

The  average  advisable  circumference  speed 
of  drills  is  0.12  meter  per  second  in  wrought 
iron,  0.06  meter  in  cast  iron  and  0.15  to  0.18 
in  bronio  (gun  metal).  When  these  veloci- 
ties are  exceeded  the  drill  is  apt  to  become 
soft,  and  when  they  are  not  reached  the  work 
is  not  economical. 

The  pulleys  of  the  drill  press  used  for 
these  experiments  are  so  calculated  that  the 
following  oircumforenco  speeds  of  drills  oould 
be  obtainod : 
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MiUimeter. 

Millim. 

Milim. 

Diftmeter  of  drill ...     3  to  10 

10  to  20 

20  to  25 

Speed  at  ciroumfer- 

ence 34  to  115 

77  to  154 

104  to  183 

Feed 16 

lu 

7.5  milim. 

per  mm. 

Power  Demanded  by  Boring  Ma- 
chines.— As  the  hardest  wrought  iron  ne- 
cessitates the  most  power,  M.  Clarinoal  based 
his  experiments  on  that  forged  at  Montigny, 


which  b  generally  acknowled^d  to  be  Teij 
hard,  and  compiled  the  following  tables  fron 
the  results  of  numerous  experiments  on  tUi 
wrought  iron,  on  cast  iron  and  on  brome. 
The  first  table  denotes  the  power  required 
bj  a  center-bit  in  boring  a  holo  of  giren  di- 
ameter and  depth,  whue  the  second  table 
gives  the  corresponding  results  in  the  caw 
of  a  flat  drill. 


Tlible  showing  power  required  in  one  seamd  by  a  cenier-fnt  boring  at  different  depth*  in  had 
wrmight  iron,  ordinary  gray  cast  iron,  and  gun  metal  (II  parts  tin  and  100  jiartM  eopper\ 
the  feed  being  one  millimeter  per  minute. 
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Table  showing  power  required  in  one  second,  by  a  flat  drill,  boring  at  different  depths  in  hard 
wrought  iron,  ordinary  gray  iron,  and  gun  metal  (11  parts  tin  and  100  ports  copper),  the  fed 
being  one  millimeter  per  minute. 


DiPTB  OF 

Hard  W.oug.t  I«ok.             j  ^"''^"  ,®»^^  ^^"              Gusr  M.tal. 
DUmeterofhoIe.                   !       Dia«e\«  of  hoi..               IMa-Ur  of  hole. 

UOLC. 

7.5  millim. 

1                     '                    i 
5.5  millim.  1    S  milUm.      7.5  miUlm.  j  5.5  millim.  '  7.5  millim.     5.5  mUlim. 

t                      ■'                      1                      1                       ■ 

Millimeter. 

Meterkilo. 
gmmine. 
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gnmme. 

Meterkilo.  \  Heierkilo- 
gnmme.    \    ftAmme. 

Meterkilo.  1  Meterkilo-     Meterkilo- 
fTftmme.        gramme.     ;    gramme. 
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1.5 
S. 
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5. 
•  •  •• 

l.S 
1.8 
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• .  .• 

1.08 
1.C8 
1.08 
1.08 
1.08 

0.0 

1. 

1.2 

1.4 

1.9 

2.4 

of 

Labricaied  with  toAp-fiidt.                       Bored  dry. 

Bored  dry. 
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results  in  wrought  iron  apply  to 
:hcj  should,  according  to  M.  Clari- 
iminished  by  about  one-tenth  to 
oft  wrought  iron ;  and  as  the  ex- 
prere  made  with  soap-suds  as  iubri- 
erial,  the  powers  given  should  be 
,  say  one-fifth,  when  oil  is  used  as 
ktor. 

bove  tables,  the  power  consumed 
the  given  holes  with  a  feed  of  one 

per  minute,   is   taken  as  unity. 

to  ascertain  the  power  required 
f,  with  a  given  feed,  it  is  only  ne- 
multiply  the  figures  in  the  tables 
A  fed  per  minute. 

parLson  of  results  obtained  with 
both  kinds  of  the  same  diameter 
tr),  shows  that  the  power  required 
flat  drill  in  cast  iron  is  2.6  times 
s  that  required  to  drive  a  center 

cients  on  hard  white  cast  iron, 
it  the  power  required  to  drill  such 
^ery  nearly  double  that  stated  for 
iron.  It  appears  from  the  tables 
ower  required  to  drill  cast  iron  is 
stant,  no  matter  what  the  depth  of 
lay  be. 

eriments  made  on  steel  showed  that, 
lar  circumstances,  more  power  was 
to  drill  shear  or  soft  steel  than  to 
cast  steel,  and  that  flat  drills  in- 
e  power  necessary  by  at  least  one- 

larinoal  concludes  with  the  foUow- 
ks: 

arly  the  same  power  is  required  to 
wrought  iron  and  hard  east  steel. 
e  power  re([uircd  to  bore  soft  steel 
eh  greater  than  that  required  for 
ght  iron,  but  the  former  increases 
th  the  depth  of  the  hole.  Thus, 
:h  of  five  or  six  millimeters,  the 
sumed  in  drilling  with  soap-suds  in 
a  hole  fifteen  millimeters  in  diame- 
al  to  that  consumed  in  boring  one  of 
e  millimeters  in  diameter  in  hard 


PURIFYING  IRON  ORES. 

ON  FLUOR   SPAR   AS  AN   AGENT  FOR  PURI- 
FYING   IRON    ORES    CONTAINING    PHOS- 


PHORUS. 


Br  H.  Cabon. 


:lic  Pipe  Engineering. — 
•s.  Walsh  and  Watkins,  contractors, 
a  11-inch  plute  iron  water-pipe, 
Int  on  a  mountain  side  in  Tuol- 
it}',  California,  down  the  mountain, 
reck  and  up  theascent  on  the  other 
1  8,800  feet  in  length,  and  under 
icular  pressure  at  the  lowest  poiut 
it. — Mining  and  Scientific  Pre^s, 


Translated  by  John  B.  Pearte,  from  ^'Comptes  Ren- 
das"  and  *<  Berg  and  H&tten  Zeituug.'> 

I  have  already  had  the  honor  of  communi- 
nicating  to  the  Academy  the  results  of  my 
attempt  to  improve  those  pig  irons  which  are 
smelted  from  non-manganiferous  ores,  which 
ores  form  a  great  part  of  those  occurring  in 
France.  I  was  enabled  to  show  by  exact 
experiments  that  the  addition  of  manga- 
nese (in  the  form  of  its  oxides)  to  the  furnace 
charges  had  the  effect  of  removing  or  keep- 
ing out  of  the  iron  an  appreciable  quantity 
of  the  sulphur  and  silicium  present  in  the 
ores  and  fuel.  Since  that  time  the  experi- 
ments of  the  laboratory  have  been  carried 
out  in  the  trade,  and  there  are  now  few  fur- 
naces where  the  addition  of  the  oxides  of 
manganese  has  not  brought  about  a  marked 
improvement  in  the  quality  of  the  pig  metal. 

I  found  at  that  time  that  the  oxides  of 
manganese  had  no  effect  in  carrying  off  phos- 
phorus, although  they  acted  so  favorably  upon 
sulphur  and  silicium.  I  therefore  endea- 
vored to  find  some  means  of  effecting  the  re- 
moval of  the  former  body,  and  now  confine 
myself  to  the  communication  of  the  only 
method  which  has  given  satisfactory  and  cer- 
tain results. 

The  ores  of  iron  which  contain  phospho- 
rus, contain  it  principally  in  the  form  of 
phosphates  of  iron,  alumina  or  lime ;  in  or- 
der to  combat  the  evil  effects  of  these  phos- 
phates it  was  customary  to  mix  large  quanti- 
ties of  lime  with  the  ores,  as  lime  was  com- 
monly supposed  to  have  some  effect  in  this 
direction.  Unfortunately,  however,  these 
phosphates  of  lime  are  slightly,  or  rather  not 
j  at  all  fusible,  and  the  addition  of  large  quan- 
I  titics  of  silicious  ore  was  necessary  to  cause 
the  slag  to  flow  readily. 

What  is  now  the  result  in  the  blast  fur- 
nace? Phosphates,  silicia  and  carbon  are 
in  immediate  contact — just  as  in  W(ik!er's 
method  of  preparing  phosphorus;  there  re- 
sult therefore  silicious  slag  and  iron,  carbon 
and  free  phosphorus,  which  latter  naturally 
combine  to  form  a  cold  short  pig  metal.  It 
is  certain  that  this  re-action  actually  occurs 
in  the  furnace  as  the  analysis  of  slags,  from 
ores  containing  a  good  deal  of  phosphorus, 
show  very  little  of  this  element,  while  it  is 
very  rare  that  the  same  is  not  present  in  in- 
l  jurious  quantity  in  the  iron.     Let  us  suppose 
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that  lime  takes  up  the  phosphorus  of  the 
ores,  the  problem  then  before  us  is  to  find 
some  fusible  subotance  which  contains  no 
silica,  and  can  dissolve  the  phosphate  of  lime, 
without  decomposing  it.  It  seemed  a  priori^ 
as  if  fluor  spar  was  such  a  substance,  and  I 
endeavored  to  ascertain  its  virtues  as  follows : 

(I.)  A  mixture  of  phosphate  of  lime  and 
j3uor  spar  was  placed  in  a  crucible  of  com- 
pressed coke,  which  was  placed  in  a  clay 
crucible  and  surrounded  with  charcoal. 

(2.)  A  mixture  of  phosphate  of  lime  with 
silica  was  placed  in  a  similar  crucible.  Both 
crucibles  were  then  exposed  to  the  heat  of  a 
cast  steel  furnace,  with  the  following  results : 
The  crucible  containing  the  phosphate  of 
lime  with  silica  was  eaten  completely  through, 
and  the  phosphorus  had  disappeared.  The 
otlier  crucible,  on  the  contrary,  was  whole, 
merely  a  little  of  the  coke  alone  having  been 
melted  off ;  the  fused  mass  contained  phos- 
phorus and  phosphoresced  when  struck  with 
a  hammer.  It  was  therefore  certain  that 
fluor  spar  dissolved  the  phosphate  of  lime 
without  decomposing  it. 

I  accordingly  experimeuted]as  follows  upon 
phosjihate  of  iron : 

(I.)  A  mixture  of  phosphate  of  iron  with 
lime  and  fluor  spar,  was  placed  in  a  bras<|ued 
crucible. 

(2.)  A  mixture  of  phosphate  of  iron  with 
lime  and  silica,  was  also  placed  in  a  similar 
crucible. 

These  mixtures  treated  as  before  gave 
the  subjoined  results.  The  crucible  con- 
taining silica  was  eaten  through,  and  the 
graphitic  button  of  iron  was  easily  broken 
up  under  the  hammer.  The  other  crucible 
was  whole,  and  the  resulting  button  was 
somewhat  flattened  out  before  it  could  be 
broken  up,  while  the  fracture  showed  that 
the  iron  was  mottled.  The  first  button  con- 
tained three  (3)  times  as  much  phos[>horus 
as  the  second,  which  on  being  remelted  be- 
came entirely  white.  The  influence  of  the 
fluor  s]>ar  was  therefore  established  beyond 
a  doubt. 

On  operating  analogously  upon  ores  con- 
taining |^)hosphorus,  which  always  contain  a 
comparatively  small  quantity  of  phosphates, 
an  appreciable  inii)rovonient  resulted  from 
the  substitution  of  the  fluor  spar  for  silica, 
although  the  improvement  became  less  mark- 
ed, the  less  phosphorus  the  ore  contained. 
Not  only  are  tiicse  ])hosphates  soluble  in  fluor 
sjMir  but  also  sulphates  and  arscniates  ;  oven 
alumina  is  taken  up  by  this  agent  and  retain- 
ed in  the  slag  without  the  aid  of  silica. 


GOVKRNXENT  CONTROL  OF  TELEGRAPHS 
IN  England. — The  acquisition  of  the 
telegraphs  of  the  United  Kingdom  by  the 
Government,  and  their  being  placed  under 
the  Post-Office  administration,  had  been 
mooted  for  some  time ;  last  spring,  action  be- 
gan to  be  taken  and  inquiries  made  ;  the  i^ 
suit  has  been  a  large  correspondence  ind 
cross-fire  of  pamphlets  between  the  Poit- 
Oflice  and  telegraph  companies.  This  cleaied 
the  way  for  the  government  bill,  which,  after 
being  committed,  and  much  time  spent  in  dis- 
cussing and  amending  its  objects,  finally  pan* 
ed  both  Houses  of  Parliament  and  became  t 
law.  It  empowered  the  Post-Office  to  buy 
up  all  the  telegraph  systems  of  the  varioot 
telegraph  companies  of  this  country  who  were 
willing  to  sell  their  property.  This  all  haie 
been  found  willing  to  do,  and  meetings  have 
been  held  authorizing  the  directors  to  agree 
to  the  Post-Office  terms,  which  have  been 
usually  a  twenty  years'  purchase  on  present 
rates.  The  final  amount  to  be  paid  to  the 
various  telegraph  companies  has  to  be  settled 
by  arbitration.  Agreements  have  also  bees 
entered  into  between  the  Postmaster-Genersl 
and  the  various  railway  companies,  by  the 
which  it  is  settled  that  all  wires  belonging  to 
the  railway  company,  and  used  by  them  for 
their  special  services  of  train  signalling  or 
otherwise,  shall  remain  theirs,  in  addition  to 
which  the  railway  company  will  in  future 
maintain  all  wires,  poles,  and  telegraphs,  the 
property  of  the  Government,  passing  over 
their  lines.  Under  this  arrangement,  there 
may  be  perceived  the  following  curious 
change — what  the  telegraph  companies  for- 
merly did  and  still  do  for  the  railway  com- 
panies the  railway  companies  will  now  do  for 
the  Government. 

The  Post-Office  are  making  great  internal 
changes  preparatory  to  taking  charge  of  the 
telegraph  system,  and  to  complete  the  trans- 
fer it  is  now  only  necessary  to  bring  into 
Parliament  the  bill  for  providing  the  neces- 
sary funds.  It  is  anticipated  that  this  will 
be  done  very  early  in  the  year,  and  by  July 
I  it  is  most  probable  that  the  various  tele- 
graph companies  will  have  handed  their  sys- 
tems over  to  the  Government. — Mechaiucs' 
Magazine, 

I^HE  Heaton  Process. — The  discussion 
.  on  the  merits  of  this  process,  still  occu- 
pies many  dreary  pages  in  the  London  news- 
papers. Nothing  very  new  or  important  has 
been  elicited.  We  shall,  in  a  future  num- 
ber, give  a  very  brief  abstract  of  the  situa- 
tion up  to  date. 
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'LDAU  SUSPENSION  BRIDGE  AT 
PRAGUE. 

iculiarit  J  of  this  bridge  is  that  there 
ne  pier,  or  tower,  and  that  is  in  the 
r  the  river,  so  that  the  bridge  is 
rmed  of  only  two  half  spans,  each 
ig  in  the  clear  305  feet  six  inches, 
ineaa  of  pier  being  eighteen  feet  at 
n.  The  distance  from  face  to  face 
lents  is  629  feet ;  on  each  shore  there 
m  for  the  anchorage  chains,  &c.,  to 
inch  a  distance  inland  as  would  be 
if  towers  were  nsed  instead  of  abnt- 
And  it  was  considered  advisable  to 
y  one  pier  or  tower  in  the  river,  to 
much  as  possible  intercepting  the  ice. 
urticulars  of  the  work  are  thus  given 
peering  '* :  The  bridge  is  for  foot 
rs  only,  and  has  a  clear  width  of 
»et  from  end  to  end.  Each  column 
ier  being  built  clear  of  this  width 

the  chains  being  wider  apart,  in 
the  center  of  the  bridge  than  at  the 
its ;  this  arrangement  gives  the  struc- 
liderable  resistance  to  any  side  mo- 
;  might  be  caused  by  the  wind, 
bntments  and  anchorages  are  built 

with  concrete  fillings.  The  pier  in 
er  of  the  river  is  also  of  stone  from 
to  the  underside  of  the  superstruc- 
ere  the  ornamental  cast-iron  tower 
ses.  The  tower  consists  of  two 
r  columns  connected  at  the  top  by 

cast-iron  girder,  and  each  column 
of  four  standards  firmly  connected 

and  bolted  at  their  bases  to  the  pier, 
ght  of  the  bridge  above  the  high- 

of  water  is  six  feet  six  inches,  and 
f  tower  from  same  level  is  63  feet, 
chains  are  of  steel,  and  formed  of 
21  feet  lengths  by  four  and  a  half 
eep  by  one  inch  thick,  having  heads 
K  and  steel  pins  of  three  and  a  half 
iamcter.  The  main  chains  have  each 
s  in  width,  and  they  are  connected 
ght   chains    which   pass   direct    to 

of  the  tower.  These  straight  chains 
ied  to  prevent  as  much  as  possible 
ig  or  moving  of  the  curved  chains 

unequal  load  is  passing  over  the 

The  straight  chains  have  only  two 
ch  of  the  same  dimensions  as  the 

the  curved  or  main  chains.  The 
ains  are  supported  on  the  tower  on  a 
ssting  upon  seven  cast-iron  rollers, 
ree  feet  long  and  four  and  a  half 
iameter,  and  carefully  turned,  from 
VoL  I.— No.  3.— 15. 


whence  they  pass  to  the  abutments,  where 
they  rest  on  other  saddles,  and  from  thence 
they  pass  to  their  anchorage.  The  anchor- 
age for  each  end  of  each  main  chain  consists 
of  seven  steel  plates  resting  upon  two  cast- 
iron  girders  or  bed  plates,  the  four  bed 
plates  being  connected  together  by  cast-iron 
girders.  The  connections  for  the  adjust- 
ment of  the  lengths  of  the  main  chains  are 
near  the  tower  and  in  the  abutments,  and 
for  the  straight  chains  at  the  base  of  the 
tower,  and  can  be  adjusted  by  means  of 
steel  gibs  and  keys. 

The  footway  or  platform  is  formed  of  two 
main  longitudinal  parapet  girders  in  one 
continuous  length  from  end  to  end  of  bridge, 
and  rests  upon  cast-iron  cross  girders  twen- 
ty-one feet  apart,  which  are  suspended  by 
wrought-iron  suspension  rods  one  and  a  half 
inch,  diameter,  to  the  main  chains.  The 
main  or  parapet  girders  are  one  foot  six 
inches  deep,  the  top  and  bottom  flanges  be- 
ing formed  each  of  two  pieces  of  pine,  having 
a  total  sectional  area  of  72  square  inches. 
The  diagonals  are  also  of  pine,  six  inches 
by  three  inches,  fitted  into  cast-iron  shoes 
cast  on  the  cods  of  the  C  I  verticab ;  these 
have  a  wrought-iron  bolt  one  inch  diameter 
passing  through  them,  firmly  connecting  the 
bracing  to  the  flanges.  The  verticals  are 
seven  feet  apart,  and  at  these  distances 
there  are  cross  timbers  acting  as  girders 
to  support  the  planks  of  the  footway,  s% 
that  there  are  two  timber  beams  and  one 
cast-iron  girder  in  every  21  feet  to  carry 
the  planking  of  the  footway.  The  planking 
is  four  inches  thick,  and  on  this  is  boarding 
one  and  half  inch,  thick,  laid  crosswise.  The 
footway,  besides  being  suspended  to  the 
chains,  is  also  connected  to  the  base  of  the 
tower  by  means  of  four  diagonal  rods,  which 
allow  it  to  move  only  vertically  to  a  slight 
extent,  but  not  horizontally. 

The  quantity  of  cast  iron  contained  in 
the  tower  saddles,  anchorage  girders,  cross 
ffirdcrs,  verticals  in  parapet  girders,  &c.,  is 
I08  tons.  The  steel  in  the  chains,  plates 
and  pins  is  78  tons,  and  four  tons  of  wrought 
iron  in  bolts,  &c.  There  are  5,600  cubic 
feet  of  timber  work  in  the  platform. 

The  bridge  will  have  to  stand  a  test  mov- 
ing load  of  96  pounds  per  square  foot,  and 
will  not  give  a  greater  strain  on  the  steel 
chains  than  twelve  tons  per  square  inch, 
and  the  breaking  strain  of  the  steel  is  36 
tons  per  square  inch.  The  links  are  being 
made  at  tne  Cyclops  Steel  and  Ironworks, 
Sheffield,  and  the  other  work  is  being  mado- 
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at  Prague.  The  pier  and  anchorage  and 
abutment 9  are  now  complete,  and  the  an- 
chnrujire  chains  are  in  place.  It  is  to  be 
opoiiod  for  traffic  on  the  Ist  of  November 
uf  this  year. 

The  (iesign  was  made  by  Mr.  R.  M,  Ordish, 
and  m  being  executed  by  the  same  contract- 
ors who  had  built  the  Franz  Joweph  Bridge, 
viK,,  Messrs.  Ru*jton  «&  Co.,  Prague.  Charles 
Von  Wesseley  is  the  resident  engineer.  The 
contract  for  the  strncture  has  been  taken  for 

THE  METAL  HTDW.WEN. 

Based  on  its  chemical  and  physical  pro* 
perties,  the  opinion  has  long  been  held  that 
hydrogen  is  a  metallic  element.  Though 
only  known  to  us  in  the  form  of  a  gas  which 
has  hitherto  resisted  all  our  endeavors^  by 
presf^ure  and  cooliugi  to  cause  it  to  change 
its  titate  of  aggregation,  and  condense  to  a 
liijuid  or  take  a  eoUd  form,  it  cannot  fail  to 
be  recognized  that  its  existence  in  this  con- 
dition only,  depending  as  it  does  on  the  im- 
perfection of  our  scientific  instruments,  in 
nowise  invalidates  the  doctrine  of  its  me- 
tallic nature.  The  attempts  to  condense 
hydrogen  were  unsuccessful  on  account  of 
the  difficulty  of  rendering  vessels  absolutely 
tight  at  huch  enormous  pressures.  Mercury, 
on  the  other  hand,  is  liquid  at  ordinary  tern* 
pcratures ;  jinc,  magnesium,  and  other  metals 
arc  readily  converted  into  gas,  and  gold  and 
ftilvcr  can  be  volatilised  in  the  electric  arc. 
Platinum,  which  Faraday  melted  in  the 
flame  of  a  candle,  can  doubtless  be  dissipated 
as  vapor.  The  failure,  therefore,  to  solidify 
hydrogen  at  present  proves  nothing. 

The  difficulty  of  eondensing  hydrogen  has 
rci  ontly  been  attacked  from  another  direc- 
ti  II.  About  a  year  ago  the  Master  of  the 
Mmt  startled  the  scientific  world  with  the 
announcement  that  he  had  extracted  hydro- 
gen from  iron. 

lie  placed  a  piece  of  the  Lenarto  roeteor- 

lite  in  vacuo,  and  on  subjecting  it  to  heat 
tlrcwfroni  this  iron  several  times  its  volume 
of  hydrogen.  This  gas  which,  when  free,  so 
readily  diffuses  that  it  cannot  be  preserved 
for  many  days  in  a  tube  over  mercury,  but 
^assies  between  the  mercury  and  the  walls 

l0f  th(i  tube  and  escapes  into  the  air,  was  so 
'  inly  combined  with  the  iron  that,  not  the 
i^moval  of  atmospherio  pressure  aIone«  but 

ft'  Ti  of  heat  also,  waa  required  to 

ft'  I  Ti ration. 

K  im  eommanieated  to 

the  i;  >  I  ihcT  pa^r  oia  this  in- ^ 


te  rest  lug  subject.  Ue  now  employs  a  metal 
that  absorbs  hydrogen,  as  melted  silvc*?  m 
platinum  black  does  oxygen,  or  v.  •►. 

niat    Palladium  occludes  from  t'  _  .r»e 

hundred  times  its  volume  of  hydrogvo,  ai^d 
he  regards  the  product  as  an  alloy  of  p&tW 
dium  with  the  volatile  metal  hydrogen,  in 
which  the  volatile  character  of  the  one  motal 
is  restrained  by  its  chemical  affinitv  for  th^ 
other,  but  which  owes  its  metallic  eh&racteii 
to  both.  The  alloy  has  a  density  Gonsid«f7^ 
able  less  than  that  of  palladium,  aad  be  hat 
been  enabled  to  calculate  thrvt  of  the  mx^tai 
hydrogen,  which  he  finds  to  be  1-951.  Uy* 
drogenium,  as  the  new  alloy  is  called,  \» 
more  magnetic  than  pal  lad  lam,  in  the  ratio 
of  48  deg.  to  10  deg.,  and  must  be  oanniden^d 
to  forsake  *■  the  class  of  panuuagnelic  met- 
als, to  take  a  place  in  the  magDetic  gniit]i 
of  iron,  nickel,  cobalt  and  othem.*'  Thi 
occlusion  of  hydrogen  by  palladium  redueee 
its  tenacity  and  electric  conductiDg  power. 
The  strongly  marked  magnetic  eharai^ter 
of  hydrogen,  the  readiness  with  whicli  it 
forms  alloys  of  such  great  permanence,  and^ 
more  especially,  its  occurrence  in  combinii' 
tion  with  iron  in  meteoric  masses,  are  Cw^ta 
of  special  interest  at  the  present  time,  tmw 
that  the  spectroscope  has  revealed  the  eiint* 
ence  of  such  enormous  quantities  of  ihif 
element  in  our  system. — The  En^im^. 

THE  STRENGTH  OF  CORRUGATED  IROS. 

As  a  supplement  to  Mr.  J.  H.  E.  Hart's 
paper  on  this  subject,*  we  publish  the  follow- 
ing lettt^r  by  him  to  the  **Bombay  Builder" : 

Sir — Referring  to  experiment^j  on  the 
strength  and  stiffness  of  corrugated  iron, 
publisked  in  your  journal  August,  185?^,  I 
have  to  suggest  to  your  readers  the  follow- 
ing formula  for  the  deflection  of  the  mate- 
rial, obtained  from  equations  in  Profes««^r 
Rankine*s  work.  At  page  32S,  article  803« 
of  the  third  edition  of  ♦♦Applied  Meohamo*/* 
is  the  general  equation —  . 

for  the  "deflection  of  a  beam  ander  any 
load,**  in  inches.     In  this  formula  t  =  /,  or 

^,  according  as  the  beam  is  fixed  at  one  end 

only,  being:  unsupported  at  the  other,  or  sup- 
ported at  both.  Confining  onrselves  to  the 
care  of  sbeeta  snpporied  at  both  ends,  the 
above  eqnution  beeomei — 

•  7««  irMtraad'i  lCa«aiia%  Y^*  I;  Ho.  1»  f*  tM* 
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1  "4EI 
daes  of  M'^  are  those  already  dven 

cqamtions  10  and  11,  at  page  95  of 
•  of  this  journal ;  n"  is  a  factor  de- 
on  the  distribation  of  the  load,  and 
)ams  loaded  in  the  middle  s=s },  and 
IS  loaded  aniformly  =  -^j* 
be  modulos  of  elasticity  of  wronght 
K>UDd8 ;  Iq,  the  moment  of  inertia  of 
s  section  of  the  beam.  We  may,  I 
dopt  the  value  of  I^  for  the  cross 
>f  corrugated  sheets  obtained  from 
ktions  for  the  transverse  strength  of 
»rial.     The  general  equation  for  the 

of  resbtance  of  a  beam  (see  '*  Ap- 

/  I*" 
schanics,'*  article  294)  is  "y"'  ^^^ 

9  of  y=ssm*  h;  also,  as  for  ail  sym- 

sections  m'  =  ^,  therefore  Y  ==  -^ 

2  f  r 
ike  moment  of  resistance  =     r(  ^ 

already  mentioned,  the  moment  of 
56  (see  '*  Civil  Engineering,"  page 
corrugated  sheets  is  Jw  /  A  &  ^  and 

»1b  -'2^,  whence 


^•-T5-*' 


bt. 


(27) 


ktion  26  becomes  for  corrugated  iron 

7 

the  following  particular  cases : — 


lEETS    SCPPOBTBD   AT   ENDS. 

«tral  load..  \/ ^--^.fy^  ,^,-  ■  (29) 

.tribated  . /'_ W  P  ,  ,30) 

I V,      10-24  KA'At  ' 

e  inodala8.of  elasticity,  may  be  de- 
rodi  the  experiments  under  reference 
formnla 


E^s 


wr 


ising  the  data  obtained,  gives  values 
nging  from  21,000,000  to  30,000,000, 
on  the  average,  25,000,000  ;  or  it 
taken  from  any  of  the  published  rc- 
3  the  elasticity  of  wrought  iron. 
I  Professor  Raokine^s  work  we  find 
^000,000  for  bar  iron  ;   also  E  == 


24,000,000  as  a  *«  good  average  "  for  plates. 
For  the  ease  of  sheets  fixed  at  both  ends 
the  deflection  is  (article  307,  **  Applied  Me- 
chanics '*; — 

\/'r{—-Tl^  ■  ■  ■  "^' 

In  this  formula  m''  =  ^  or  f ,  according  as 
the  load  is  collected  in  the  center  or  uni- 
formly distributed;  and  in  both  cases  the 

value  of  n"  — ^  =«  ^-,  also  c*  as  before  «»  ^ 

and  as  the  case  may  be ;  there- 

fore equation  82  becomes, 

In  Sheets  fixed  at  ends. 
For  central  loads — 

WP  WP 


/. 


(88) 


v/; 


.(84) 

stiffer 
:lfor 


192EI^  — 26-6EA"*^ 
For  uniformly  distributed  loads — 

W  A» 

384  EI^  51-2  EV  3  f'  ' 
Hence,  it  appears,  sheets  are  made 
by  fixing  their  ends,  in  the  ratio  4 
central  loads  and  5:1  for  uniformly  distri- 
buted loads.  We  see  from  previous  equa- 
tions that  they  are  made  stronger  in  the 
ratio  2  :  1  and  1^  to  1  respectively. 

In  calculating  values  of  E  from  the  ex- 
periments, it  is  advisable  to  reject  the  first 
weight  and  its  deflection,  basing  the  calcula- 
tions on  the  diflcreuce  between  the  first 
weight  and  deflections  and  those  of  a  value 
of  somewhere  about  one-third  the  breaking 
weight.  The  reason  for  this  precaution  is 
that  any  error  due  to  the  first  settling  of  the 
sheets  to  their  bearings  may  be  eliminated 
from  the  result. 


SAFETY  OF  Steamships. — A  correspond- 
ent of  the  London  **  Times  "  proposes  to 
clear  steamers  of  water  entering  by  leakage 
or  shipped  in  heavy  weather,  by  means  of 
8team  jets  arranged  something  like  the  Oif- 
fard  injector,  and  worked  with  the  full  boiler 
power,  if  necessary,  so  as  to  discharge,  toy, 
1,000  cubic  yards  of  water  per  minute.  It 
certainly  Hcems  unnecessary  for  a  ship  with 
1,000  to  5,000  horse  power,  all  in  working 
condition,  to  founder  for  the  want  of  means 
of  application.  The  jet  proposed  would  bo 
Kimplc  and  always  ready  to  work.  Centri- 
fugal pumps  would,  perhaps,  accomplish 
more,  keep  the  ship  afloat  with  a  bigger  hole 
in  her,  and  might  be  kept  always  in  order. 
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THE  HERCULES  IROX^ILAD- 

REHAEKABLK    PEBFOBMANCE  —  PARTICU- 
LAIi»     or     TIEK     ENQINEH,    THE    V£BB£L 
ANII  THE  TEIAL. 
CompUad  from   "  EsslDt«riDf "   ■,iid   <'Th» 

Tho  Atifttntnont  by  an  iron-clad  frigate,  at 
her  docp-load  draught,  of  a  npeed  of  14.7 
knotri,  or  over  Heventecn  miles  per  hour; 
and  the  development  of  8,528  indicated  horse 
power  by  a  pair  of  marine  engines  weighing 
with  thoir  boilers,  water,  etc,,  complete,  but 
1,0%  tonn,  are  fiicts,  the  importance  of 
which  It  in  ImpoHsiblo  to  overrate.  Theso 
rcMuItH  wore  obtained  on  January  1  st,  by  the 
Hereulon,  and  are  extTcmelv  creditable  to 
her  dofiigner,  Mr,  E.  J.  Keed,  and  eipecially 
Ko  to  Mojftsru,  Ponn,  construotora  of  her 
L*ngineH« 

DjGH(!itrpTioK  OF  TiiK  Tesbel. — The 
Herouleii  h  the  latoi^it,  and  tho  representa- 
tive bniadHLilu  lihip  of  the  British  navy,  and 
in  of  the  follow! tig  dimemiions  : 

fL     in. 

Lpnf{tb..«, ..i.  .....*..,.  ..,,      ^2&     0 

J}r«fiilili ,..«».. 69     0 

Drftaght  rarwftrd ....>. ..,,.»        S3    0 

I>f«uctii«rt 3A     ft 

TwniiAgo.   , „. fi,S^4toiit. 

li|ii|>1»ciM]ieiii  H,  ,**.......... , g,fige  totiv. 

MlUNbipivetbii 1,315  tqr.  ft. 

Ifur  armor  consiHta  of  a  belt  of  plating, 
oxtimding  from  five  feet  below  the  water 
line  to  nine  foot  above  it,  thi^  belt  being 
tturmuuntcd  hy  the  central  battery,  wbiti^t 
at  tho  Atom  and  stern  are  the  armor-clad 
batterieti  m  whioh  the  fore  and  aft  guns  are 
placed.  At  the  wat<sr  line  the  armor  con- 
aiiAla  of  nino  inch  platejt^  backed  by  40 
inch,  of  teaki  whiUt  above  this  belt  the  thick- 
ni'jaa  of  the  platt*A  is  redut*ed  to  eight  inch, 
and  six  inck  The  endtn  of  the  cimtral  bat- 
tery are  pro^ecttHl  by  six  int*h  platen.  The 
armament  eomprises  eight  eighteen  ton  guns, 
throwing  8(K1  pound  »hot,  placed  in  the  cen- 
tral battery  ;  a  twelve  ton  gun.  thrt^wing  2h{\ 
pound  £(hott  mounted  under  the  forecastle 
Dehiud  armor-clad  pt^rta ;  a  similar  gun, 
mounted  in  tho  captain  V  cabin,  in  an  armor- 
Cflad  stern  battery ;  and  four  six  and  a  half 
ton  guns,  throwing  115  pi>und  shot,  placed 
6Q  the  up^H^r  deck,  and  fonght  thrtmgh  un- 
armorod  ports.  Of  tho  eicht  eighteen  ton 
guns,  four  can  bo  fought  through  the  onii- 
nary  side  ports,  tho  sills  of  which  are  eleven 
foot  above  tho  water  liuo,  whilst  the  other 
four  can  ho  fought  from  ports  at  the  an;i;les 
of  tho  central  battery,  and  can  bo  fired 
^Ihin  fifteen  degrees  of  the  eentre  line  of 


the  vessel.  The  twelve  ton  guns  can  be  fired 
directly  in  the  line  of  the  keel,  the  one  for* 
ward,  and  the  other  aft,  whilst  they  have  eaeh 
also  a  considerable  lateral  range.  Beaid^A 
possessing  a  most  powerful  armament»  tha 
Hercules  has  been  so  constructed  that  ^« 
may  be  used  for  ram  mine  purposes,  and  for 
such  a  method  of  attack  her  great  bandlncii 
and  high  speed  peculiarly  fit  her. 

Description  of  Enoines. — These  are 
trunk  engines,  by  John  Penn  &  Son.  Thej 
are  fitted  with  surfaee  condensers,  exp4>siiig 
20,768  sfjuare  feet  of  surface,  the  condensinf 
water  being  supplied  by  a  pair  of  centrifa^ 
pumps,  arranged  so  that  they  can  be  made 
to  draw  from  the  bilge,  and  capable  of  dcti- 
vcring  120  tons  of  water  per  minute.  The 
circulating  pumps  are  driven  by  a  pair  of 
independent  engines. 

Steam  is  supplied  by  eight  boilers,  baring 
40  furnaces,    tho    fire-grate    surface   being 
907  square  feet,  and  the  total  heating  sur- 
face   28,100  square  feet,   of  which   19,792 
square  feet  are  tube  surface.     The  boilers 
are  fitted  with  eight  superheaters^  contaiD- 
ing,  in  all,  3,908  square  feet  of  surface, 
N  umbor  of  ^yVrnden ...........  ^ . .  1 

DUmot«r  of  ujlmd^rs  .p.  ........  ISf  l«. 

DiatDoter  of  trutiki ......  — <,.....  IT  in. 

Eir«ottFi  diftin«lir  of  r  jUndtr. ...  *  IIB  Id. 

Btrob«.......,H  ..................  4f|.Siv. 

Nominal  borae  power  .............  1 ,20*  H.  P. 

LoftiJ  QQ  Aihfet J  ralf ei  .........*.*   SO  lb.  ptx  «q.  in. 

Temptratiirfl  of  it  Bam  in  iap«rliett«r  from  3SA<^  to 

aig*". 

n^.».j..ii».            (  Qriflithi'  Tarytog  pitcli  from 
Biameur , ........... .  tM%,  •  in. 

pitoh uru 

t  „-*k  S  *  ^t-  *  «n.  al  root  of  b[«a», 

^^^^^ J  I  ft,  3  In.  at  periphery  of  do. 

lamierticri]  of  upper  edg« ....  1  ft.  tl  |  in. 

Of  the  machinery  of  the  Hercules,  and  of 
its  performance,  it  is  impossible  for  us  to 
speak  too  highly.     As  specimens  of  excel- 
lent design,  combined  with  the    very  best 
workmanship  which  even  Messrs.  Penn  can 
produce — and  their  workmanship  is  certainly 
nnsurpae^'ted,    and   in    but  very    few   cases 
equalled — the  engines  of  the  Hercules  stand 
unrivalled,  wbil^it  the  power  developed  by 
them  bj  very  far  exceeds  that  ever  obtained 
]  on  shipboard  from  any  engines,  under  any 
'  circumstances  whatever.     Mr.  Penn  has  long 
I  taken  the  lead  in  the  adoption  of  high  speeds 
'  of  piston,  and  the  success  he  baa  obtained 
has  decisively  shown  the  advantages  of  such 
:  speeds,  when  accompanied,  as  they  should  be, 
bv  firsst-olass  workmanship. 
;   '  Thk  Psrporxancs.— The  trial  at  Stokes 
I  Bay,  on  January  1,  consisted   of  six  runs 
»0Ter  the  measored  mile,  under  fbll  Heam. 
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id  fomr  runs  under  ludf-boiler  power,  under 
le  conditions  of  ormft  mentioned  above,  and 
itli  the  following  partioulars  of  power, 
leedv  etc: 


in  boll- 


• '  I  for'cl** 
i  afl ... 
utWroTrtTO-  i  maz^m 

latisM {soMU. 

in  ojUa- 


ill  powm'. 

H*lf  power. 

19.  6  lb. 

21.87  lb. 

27.08  in. 

28.  6  in. 

27.08  in. 

28  in. 

72.00 

68.52 

71.51 

55.29 

lileatod  bone  powor. . 


"20.00  lb.    12.2681b. 
8,528.75    4,044.91 

mAoTtomoI..'. 14.691  knoU.  12.122  knota. 

M  wider  waj 5krs.  25min. 

tiM  si  foU  ipeed  with- 

1  br.  55  milt. 

80.20  In. 

2to4 

8.W. 

Smootb. 


ent  Mopping 
leather  bevomeier 

r«-j   J  Foroe 

■^   [DlroeUon. 

tote  of  ten 

■(I»M  atfOpped  ffvB  time  of  moTing  tele- 

frapb 

nginee  tterted  abend  from  time  of  moring 

freei  astern 

Bgiaea  started  astern  fhmi  time  of  moving 
telegrapb 


kata  of  masts,  jards,  ete. 
■antity  of  coals  on  board 


19  see. 
Usee. 
16  see. 


{ 


eomplete. 

inclnding 

70  tons  of  trial 


600  tons,  inclnding 
fcl 


rmasMnt • complete. 

aaatit J  of  stores six  months'. 


a 
e 

e 

as 

1" 

1^ 

QQ 

u 

n 

1 

1 

;  1 

;  1 

71.51 
70  93 
71.31 
72.00 
71.78 
71.53 
71.51 

3.47 
4.29 
3.43 
4.35 
3.39 
4.41 
Mean. 

knots. 
15.859 
13.383 
16.143 
13.091 
16.438 
12.811 
Trne  me 

knots. 
14.621 
14.763 
14.617 
14.764 
14.624 

knots. 

'u.iii 

14.690 
14.690 
14.694 

intpeed. 

14.691 

> 

1 

2 

S 
4 

58.42 
55.51 
54.00 
53.23 
55.29 

4.27 
5.21 
4.40 
5.19 
Mean. 

13.483 
11.215 
12.857 
11.285 

12.394 
12.036 
12.071 

iiiiii* 

12.053 

! 

Trne  me 

%n  speed. 

12.122 

MlHOTAUn. 

Nominal  H.  P 1,850 

Indicated  H.  P 6,193 

Displacement  in  tons 10,275 

Pitehofscrew  .  25ft. 

Eevolntions  of  screw • 54.96 

BSLLinOPHOH. 

NominalH.  P 1,000 

IndicatedH.  P ...•     6,199 

Displacement • •• 7,869 

Pitch  of  screw  .  ..••••••.•  20  ft.  1  in. 

ReTolntions  of  screw ••••     78 

HXBCULIS. 

NominalH.  P 1,200 

IndicatedH.  P 8,500 

Displacement ••••• 8,610 

Pitehofscrew 24  ft. 

RcTolntions  of  screw 71.5 

It  will  be  seen  from  these  figures  that  the 
Warrior  has  one  hotse  power  to  every  1.8 
tons  of  displacement  nearly ;  the  Minotaur 
has  one  horse  power  to  1.64  tons  nearly; 
the  Bellerophon  has  one  horse  power  to  1.72 
tons,  and  the  Hercules  one  horse  power  to 
1.01  tons  nearly.  To  this  vast  excess  of 
power  is  due  the  fact  that  the  Hercules  is 
faster  than  her  larger  rivals.  Calculating 
from  these  data  the  co-efficients  according 
to  the  usual  formubB,  we  get : 

FnU  boiler  Half  boiler 
power.         power. 

Speed3Xpid  see.^ 488  578 

Ind.  H.  P. 

Speeds  XdispJ.^   157  186 

fnd.H.T: 

It  is  difficult  to  compare  the  constants  of 
the  Hercules  at  her  ^11  speed  with  those 
of  other  ships,  for  no  other  iron-clad  has  yet 
steamed  so  fast  at  deep-lead  draught,  and,  as 
b  well  known,  the  increased  speed  obtained 
under  such  circumstances  must  be  accom- 
panied by  a  reduction  of  the  constants.  The 
half-power  runs  seem  to  show  clearly  that, 
for  a  short  ship,  her  form  is  very  good,  as 
her  half-power  constants  are  higher  than  the 
Bellerophon  *s.  The  respective  half-power 
constants  are  as  follows : 


The  engines  exerted  rather  more  than 
eTen  times  the  nominal  power.  The  im- 
lortance  of  this  fact  will  be  brought  into  a 
tronger  light  by  comparing  the  engine 
Knrer  and  displacement  of  the  Warrior, 
lellerophon  and  Minotaur  with  those  of  the 
iercnles.  In  the  official  reports  we  find  the 
ollowing  results : 

Waerior. 

roaiaalH.  P 1,250 

JidkaiedH.  P 6,092 

Msplaeement  in  tons 9,214 

Ktchofserew SOft. 

Ufalntieosof  seraw •••••  52.6 


ironies. 

Bellerophon. 

(at  load  draught) 

578 

543 

186 

171 

the  speed  of  the  Bellerophon  being,  then, 
12.154  knots,  or  almost  exactly  that  of  the 
Hercules  under  similar  circumstances.  The 
full-power  constants  of  the  Hercules  fall 
below  those  of  the  Bellerophon,  which  ves- 
sel gave,  on  different  occasions,  when  tried 
at  load  draught,  the  following  constants: 
518  and  163,  534  and  167,  and  530  and 
166.  Considering,  however,  that,  as  we 
have  already  mentioned,  the  constants  fall 
with  an  increase  of  speed — and  especially  at 
very  high  speeds — the  Hercules  has  given 
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very  good  rctults^  as  the  Bellerophon  con- 
ftaotfl  just  given  were  obtained  with  speeds 
of  14,171  knots,  13,874  knots  aod  14.023 
knots  respectively,  whilst  the  speed  of  the 
Herooles  was,  as  we  have  seen,  14.G91  knots. 
It  muftt  not  be  forgotten ,  however,  that  as 
llio  Her  coles  stows  but  600  tons  of  coal,  she 
oa&DOt  keep  the  sea  at  full  speed  for  any 
iiine.  Six  hundred  tons  of  coal  are  as 
nothing  in  comparison  with  8,000  hor»e 
fiowcr  or  so.  The  consuniptiou  of  fuel  can- 
not  be  much  less  than  fourteen  tons  per 
liottr.  Therefore,  in  round  numbers,  the 
Hercules  carries  coal  enough  to  steam  at 
full  speed  for  forty-three  hours  only,  or  to 
carry  her,  assuming  her  to  have  a  fourteen- 
knot  sea  speed,  G02  knots  only.  In  this 
respect  she  possesses  the  wore^t  defects  of  the 
ihort  iron^clad. 

It  u  important  to  observe  that  the  weight 
of  the  engines  complete  and  of  the  boilers 
and  water,  is  but  1,090  tons,  or  two  and  a 
half  cwt.  per  indicated  horse  power,  a  weight 
which  is  wonderfully  small  under  any  cir- 
cumstances, and  particularly  so  when  the 
ghe  of  the  engines  is  considered.  The  pro- 
portions of  areas  of  tho  heiiting  surfaces, 
fire-grate  surface,  ic.,  to  the  power  devel- 
oped, are  as  follows : — 

P«r  bdleated  hont  power. 

Hoftting mrfac« 3.7    aq.  fett. 

Fir«-gT«t«    '*  0  10«    •' 

i^upcrbeftUr  « 0.47      '« 

Coodeafing    *' 2.4^       " 

As  to  the  handiness  of  the  vessel,  we 
have  the  following  particulars.  The  balanced 
rudder  first  used  on  the  monitors  by  Cap- 
tain Ericsson,  is  employed. 

Cirdea  made  Under  Full  Power. — Helm 
to  starboard ,^ — Anglo  of  rudder,  40  deg. ; 
turns  of  wheeK  four.  Half  circle  made  in 
one  min.  50  sec;  full  ditto,  four  min.  Men 
at  the  wheel,  sixteen.  Helm  to  port, — 
Angle  of  rudder,  38  deg. ;  turns  of  wheel, 
four.  Half  circle  made  in  one  min.  50  sec. ; 
full  ditto  four  min.  Men  at  the  wheel,  six- 
teen* The  diameter  of  the  circle  made  in 
OAch  instance  was  estimated  at  not  more  than 
twice  and  a  half  the  ship's  length. 

Cirvles  Und^r  Huff  Boiler  Power. — Helm 
to  starboard. — ^Angle  of  rudder,  40  deg.  ; 
turns  of  wheel,  four.  Half  circle  made  in 
two  min.  21  sec.  ;  full  ditto,  four  min.  30 
see.  JM en  at  the  wheel,  sixteen.  Holm  to 
pott. — Angle  of  rudder,  39  deg.  ;  turns  of 
wheel,  four.  Half  circle  made  in  two  min, 
40  sec. :  full  ditto,  four  min.  50  sec.  Men 
at  the  wheel,  sixteen. 


CosrcLUSJOws- — The  Britiah  anthoritied 
conclude   that    no  other  uayj  in  exi^t^Tkcv 
can  boast   of  the   posseasion   of  a   ship  at 
once   so  fast,  so  handy,  so  iinpregiu^blf^  m 
strong,  or  carrying  so  heavy  an  armaii>«at. 
The  impregnability,  the  Atrengtb,  the  ha^fr 
ness,  and  the  powerful  armaDient  of  the  tkff 
are  due  to  Mr.  Reed,  and  he  may  well  !(5 
satisfied  with  the  honor  which  this  fu' 
his  reputation  as  a  shipbuilder.     Bu.  ._ 
great  speed  of  the  ^hip  is  due  to  Mr.  Joka 
Penn,  and  it  is  only  by  the  adoptitin  of  a 
high  piston  speed  that  such  reanlts  could  W 
obtained ;  and  to  such  speeds,  when  corohbed 
with  good  design  and  workmanship,  there  k 
no  objection  whatever.    All  the  c\ 
formed  respecting  her  have  been 
surpassed  in  the  performance  of  her  eugiMb. 
The  builders  had  counted  upon  a  speed  of 
05  revolutions,  and  an  indicated  power  fix 
times    the    nominal,  but   so    far   were  the 
results    beyond    these,    that     the    engiQei 
averaged  71.51  revolutions,  or  (>43.6  f**  »  *>( 
piston  per  minute,  and  exerted  7.107 
their  nominal  power,  or  8528.75  indit...  vi, 
giving   one  indicated  horse  power  to  fiery 
2.7  square  feet  of  heating  surCaee,  a  pro* 
portion  seldom  exceeded  even  in  locoaolirt 
practice,  with    its  quick  draught  and  coo- 
sequent  ly    rapid   rate   of  cooi miction.    Of 
course  we  are  to  admit  that  the  mna  wero 
not  of  very  long  continuance,  the  coals  wort 
hand  picked,  and  fired  with  little  regard 
economy,   and   the   boating   surfaces   wei 
clean.     The  indicator   cards  show  not  far 
from  25  lb.  of  water,  or  0.4  cubic  foot   0 
each    indicated  horse  power  at  full  > 
or  about  3,411  cubic  feet  in  all,  boin^  v... 
cubic   foot  to  about  6.77  square  feet  of  unt- 
face,  a  high  rate  in  marine  practice,  althotigh 
often  exceeded  in  locomotives.     Th€?re  are 
some   forma  of  marine  boilers — thob* 
instance,    with   water   tubes — which 
according  to  Mr.  Isherwood*fi  experii- 
but  one  cubic  foot  of  evaporation  for 
30  square  feet  of  heating  surface,  the  latter 
being  in  the  case  of  the  Merrimack,  12.5ST 
square  feet,  while  the  steam  discharged  p^-r 
hour  into  the  condenser,  the   stram  having 
been   calculated  from    the    indicator  card^ 
alone,  was   equal  to   but  403J  cubic  feet. 
It  is  true  that  this  was  fourteen  years  ago, 
but  the  same  class  of  boilers  is  still  employed 
in  the  American  navy, 

STEEL  Rails.— Over  11,000  tons  of  steel 
rails  are  now  in  use  on  tho  Hudson  Rmr 

Railway, 
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RAILWAYS  FOR  CHIN^ 

From  «  Saginc«riiig.'> 

Now  that  ft  tbrongh  commanication 
across  the  American  continent,  by  means 
of  the  Pacific  railway,  is  nearly  completed, 
with  a  direct  roate  to  the  chief  Chinese 
ports,  a  fresh  interest  has  been  awakened 
as  to  engineering  prospect  in  the  Celestial 
Empire*  and  engineers  are  taming  their 
attention  so  far  eastward. 

The  principles  npon  which  a  railway 
aystem  in  China  is  established,  most  differ 
Tcrj  widely  from  those  which  have  governed 
the  formation  of  lines  in  other  new  countries. 
For  instance,  in  India  there  was  a  responsible 
goivemment;  throughout  it  were  plentifully 
scattered  the  necessary  elements  for  carrying 
«Nit  the  undertaking — Englitth  energy  and 
enterprise.  Even  less  then  than  now,  was 
the  country  burdened  with  official  routine 
and  red-tapeism.  Shareholders  were  liber- 
ally guaranteed,  and  the  rapid  construction 
of  railways  were  as  necessary  for  military 
purposes  as  for  the  development  of  the  coun- 
try's natural  resources.  Preliminarily,  there 
was  only  English  opposition  to  conquer — no 
native  prejudices  to  overcome. 

In  China,  an  entirely  different  moral 
aspect  rules.  From  Imperial  Majesty 
downwards,  jealousy  of  foreign  interference 
must  take  the  place  of  hearty  co-operation, 
and  Imperial  Celestial  guarantees  would 
scarcely  satisfy  capitalists  who  have  had 
M>re  experience  of  European  repudiation. 
The  vital  military  necessity  for  rapid  com- 
munication from  one  part  of  the  country  to 
another  is  not  fully  understood ;  and  there 
exists  the  difficulty  of  overcoming  national 
prejudices,  which  the  effacing  of  the  foot- 
steps trodden  by  a  hundred  generations 
DUiit  inspire.  The  insecurity  of  Govern- 
ment guarantees,  the  jealousy  of  Imperial 
officials,  and  the  prejudices  of  the  people, 
are  there,  the  principal  difficulties  to  be 
encountered. 

On  the  other  hand,  China  possesses  a 
vast  undeveloped  mineral  wealth,  and  the 
monotonous  iudmttry  of  her  307,000,000, 
now  put  forth  year  by  year,  for  the  preser- 
vation of  life,  not  for  advancement ;  for  the 
most  part,  the  well-cultivated  alluvial  ter- 
ritories are  level,  and  on  these  tracts  the 
va>t  mass  of  the  population  is  found,  where 
labor  is  so  cheap  and  abundant,  and  where 
the  essentials  for  railway  construction  arc 
most  easily  attainable.  The  enormous  traf- 
fic now  floated  slowly  and  laboriously  down 


the  canals  and  rivers  to  the  commercial 
centers  would  be  transferred  to  the  more 
rapid  and  cheaper  mode  of  conveyance,  and 
the  introduction  of  railways  would  be  fol- 
lowed by  an  invasion  of  western  energy  to 
the  almost  unworked  fields  which  have  been 
closed  to  the  outer  world  for  so  many  thous- 
ands of  years. 

The  British  residents  in  China  agree  with 
those  missionaries,  whose  experience  is  in- 
valuable, that  the  first  experimental  line 
should  be  made  between  Canton  and  Fat- 
shan,  a  manufacturing  town  lying  fifteen 
miles  to  the  south  of  the  larger  city,  and 
containing  paper  factories,  gun  foundries, 
and  other  industrial  works;  at  present 
some  half  a  million  passengers  are  conveyed 
between  the  two  places  by  passage  boats, 
and  the  transit  of  merchandise  is  regular 
and  heavy ;  this  line  could  be  completed  in 
fifteen  months.  Far  away  to  the  north, 
another  experimental  line  could  well  be 
made  from  Tientsin,  the  terminus  of  the 
grand  canal,  to  Pekin,  70  miles  distant,  a 
railway  which  would  secure  all  the  traffic 
from  the  canal  to  the  capital,  and  bring 
the  advantages  of  a  railway  system  under 
the  immediate  notice  of  the  Imperial  Gov- 
ernment. 

In  sketching  out  his  views  as  to  the  most 
favorable  course  for  the  trunk  lines  of 
China,  Sir  Macdonald  Stephenson  (who 
proposed  a  plan  of  railways  for  China  in 
1840)  takes  the  town  of  Hankow,  on  the 
Yangtsc-Kiang,  as  a  commercial  center^ 
from  which  the  railways  would  run  east  to 
Shanghai  for  050  miles,  south  to  Canton 
and  Hong  Kong  for  850  miles,  and  north  to- 
Pekin  for  800;  westward  the  distance  to 
India  is  1000  miles.  Shorter  lines  would 
connect  Canton  with  Samshui,  40  inilee 
distant,  and  would  intercept  the  traffic  now 
brought  down  the  north  and  west  riven?,  at 
the  junction  of  which  Canton  is  situated. 
Between  Hong-Kong  and  Canton,  an  exten- 
sive passenger  traffic  would  be  obtained  by 
the  construction  of  90  miles  of  line.  At 
present,  pansagc  boats  and  four  American 
steamers  meet  the  requirements  of  trade. 
Shanghai  and  Luchow  are  two  important 
cities  between  which  exists  an  enormous 
traffic  that  could  be  secured  by  the  laying 
of  00  miles  of  railway  through  a  level 
country.  The  line  from  Hankow  to  Can- 
ton, in  passing  through  the  Mieling  range 
of  hills,  where  the  only  eaffineering  diffi- 
culties occur,  would  strike  through  exten- 
sive coal  fields,  00  miles  north  of  Canton, 
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and  now  worked  only  rudely,  and  near  the 
surface. 

This  large  and  promising  field  for  engi- 
neering will  not  lie  much  longer  fallow. 
Anglo-Saxon  enterprise  will  soon  be  at  work 
in  it,  and  it  is  reasonable  to  hope  that  native 
opposition  will  soon  give  way  after  the  first 
railroad  is  opened. 


THE  UKE  CONSTAKCE  RAILWAY  FERRY. 

Compiled  from  ''  Engineering." 

This  ferry,  for  the  transportation  of  mer- 
chandise trains,  will  connect  the  town  of 
Friedriohshafen  on  the  northeastern,  with 
Romanshom  on  the  southwestern  side  of 
the  lake,  the  distance  across  being  about 
eight  miles.  Fricdrichshafen  is  the  termi- 
nal station  of  the  Royal  Wurtemburg  States* 
railway,  leading  from  Ulm,  Stutgard  and 
Frankfort.  Romanshom  is  the  terminus  of 
the  Swiss  Central  railway,  which  runs  to 
Zurich,  Lucerne,  Berne  and  Lausanne. 

The  vessel,  which  is  constructed  to  carry 
twelve  wagons,  is  230  feet  long  on  the  rail- 
way deck,  40  feet  beam,  and  six  feet  six 
inches  deep  from  the  top  of  the  floor  to  the 
underside  of  the  beams  of  the  railway  deck. 
Her  tonnage  is  1,753  tons,  builders'  meas- 
urement, and  her  draught  of  water  does  not 
exceed  six  feet.  The  hull  of  the  vessel, 
together  with  the  deck,  deck  houses,  paddle 
boxes,  paddle  beams,  and  upper  works  gen- 
erally, are  of  iron ;  and  there  is  also  an  iron 
upper  deck  80  feet  long,  placed  at  a 
height  of  about  fourteen  feet  above  the  rail- 
way dock,  so  that  it  is  clear  of  the  carriages. 
The  railway  deck  is  provided  with  two  lines 
of  rails  six  feet  apart,  each  line  being  capa- 
ble of  accommodating  six  wagons.  The 
form  of  the  vessel  b  the  same  at  both  ends, 
each  end  being  fitted  with  a  rudder  provided 
with  suitable  stops.  For  a  length  of  100 
feet  amidships  the  vessel  has  a  parallel  body, 
and  this  part  b  built  on  the  longitudinal 
principle,  the  framing  consisting  ot  longitu- 
dinal stringers  two  feet  wide,  with  single 
angle-irons  at  top  and  bottom,  and  transverse 
frames  two  feet  wide  at  the  bottom  and  sides, 
and  eighteen  inches  at  the  top,  with  single 
angle  irons  at  the  outer  and  inner  edges. 
These  latter  frames  are  placed  eight  feet 
apart,  except  at  the  engine  rooms,  where 
they  are  spaced  to  suit  the  engines.  The 
ends  of  the  vessel  beyond  the  parallel  body 
are  also  built  upon  the  longitudinal  system 
as  far  as  possible,  but  the  extreme  ends  have 
frames  of  the  usual  kind.    The  outside  plat- 


ing of  the  hull  b  one-half  inch,  and  tlw 
inside  plating  three-eishtha  inch  thick,whibt 
the  angle-irons  are  tnronghont  three  aid 
one-half  inches  by  three  and  one-half  iadm 
by  one-half  inch. 

The  vessel  b  divided  by  transrerse  balk- 
heads  into  nine  water-tight  eompartiacBti, 
the  central  compartment  being  thirty-two 
feet  long,  whibt  six  others  are  each  twentj* 
four  feet  long,  leaving  the  end  eompartiaeaU 
to  make  up  the  remainder  of  the  lengtL 
In  the  central  compartment  are  placed  the 
engines,  as  we  shall  explain  presently,  whik 
in  the  two  next  compartments,  one  forward 
and  one  aft  of  it,  are  situated  the  boilen* 
and  coal  bunkers.  Besides  the  transverK 
bulkheads  there  are  two  longitudinal  balk- 
heads,  which  are  placed  twenty-two  iieet 
apart,  and  which  extend  the  whole  dbtancc 
between  the  extreme  transverse  bulkheads. 
The  railway  deck  is  made  of  plates  planed 
at  the  edges  and  butt  jointed,  and  it  b  car- 
ried by  transverse  beams  eighteen  inehee 
deep,  and  placed  eight  feet  apart,  thece 
beams  being  firmly  rivetted  to  the  skin,  and 
being  each  supported  at  the  center  by  a  hol- 
low wrought-iron  column  fixed  to  the  floor 
plates.  Four  longitudinal  beams,  eighteen 
inches  deep,  also  assbt  in  stiffening  the  rail- 
way deck,  these  beams  being  placed  imme- 
diately beneath  the  lines  of  rails. 
j  The  engines  are  of  200  horse  power  nomi- 
Inal,  and  consist  of  two  independent  pairs 
I  arranged  one  on  each  side  of  the  vessel,  in 
I  the  spaces  which  are  divided  from  the  cen- 
jtral  part  of  the  longitudinal  bulkheadb. 
I  Each  pair  of  engines  consbts  of  two  oscil- 
lating cylinders  inclined  so  as  to  form  an 
angle  of  90  degrees  with  each  other, 
these  cylinders  being  three  feet  four  inches 
in  diameter  with  six  feet  stroke.  The  cen- 
ters of  the  cylinders  are  in  line,  the  tw^* 
piston  rods  being  coupled  to  one  crank  pin. 
The  engines  are  fitted  with  the  link  motion 
for  reversing,  and  are  also  provided  with  sops- 
rate  expansion  gear.  The  cranks  are  over- 
hung, there  being  one  frame  in  each  engine- 
room  supported  by  a  pair  of  columns,  while 
the  outer  ends  of  the  shafts  arc  carried  by 
the  paddle  beams.  The  paddle  wheels  arV 
twenty-four  feet  in  diameter,  and  have  each 
twenty -four  fixed  floats ;  and  as  each  wheel 
its  driven  by  its  independent  pair  of  engints 
the  two  wheels  can  be  run  in  opposite  dirci*- 
tions  to  facilitate  turning  the  vessel  if  n^- 
quired. 

In  the  space  between  the  two  pairs  of  en- 
gines b  placed  an  auxiliary  engine  which 
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in^tA  one  of  Ghrjnne's  oentrifagal  pumps, 
aad  also  the  four  capsUiu  of  the  ship. 
There  are  four  hoilera,  two  to  each  pair  of 
enginest  and  they  are  placed  dose  to  the 
sides  of  the  vessel,  the  one  pair  forward  and 
and  the  other  pair  aft  of  the  engines  to 
which  they  respectively  belong.  The  coal 
bankers  are  also  placed  close  to  the  sides  of 
the  Teasel,  the  one  forward  and  the  other  aft 
of  the  engines,  each  bunker  beine  thus  on 
the  opposite  side  of  the  ship  to  the  boiler 
which  it  supplies.  By  the  arrangement  of 
boilera  above  described,  the  funnels  are 
brought  to  the  sides  of  the  vessel  clear  of 
the  railway  trains.  The  boilers  are  worked 
at  a  pressure  of  twenty-eight  pounds  per 
aqnare  inch. 

Aa  the  water  level  in  Lake  Constance  va- 
ries somewhat  at  different  seasons,  and  as 
the  vessel  is  of  course  liable  to  fluctuations 
of  load,  it  may  be  required  on  some  occa- 
siona  to  lower  either  end  of  the  vessel  to 
£scilitate  the  embarkation  or  debarkation  of 
the  wacons.  For  this  purpose  the  compart- 
ments between  the  two  extreme  bulkheads 
at  each  end  are  not  only  made  watertight 
bat  are  well  stayed,  so  that  they  serve  as 
water  holds.  Cocks  and  pipes  connected 
with  the  pumps  driven  by  the  auxiliary  en- 
-  gine  enable  these  compartments  to  be  filled 
with  water  and  emptied  at  pleasure  ;  and 
by  filling  one  of  them  more  or  less,  the  end 
of  the  vessel  to  which  it  belougs  can  be  suuk 
as  required. 

The  designs  and  specifications  for  the  ferry 
boat  we  have  described,  were  prepared  by 
Mr.  J.  Scott  Russell,  who  is  the  engineer 
to  the  undertaking.  The  boat  and  engines 
were  built  by  Messrs.  Escher,  Wyss  &  Co., 
of  Zurich*  tho  engines  being  designed  by 
Mr.  31array  Jackson,  who  was  at  the  time 
manager  to  the  above  mentioned  firm,  but 
who  is  now  engineer-iu-chief  to  the  Danube 
Imperial  and  Koyal  Steam  Navigation  Com- 
pany. From  some  delay  which  has  occurred, 
the  ferry  has  not  yet  commenced  running, 
but  it  is  expected  to  start  soon,  and  there  is 
no  doubt  that  it  will  be  a  success. 


HEAVY  Rails. — The  plan  of  Mr.  Brunlees, 
for  the  new  railway  from  Loudon  to 
Brighton  (although  it  is  to  be  a  ^'  cheap'' 
railwav,  involves  the  use  of  steel  rails  of 
over  iOO  lb.  to  the  yard,  so  as  to  have  a 
head  of  the  width  of  the  tread  of  the  wheels, 
and  to  distribute  the  weight  of  the  rolling 
stock  so  as  to  obtain  less  than  the  present 
weight  per  wheel,  and  thus  preserve  the  way. 


TRACTION  ENGIKES  IN  FRANCE, 

RESULTS  OF  EXPERIMENTS  —  THE  EN- 
GINES IN  THE  EXPOSITION.  BY  MONS. 
D.  8IENARD.  '^ 

Tranilated  from  "Annales  da  G^nie  CiTil." 

The  problem  of  steam  traction  on  com- 
mon roads  has  been  considered  for  a  long 
time,  even  before  the  invention  of  railways ; 
but  not  until  within  a  few  years  has  it  begun 
to  receive  a  practical  solution.  The  road 
locomotive  seems  naturally  called  to  fill  the 
interval  necessarily  left  in  our  system  of 
railways ;  and  it  also  offers  important  re* 
sources  to  certain  industries  which,  like  the 
beet  sugar  manufacture  in  particular,  re- 
quire much  local  transportation.  It  is, 
therefore,  a  question  wholly  practical ;  and 
although  I  am  not  prepared  to  treat  it  fully, 
I  think  it  will  be  interesting  to  state  the 
result  of  experiments  which  I  have  had 
occasion  to  follow  up  in  the  department  de 
I'Aisne,  on  two  road  locomotives,  the  one 
of  English  manufacture,  the  other  from  the 
works  of  Mens.  Albaret  of  Liancourt. 

Mens.  Albaret,  in  the  arrangement  of  his 
machine,  has  not  departed  widely  from  the 
type  of  the  railway  locomotive.  The  boiler 
is  composed  of  a  cylindrical  fire-box,  and  a 
horizontal  barrel  tcaversed  by  tubes,  and  is 
fed  by  a  Giffard  injector ;  and  the  heating 
surface  is  about  172  square  feet.  As  the 
engine  is  to  go  on  steep  grades,  it  was  ne- 
cessary to  provide  against  the  inconveniences 
of  changes  in  the  water  level.  This  ditti- 
culty  has  been  happily  solved.  The  hori- 
zontal barrel  is  full  of  water ;  and  the  steam 
formed  in  it  while  going  up  hill  is  receiv- 
ed in  a  small  dome  on  tho  forward  end, 
and  carried  thence  by  an  exterior  pipe  to 
the  main  dome  over  the  fire-box ;  and  the 
crown-sheet  of  the  fire-box,  instead  of  being 
flat,  is  hemispherical,  and  therefore  always 
covered  by  an  equal  depth  of  water,  what- 
ever the  inclination  of  the  road. 

The  motive  apparatus  is  composed  of  two 
cylinders,  witli  liuk-valvc  gear  placed  under 
the  boiler,  and  protected  from  dust  by  sheet- 
iron  coverings,  easily  removed  for  oiling  and 
cleaning.  The  crank-shaft  transmits  the 
motion  by  gearing  to  an  intermediate  shaft 
close  in  front  of  the  fire-box,  and  on  a  level 
with  the  driving  axle ;  and  from  this  shaft 
the  power  is  transmitted  by  an  endless  chain 
to  the  axle  which  is  behind  the  fire-box. 
The  driving  wheels  can  be  loosened  or  fixed 
to  the  axle  bv  bolts,  but  not  without  stop- 
ping the  engine.     I  do  not  know  whether 


other!)  have,  in  a  practical  manner,  fast* 
ened  aud  luo^euod  the  wheels  while  id  mo- 
tiou;  but  thiB  U  one  of  the  paints  which 
ou^ht  to  have  the  attention  of  ixiechaiucian!«. 
The  machine  can  nut  turn  conveniently  with- 
out one  wheel  loose;  and  so  long  as  the  fix- 
ing and  loosing  cannot  be  effected  while  in 
motion,  it  will  be  ahuos^t  necessary  to  work 
with  one  wheel  loose,  thus  using  only  half 
the  force  which  the  machine  might  exert. 

Road  locomotives  not  being  guided  by  rails, 
it  t:^  necessary  that  their  front  ax  log  should 
he  turned  to  the  right  or  left.  It  is  in  this 
part  that  they  differ  most  from  each  othor» 
In  the  arrangement  of  Mons.  Albaret,  the 
front  axle  wheels  are  in  advance  of  the 
smoke-box.  To  the  middle  of  the  axle  is 
jointed  an  upright  spindle,  which  turns  in  a 
socket  that  is  held  by  a  prolongation  of  the 
upper  part  of  the  smoke-box^ — the  prolonga- 
tion being  high  enough  to  allow  the  wheels  j 
54  inches  high,  to  turn  under  it,  like  the 
wheels  of  a  common  coach.  The  spindle  is 
worked  by  an  endless  screw  turned  by  a 
hand  cranky  gearing  into  a  worm  wheel  on 
tho  upper  end  of  the  spindle.  Th^  shaft  of 
the  screw  is  prolonged  to  the  foot-plate,  so 
that  the  engineman  can  steer;  and  in  this 
respect  it  has  an  advantage  over  other  en- 
gines, which  require  special  men  to  steer. 
This  arrangement  is  important ;  because,  in- 
depeiidentiy  of  the  saving  of  the  wages  of  a 
eteersmau,  it  renders  the  maneuvering  much 
more  easy  and  certain.  The  machine  is 
mounted  on  springs  to  soften  the  effects  of 
jarring  and  jolting.  In  front  there  is  a 
conical  spiral  spring  around  the  spindle; 
and  the  hind  springs  are  of  the  common 
laminated  kind.  The  total  weight  is  about 
ten  tons,  of  which  six  and  a  half  are  on  the 
drivorn,  which  are  five  feet  high  and  fourteen 
inches  wide  at  the  rims.  The  usual  speed  is 
five  kilometres  an  hour,  and  the  highest  speed 
allowed  is  seven  kilometres,  (about  three  and 
one-third  and  four  and  one- third  mites). 

After  being  exhibited  at  the  competition 
at  Laon,  in  l8(iO,  this  engine  was  bought  by 
Mons.  Godin-Lemairc,  to  draw  coal  and  iron 
for  his  foundry  at  Guise  (Aisne),  It  worked 
between  Guise  and  the  fort  of  Longchamps 
a  distance  of  four  kilometres  (two  and  two- 
third  miles).  It  went  out  lightly  loaded, 
and  returned  with  a  useful  load  of  15,000 
kilogrammes  (about  fifteen  tons),  and  burns  at 
the  maximum  250  kilos  (550  lbs.),  of  coal 
per  round  trip.  At  these  rates  the  daily 
expinises  arc  less  than  half  the  cost  of  horae 
power. 


Mods.  Godin-Lemairc  is,  nevertbekM,  IH* 
tie  satisfied  with  the  results  of  hi£  txf^ 
ment — ^for  it  is  not  enough  tbat  the  curRil 
expenses  be  reduced  ;   it  is  neceft^anr  m*!W- 
over  that  the  maohine  shall  bo  e^ 
frequent   derangements    and    ini| 
pairs.    Unfortunately  this  loeou^ 
something  to  be  desired  in  this  n    ; 
the  first    place    there   have    becsn  an 
occur,   nuiuerous  leaks  at   the  tube 
These  may  be  due  to  had  original  cott      i  ^ 
tion  ;   but  it  is  to  be  feared  that  the 
sion  of  the  boiler  is  not  without  influ 
this  evil.     The   boiler  is  susper*  ' 
ends,  the  axles  nearly  fourteen 
and  the  jolts  may  oaoee  straias  . 
dieial  to  the  joints.     In  the  8i< 
the  endless  chains  that  transmit  th« 
from  the  intermediate  shaft  to  the  u 
axle   have   been  found   too  weak  ;  and  tW 
links  and  the  teeth  of  the  pinions  hav«  betA 
much  worn,  and  there  have  been  many  rap- 
tures of  them.     Moreover  the  chains  bant 
been  elongated — and  not  being  auffioiently 
guided  they  have  sometimes  got  outride  tl^ 
teeth,  under  the  effects  of  violent  lurclje*. 
Attempts  have  been  made  to  mitigau?  thd 
effects  of  the  lengthening  of  the   chain,  bf 
applying  a  tension  rod,  and  making  the 
low  blocks  of  the  intermediate  shaft  adju 
able ;    but  it  is  clear  that  the  moat  ci^t 
clous  remedy  would  be  in  the  use  of  a  ch4   _ 
so  strong  that  the  elongation  would  bt  m* 
significant;  for,   in    spite  of  the  two  expt- 
dients  above  stated,  there  was  produced  mch 
a  difference  between  the  relative  pitch  of  1 
chain  and  the  wheels,  that  they  eould 
work    together   without  a   series    of 
shocks. 

However  these  points  may  be,  Bfona  Go- 
din-Lemaire  seems  convinced  that  the  tranii- 
niissiun  by  chain  Ls,  in  itself,  bad;  and  tk 
the  road  locomotive  cannot  become  rra' 
practicable  and  capable  of  regular  servii 
until  the  chain  is  superseded.  I  da 
know  whether  the  future  will  eonfir 
opinion  \  but  I  will  remark  that  the 
ments  have  been  made  under  di^advan 
as  Mons.  Godin-Lcmaire  himself  wa*^^ 
first  to  point  out.  In  fact,  the  Longehan 
route,  which  leads  also  to  Bohain,  is 
one  on  which  is  performed  nearly  all 
traffic  of  the  industrial  establiahmeuts 
Guise.  It  ia  extremely  worn,  eveu  lo  suoh 
extent  that  the  merchandise  bro*     '  ui 

tho  north  by  railway  has  to  be  lo  v 
Quentin  instead  of  Bohain.     From  la 
it  will  be  understood  that  the  route  u 
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red  to  receive  the  road  locomotive ; 
machine  was  exposed  to  numerous 
of  accident  which  it  would  not  have 
rdinary  practice ;  and  that  we  can- 
pt  as  definite  the  condemnation  of  a 

00  the  results  of  an  experiment 
der  such  unfavorahle  conditions. 
•tber  experiment,  of  which  I  shall 
ak,  has  given  more  satisfactory  re- 
Ir.  Filter,  an  English  mechanician, 
9f  copying  the  railway  locomotive, 
ted  himself  to  adopting  an  ordinary 

engine,  and  establishing  a  connec- 
reen  the  crank*shaft  and  the  driving 
means  of  an  intermediate  shaft  and 
88  chain,  as  in  the  French  engine. 
ine  is  placed  on  the  boiler ;  the  fly- 
retained;  and  by  ungearing  the 
liate  shaft,  the  locomotive  may  be 
work  as  a  portable  engine,  it  is 
s  particularly  convenient  for  agricul- 
The  boiler  is  a  pluin  cylinder  and 
without  dome,  and  has  203  feet  of 
Burface.  No  special  precaution  has 
:en  to  prevent  changes  of  the  water 
hills ;  and  only  a  fusible  plug  is  put 
TOwn-sheet,  to  cause  the  fire  to  be 
shed  by  a  jet  of  steam  in  ease  the 
leet  should  become  dry  and  hot.  It 
ra  pump  which  can  be  worked  while 
ine  is  standing,  by  ungearing  the 
tiate  shaft.  The  driving-wheels  are 
ea  in  diameter,  and  sixteen  inches 
'  rim.  As  in  Albarct's  engine,  they 
ioed  and  loosened  by  bolts ;  but  in 
ich  machine  the  fastening  is  possible 
Mition  in  which  the  engine  can  stop ; 
the  English  it  is  necessary  to  bring 
«ls  to  one  position  on  the  axle,  so 

1  holes  may  be  in  line.  The  front 
og  train  is  very  complex.  It  has 
beels ;  the  hind  axle  under  the  fire- 
id  to  it  by  a  swivel ing  joint.  The 
ui  sits  with  his  hack  to  the  smoke- 
d  by  a  tiller  turns  the  front  wheel 
turned  in  toy  carriages.  The  system 
^rfectly  in  forward  motion ;  but  in 
ering  and  in  untrained  hands  there 
'  to  be  a  mirtunderstanding  between 
neman  and  the  steersman  which  may 
much  loss  of  time,  if  not  more  seri- 
isequences.  The  total  weight,  and 
ribution  of  it  on  the  axles,  is  about 
e  as  in  the  French  engine — and  the 
r  speed  is  the  same,  three  and  one- 
ilea  an  hour. 

18  the  engine  which,  in  October, 
de  the  experiments  of  towing  boats 


on  the  Oise,  of  which  all  the  journals  have 
spoken.  It  was  thence  taken  to  the  sugar 
manufactory  at  Braisners,  near  Soissons, 
where  Mons.  Duffie  proposed  to  use  it  for 
the  transportation  of  beets.  It  worked  for 
about  40  days  between  the  factory  and  a 
depot  at  Cuiry-Housse,  eight  kilometres 
distant.  The  road  is  in  very  good  condi 
tion,  but  its  profile  was  very  accidental,  for 
it  has  barely  two  kilometres  of  level,  and 
the  rest  is  in  steep  hills  and  inclines  varying 
from  three  to  seven  in  100.  Its  ordinary 
train  was  two  large  wagons,  each  contain- 
ing 7.4  tons  of  beets.  On  the  return  trip  it 
drew  five  to  six  tons  of  pulp.  It  made  two 
round  trips  per  day,  and  burnt  1,540  to 
1,760  lbs.  of  coal.  In  going  and  returning 
the  tank  was  filled  with  water  by  means  of 
hose  from  a  pond  six  kilometres  from  the 
factory ;  and  in  addition,  to  provide  for 
emergencies,  the  train  was  always  followed 
by  a  cask  on  a  cart  containing  from  two  to 
three  hectolitres  of  water.  In  dry  weather 
the  traction  was  easy,  but  in  wet  and  muddy 
weather  there  was  such  slipping  as  to  show 
the  necessity  of  lightening  the  loads  or 
roughening  the  wheels.  Notwithstanding 
the  regulations  against  rough  wheels,  the 
administration,  for  the  sake  of  rendering 
the  experiment  conclusive  in  all  respects, 
made  no  opposition,  and  Mons.  Duffid  ap- 
plied on  the  tires  of  the  driving  wheeb 
strips  of  plate  iron  1.2  inches  wide  by 
0.4  inches  thick  and  24  inches  apart  (eight 
on  the  entire  circumference).  With  this 
addition  the  machine  drew  its  load  over  the 
hills,  and  was  no  farther  hindered  in  its 
work  until  the  time  of  ice  and  fresh  snow. 

The  service  of  this  machine  was  generally 
satisfactory  during  the  winter  of  1867-8. 
This  is  not  to  say  that  it  always  avoided  acci- 
dents, and  that  there  were  no  ameliorations 
to  be  desired.  Far  from  it.  As  the  fusi- 
ble plug  corroded,  it  had  to  be  replaced 
every  week,  although  it  had  never  been  left 
completely  uncovered.  The  chain,  though 
atronrrer  than  that  of  Albaret,  has  had  seve- 
ral links  broken,  and  at  the  end  of  the  sea- 
son it  had  to  be  replaced.  There  have  been 
some  ruptures  of  teeth  ;  and,  at  the  outset, 
before  the  men  had  become  expert,  the  com- 
plication of  the  swivelling  train  or  three- 
wheel  bogie  occasioned  some  accidents  dur- 
ing its  maneuvers,  such  as  getting  into  the 
ditches  of  the  road,  from  which  the  machine 
could  not  always  extricate  itself.  But  these 
are  accidents  inevitable  in  the  beginning  of 
a  new  system,  and  Mons.  Duffid,  recognix- 
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ing  that  his  apparatus  is  far  from  having 
attained  its  ultimate  perfection,  does  not 
hesitate  to  regard  this  machine,  even  in  its 
present  state,  as  capable  of  practical  use, 
and  of  rendering  important  service  to  in- 
dustry. 

We  will  8ay  a  few  words  about  cost. 
Muns.  Duffio  generally  sent  four  men 
with  his  convoy — three  on  the  engine  and 
one  behind  to  look  out  for  the  train  and 
hold  the  horses  that  were  met,  and  aid  the 
mea>urers  at  the  beet  depot.  The  wages  of 
these  men  was  13  francs  per  day.  The  coal 
cost  21  francs  (at  28  fr.  per  ton),  and  the 
oil  cost  four  francs.  In  all,  38  francs  per 
day  to  transport  40  tons  of  beets  or  pulp 
eight  kilometres.  The  cost  of  haulage 
thorefore  amounted  to  .119  fr.  per  ton  per 
kilometre.  As  to  the  general  expenses, 
thoy  are  difficult  to  estimate,  for  they  de- 
]>end  on  the  number  of  days  of  work  in  the 
year  and  the  importance  of  the  repairs  of 
the  machine.  Mons.  l>nffie  hopes  to  use  the 
engine  100  days  in  the  year,  50  in  winter 
for  transporting  beets,  and  50  in  summer 
for  supplying  coal  and  for  working  in  culti- 
vation. The  engine  cost  14,000  francs,  and 
six  wagons  at  1,000  francs  each,  makes  2(^- 
000  francs  for  the  cost  of  his  material.  Al- 
lowing 20  per  cent  for  interest  and  decay, 
the  engine  being  estimated  to  last  six  years, 
and  adding  l,i.H}0  francs  per  year  for  re- 
pairs, we  have  a  yearly  expense  of  5,0lH> 
francs,  which  distributed  over  the  work  of 
the  100  days  gives  .150  francs  per  ton  per 
kilometre.  *  The  total  cost,  therefore,  is  .:!75 
francs.  At  this  rate,  Mons.  Duffie  has  al- 
ready realiied  some  economy,  for  the  trans- 
port of  beets  by  the  wagoners  has  never 
cost  him  less  than  .3  francs,  and  it  has 
often  cost  more  in  unfavorable  seasons. 

These  costs  have  been  very  largely  esti- 
mated,  and  in  many  cases  they  may  be  much 
reduced.  The  consumption  of  coal  has  been 
enormous,  nearly  24  kilognimmes  per  kilo- 
metre, which  is  just  twice  what  the  con- 
>truv.'tors  state  in  their  advertisements,  but 
without  reckoning  the  lighting  of  the  tires. 
This  excess  arises  from  two  causes.  First, 
frv>m  the  nrotile  of  the  road,  whi>se  grades 
considerably  augment  the  resistance  to  trac- 
tion. Second,  the  season  in  which  the 
work  was  done,  for  the  resistance  to  rolling 
varies  much  in  conse«|ueuce  of  the  dryness 
or  wetness  of  the  r<.»ad.  When  the  r^ud  was 
froxen  they  have  been  able  to  make  three 
round  trips  in  a  day,  and  then  the  cousump- 
:iou  of  coal  did  not  exceed  ^oO  kilogrammes; 


that  is,  less  than  20  kilogrammes  per  kil^ 
metre.  We  may  therefore  admit  that  ii  i 
fine  season,  and  on  a  route  with  good  gradci, 
the  consumption  would  not  exceed  siztsci 
or  eighteen  kilogrammes,  and  the  prise 
would  then  be  lowered  .02  per  ton  perkily 
metre.  Besides,  I  have  supposed  only  IN 
days'  work  in  a  year,  while  the  machiM 
could  easily  work  250  days  and  leave  tiae 
enough  for  cleaning  and  repairs.  Compv^ 
ing  in  this  case  the  decay  at  30  per  oentaad 
the  repairs  at  1,500  francs,  the  general  coK 
would  be  lessened  at  least  one  franc  per  Um 
per  kilometre.  Finally,  Mons.  Dofie^s  ei^ 
gine  worked  but  32  kilometres  daily,  whea 
it  could  have  worked  40  or  more,  and,  in 
effect,  it  did  but  a  third  of  the  work  of 
which  it  was  capable.  I  think,  then,  that 
it  may  be  concluded,  from  the  experiments 
at  Braisne,  that  in  the  present  state  of  the 
engines  they  can  transport  at  .2  francs  per 
ton  per  kilometre,  provided  they  have  work 
enough  to  keep  them  fully  employed,  and  to 
attain  this  result  it  will  suffice  to  have  400 
tons  of  transportation  to  do  during  250  days 
in  the  year.  This  amount  of  work  could, 
at  the  most,  supply  a  railway  only  two  kilo- 
metres  long. 

In  what  precedes  I  have  occupied  myself 
only  with  the  machines.  I  have  endeavor- 
ed to  show  the  results  already  attained  and 
to  indicate  the  improvements  which  had  to 
be  realised.  I  cannot  pretend  to  have  sucw 
ceeded  fully,  since  I  have  had  occasion  to 
examine  only  two  types  of  road  engine,  both 
exclusively  for  freight.  But  in  the  organi- 
zation of  a  system  of  steam  traction  it  v 
necessary  also  to  think  of  the  embarraff- 
ment  of  the  travel  already  existing  on  the 
riuids  and  of  the  effect  of  the  new  system  on 
the  preservation  of  the  roads.  In  these  re- 
lations the  experiments  at  Guise  and  Braisne 
are  conclusive.  The  locomotive  obeys  with 
the  greatest  diK'ility  the  direction  of  its  con- 
ductor, and  easily  makes  way  for  other  vehi- 
cles to  pass ;  but,  owing  to  its  great  weight, 
it  does  not  always  do  this  without  danger  to 
itself,  when  the  roads  are  narrow  and  the 
sidinp  are  very  soft.  In  such  case  it  cao* 
not  always  cede  half  the  road,  as  required 
by  regulations,  without  difficulty  to  itself. 
Horses  s«Km  accustom  themselves  to  thr 
noise  of  the  machine,  and  after  a  few  tnp> 
they  pas:?  without  more  alarm  than  they 
show  in  passing  common  vehicles.  Still, 
with  plex<ure  horses  that  are  more  spirited 
than  work  hon^s.  precautions  are  taken : 
but   these   honses  are  not  frequently  uct. 
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Dally,  the  loeomotives,  with  their  broad 
«el»,  he«Tily  loaded,  serve  as  road  rollers, 
i  seem  to  have  only  good  effects  on  maca- 
B.  The  front  wheels  being  nearer  to- 
ther  thftii  the  drivers,  a  considerable  part 
the  road  is  rolled  and  there  is  no  ten- 
Bcy  to  form  rats.  At  Ouise,  as  at  Braisne, 
vaa  remarked  that  the  road  was  injured 
It  by  the  wagons,  whose  wheels  were  not 
St  in  proportion  to  their  loads.     It  will 

easy  to  build  wagons  with  wider  wheels 
d  the  front  wheels  nearer  together  than 
e  hind  wheels  as  in  the  locomotives,  so 
at  the  steam  trains  may  have  the  best  ef- 
9t  <m  roads. 

By  the  regulations  made  for  road  locomo- 
rea,  their  tires  must  be  smooth,  without 
y  projection.  It  was  feared  that  if  other- 
ee,  they  might  break  up  the  surface  and 
riooaly  impair  the  durability  of  roads. 
It  the  trial  of  Mons.  Duffi6  showed  that 
Me  fears  were  unfounded.  I  was  at 
riane  after  several  days  of  rain.  On  the 
id  there  were  some  parts  dry,  others 
Mat  and  soft,  and  others  covered  with 
ad.  On  the  dry  parts  the  holding  strips 
ft  alight  traces;  on  the  soft  parts  there 
!re  mere  impressions  of  the  strips;  and 
Jy  in  the  mud,  where  the  foot  would  leave 
iraek,  was  there  any  tearing  up ;  and  this 
d  not  extend  below  the  stratum  of  mud 
ff  affect  the  macadamising.  And  even 
is  slightly  injurious  effect  would  not  have 
CQ  produced  had  the  strips  been  put  near 
prether,  instead  of  two  feet  apart.  With 
is  distance  apart  it  often  happened  that  no 
rip  had  held,  and  there  was  slipping,  and 
e  next  strip  arrived  at  considerable  speed, 
liking  a  blow  which  tore  up  the  ground. 
et  at  the  end  of  the  year  this  road  was  not 
ore  worn  than  at  the  end  of  previous 
ars,  and  Mons.  Duflie  had  no  increased 
ad  taxes  te  pay.  And  I  am  persuaded 
at  the  interdiction  of  holding  strips  will 

removed,  since  they  are  allowed  in  Eng- 
ad,  where  road  engines  have  come  much 
to  use.  I  will  add  that,  in  my  opinion, 
is  is  a  condition  indispensable  to  the  gen- 
ai  use  of  steam  traction,  for  the  load  that 
n  be  drawn  with  smooth  tires  is  too  limit- 
,  the  force  of  the  machine  not  well  util- 
id,  the  dead  weight  too  considerable,  and 
e  transportation  cannot  be  performed  with 
II  economy.  And  were  it  true,  which  I 
ink  is  not,  that  the  projecting  strips  in- 
red  the  roads,  their  use  should  ncverthe- 
m  be  permitted;  for  the  State  and  the 
apartments,  in  providing  for  the  repairs, 


would  only  have  to  lay  just  taxes  on  the 
new  engines,  which  they  could  pay,  and  still 
work  with  advantage. 

The  Exhibition  of  '67  in  the  Champ  de 
Mars  brought  together  nine  road  locomo- 
tives, from  four  French  and  five  English 
constructors.  The  English  seem  not  to 
have  thought  seriously  of  applying  them  to 
the  transportation  of  passengers,  for  their 
machines  are  adapted  to  draw  heavy  loads 
at  relatively  low  speed — seven  or  eight 
kilometres  at  most.  But  in  France  the  in- 
ventors have  schemed  to  carry  both  passen« 
ers  and  goods.  The  locomotive  of  Mons. 
Larmanjat  can  draw  only  three  tons,  but  its 
speed  is  sixteen  to  eighteen  kilometres  per 
hour,  which  is  practicable  only  for  passen- 
gers. Mons.  Lots,  of  Nantes,  has  aimed  to 
construct  a  machine  suitable  for  both  ser- 
vices. The  other  French  constructors,  like 
the  English,  propose  to  carry  only  merchan- 
dise. 

Before  examining  each  machine  particu- 
larly, I  will  glance  at  the  whole  together, 
to  set  forth  the  general  characteristics 
adopted  by  their  constructors. 

Boilers. — Besides  the  conditions  com- 
mon to  all  boilers,  there  are  two  specially 
necessary  to  be  considered  in  boilers  for 
road  locomotives.  First,  they  must  be 
made  so  that  the  fire-box  crown-sheets  shall 
remain  covered  with  water  while  going  up 
hills.  Second,  the  form  of  the  boiler  should 
permit  a  firm  and  accessible  arrangement  of 
the  organs  of  motion.  The  English  have 
all  adopted  the  same  kind  of  boiler — the  lo- 
comotive without  a  steam  dome.  This  al- 
lows great  latitude  in  the  arrangement  of 
the  engines,  on  top  or  underneath.  The 
danger  of  burning  the  crown-slieet  is  guard- 
ed against  by  a  fusible  plug,  which  will  melt 
and  allow  steam  to  extinguish  the  fire  before 
an  explosion  can  occur.  This  system  is 
simple,  but  it  cuts  the  knot  rather  ihun  un- 
ties it,  and  it  may  have  the  inoonvonience 
of  supplying  moist  steam,  for  want  of  a  high 
and  copious  reservoir. 

The  French  have  been  more  inventive. 
The  design  of  Mons.  Albaret  we  have  de- 
scribed. That  of  Mons.  Larmanjat  is  anal- 
ogous to  it  Mons.  Calla*s  has  also  a  dome 
over  the  fire-box  and  a  barrel  long  enough 
to  accommodate  the  motive  mechanism.  But 
the  most  radical  solution  is  given  by  Mons. 
Lotz,  who  completelv  separates  tho  boiler 
from  the  engines  The  boiler  is  upright  and 
behind  the  dri  ing  axle,  and  the  engine  is 
inverted  and  attached  to  the  tank,  whioh  ia 


placed  forward  ftt  the  distauce  saitable  for  the  niDe  maohines  five  are  sle^red  br  &  t 
the  glaring  and  chain.  The  two  conditions  oial  conductor  placed  in  front  ;  |b#  Um 
which  I  have  stated  are  perfectly  fulfilhid,  others  are  steered  by  the  enginemaii.  It 
but  it  is  to  be  feared  that  the  boiler  will  ho  going  forward  the  first  system  eridfnlly 
found  too  small  for  the  speed  proposed.  On  gives  most  safety  ;  and  it  appears  to  in«  bMl 
the  whole»  I  think  the  English  typeia  really  for  passenger  carriages  ;  but  it  is  moreooil* 
the  most  practical.  ly»  and  renders  maneuvering  more  oompU^ 

Motive  Mechanism. — The  first  quea-  in  consequence  of  want  of  perfect  nidm* 
tlon  i!»,  whether  there  should  be  one  or  two  standing  between  the  enginemitB  aad  »teer^ 
cylinders.  With  two  the  motion  is  more  man.  I  now  pass  to  the  ezammatioti  of  tilt 
e<|UiiUe,  and  there  are  no  dead  points,  different  models  Beparately,  commeBoiiig  wHk 
With  one  the  constraction  is  cheaper,  and   the  £ngHsh. 

the  maxiraum  effort  greater.  This  last  ad-  Filter's  Engine  — Having  irbowii  tilt 
vantage  is  not  to  be  disdained  in  a  machine  j general  arrangement  of  this  ,— ^v-—  J 
which  is  liable  to  get  mired,  and  to  require  i^hall  here  consider  only  some  d*  ►•• 

for  a  moment  a  strong  exertion  of  force,  j  jj^y^otjoij.  The  intermediate  ehuu,  renrpeii 
On  this  question  opinions  are  divided,  and  Li,e  crank-shaft  and  the  driving  axle,  if  not 
of  the  nine  engines,  four  (three  of  which  are  I  pieced  high  enough  to  pass  over  the  t4jii  of 
v.«...K^    Ko,,.  ,^^  n^u^A^..      Tk.,  K..ri,.K   ^^^  boiler  ;  it  therefore  has  but  one  beartiig. 


Frenoh),  have  two  cylinders.     The  English 
have  all  put  their  cylinders  on   top  of  the 


and  its  working  end  overhangs.     Tbi«  ili»- 


boiler,  near  the  chimney,     Calla  has  put  bis  j  position  is  unsatisfactory,  and  it  is 
cylinders  on  top,  but  near  the  tire-box.    Al-  " 

buret  and  Larmanjat  place  theirs  under  the 
boiler,  where  the  mechanism  is  least  accessi- 
ble and  most  exposed  to  dust ;  but  they  have 
endeavored  to  exclude  dust  by  coverings. 
And  Lotz  has  placed  his  cylinder  vertically 
over  its  shaft,  in  the  forward  part  of  ihe 
vehicle.  This  disposition  is  perhaps  objec- 
tionable on  account  of  the  disturbance  by 
the  up'Snd-down  movement  of  the  piston. 

Mode  of  Transmission  of  tub  Mo- 
tion.— I  have  already  spoken  of  the  incon- 
veniences of  chains  for  transmitting  motion 
from  the  intermediate  shaft  to  the  driving- 
wheels.  Nevertheless,  there  are  but  three 
Eni^lish  constructors  who  have  ooinpletely 
abandoned  that  system.  Whatever  be  the 
mode  of  transmission,  nearly    all    the    ma*  j 


not  tmf* 

prising  that  several  niptures  of  the  pillow* 
block  occurred  on  the  machine  belonging  to 
Mons,  Duffir.  On  Filter's  looomrtlife.  in 
the  Kxhihition,  the  motion  is  transmitted 
by  wheels  with  conical  surfaces,  which  wiirk 
against  each  other,  depending  on  frietloi. 
This  system  baa  the  advantage  of  eaoy  eoiN 
nection  and  disconnection  while  in  mottoo; 
but  it  may  be  questioned  whether,  in  prac- 
tice, this  kind  of  frictional  gearing  will 
have  sufficient  adhesion. 

AvELiNG^  Porter's  Macuinb. — Thii 
has  the  same  disposition  as  that  of  Pilt^X 
which  is  but  a  copy  of  it;  for  Aveling  10- 
vented  the  three-wheel  truck.*  The  inter- 
mediate shaft  is  not  over-hung,  ma  in  Fil- 
ter's, but  is  placed  high  enough  to  pftM  over 
,  .  .  r      '  c  .  ^  .1     1  the    boiler,  and  have  a  bearinir   e&oh  »i*l^. 

oh.i.08  can  vary  the  "umber  of  turns  of  thojj^^^  ^^^^  ^„j  j,,^  crank-shaft  carry  g*« 
eng.De  to  one  turn  of  the  wheels.     Tho80  ofl    ^^^j^  ^^  ^^^  ^^^     ^j^^  ^.g^^^^^  ^^^ 
Albaret  and  PiUerare  the  eseept.oni     The   ,j^^     ^^  ^^^^  ^^^  j  ^  vari.rbj 

others,  eioepting  Lots  and  Ij^^rmanjnt.  „ho  ^j,^^^;  ^.^^^^  the  right  or  left  into  «.»/. 
aim  t«  carry  pamagers.  in  the.r  dev.cea  o  ^^  j^  j|„^^  jy^^^,^  ^\^^^.  ^^^^  g^j„  ^, 
vary  the  speed,  hare  do  other  objeot  than  to  j,^^  ^^^^,^  .,  ^^  i,^,^^  Experience  prove, 
save  t.me  when  going  without  loads.  All  tHat  when  the  tire*  are  smooth,  the  fixing 
the  French  eng.nes  are  on  .prings,  and  th,»  '  ,,^^   (^^  ^g.^,^^  ^^^  ^^,1  ^^j,^  ;^   ^^^j^^^ 

When  one  wheel  is  fixed  and  the  other  lo<»«»e, 
the  former  slips  a  little,  and  soon  brings  the 
holes  into  line,  so  that  the  bolt  can  be 
pushed  home ;  and  this  happens  the  soooof 
when  the  slipping  is  greatest,  and  there  ift 

*  Wa  trantTst«  withoat  OAmmetit.    Oar  r«Acl*f*  n^f 
kaow  Ihiil  tbii  ii  older  than  Aveliaf  i  aed  <-"     '^*f 
poiaU  tbey  niaj  fee  thft(  w«  tntgbt  b»r«  win 
Autbor;  but  w»  deem  it  b«it  lo  reterre  oar  . 
until  ««  baTo  oeoatioo  to  write  an  trigtaal  aiu^^lc  oa 
tbiB  labjeot* 


is  evidently  advantageous  on  account  of 
durahility ;  hut  none  of  the  English  have 
deemed  it  useful  to  adopt  this  refinement. 
All  the  French  engines  have  smooth  driv- 
ing-wheels, as  required  by  the  regulations 
The  Knglish  restrict  themselves  to  this  con- 
dition only  in  engines  which  they  hope  to 
nell  in  France. 

Stkketng  Apparatus^^ — For  the  swiv- 
elling of  the  front  axle  or  truck  there  are  as 
many  plana  as  there  are  oonstruotors*     Of 
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iNMt  need  of  the  adhesion  of  both  wheels. 
The  loosening  is  not  practicable  without 
■topping,  for  the  bolt  is  held  too  strongly 
to  be  withdrawn  while  the  power  is  exerted 
«pon  it.  Porter's  steering  gear  certainly  re- 
qnireA  the  least  effort  of  the  steersman  of  any 
that  I  haTe  seen.  In  maneuvering  it  requires 
a  certain  degree  of  expertness ;  but  even  in 
this  view  it  is  not  inferior  to  the  other  sys- 
tems that  require  a  special  steersman. 
Messrs.  Aveling  &  Porter  had  two  looomo- 
tives  in  the  Exhibition,  for  which  they  re- 
eeived  a  medal.  One,  of  six  horse  power, 
was  bought  by  Moos.  Schutman,  of  Don,  to 
tow  boats  on  canals.  The  other  was  of 
twelve  horse  power.  They  have  engines 
now  at  work  at  the  sugar  factories  in  Neslos 
(Somrae),  in  Barbiere  (Oisi:),  and  in  Mon- 
eomet  (Aisne). 

Machine  op  Clayton.  Shuttle- 
WORTH  &  Co.  (Medal  of  the  Exhibition  ) — 
It  has  two  cylinders  under  the  boiler.  The 
tnnsmi^ion  of  the  motion  is  by  spur-gear- 
iog  on  two  intermediate  shafts ;  one  of  them 
orer-hangiDg,  like  Pilter's.  They  say,  in 
their  prospectus,  that  their  engine  can  turn 
oarves  of  the  shortest  radius,  being  enabled 
by  differential  gearing  of  their  own  inven- 
tion. I  could  not  see  this  mechanism,  as 
the  attendant  of  their  machine  covered  it 
when  he  saw  that  I  was  studying  it  closely. 
It  has  two  steering  wheels  and  a  steersman 
in  front. 

Ransomb's   Machine. — This   has   one 

?rlindcr  on  the  boiler  near  the  chimney.  | 
he  motion  is  transmitted  by  spur-gearing  I 
on  two  intermediate  shafts,  one  of  which  is 
nsed  only  for  slow  motion.  The  fixing  of  I 
the  wheels  is  by  friction  clutches ;  but  it  is  ' 
not  effected  while  in  motion.  It  has  two  \ 
steering  wheels,  and  the  smoke-box  rests  on  ! 
the  centre  of  the  axle.  Chains  go  from  the  ' 
ends  of  the  axle  to  a  horizontal  wheel  be- ; 
hind  the  engineman,  who  steers.  i 

Undebhill's  Machine. — This  has  one  j 
cylinder.      The   motion   is  transmitted   by  | 
■pnr-gearing.     The  fixing  of  the  wheels  is  ■ 
by  bolts,  as  in  Pilter's.     It  has  two  xteor-  \ 
faig-wheels,  with  the  load  on  the  middle  of 
the  axle,  as  in  Ransome's.     A  strong  rod,  j 
jointed  to  one  end  of  the  axle,  goes  to  the 
foot  plate,  where  it  is  formed  into  a  rack,  I 
and  pushed  or  pulled  by  a  pinion  worked  by 
the  engineman.      What  strikes  us  in  this 
machine   is   the  extraordinary  form  of  the  i 
driving-wheels,   whose   rims   are   of  wood, ! 
with  iron  tires  i igsagged,  so  as  to  leave  on  | 
the  ground  a  track  similar  to  one  r6prc-| 


scnted  by  the  figure  6.  This  system  may 
give  adhesion  ;  but  it  may  be  feared  that  it 
will  fail  to  give  strength.  For  the  rest,  the 
constructors  seem  to  have  aimed  to  make 
portable  engines  that  could  propel  them- 
selves from  place  to  place,  rather  than  trac- 
tion engines,  for  they  have  not  provided  coal 
boxes. 

Larhanjat's  Machine.  (Medal  of  the 
Exhibition.) — It  is  of  three  horse-power, 
and  expressly  for  paiisengers,  and  can  draw 
three  tons.  Its  centre  of  gravity  is  very 
low,  which  gives  it  great  stability.  It  has 
two  cylinders  under  the  smoke-box  turning 
a  crank-shaft  under  the  fire-box.  This  shaft 
acts  by  gearing  on  the  driving  axle.  Be- 
hind the  driving  axle  is  a  shorter  axle,  with 
smaller  wheels,  and  an  endless  chain  trans- 
mits the  motion  from  one  axle  to  the  other. 
By  levers,  worked  by  screws,  the  smaller 
wheels  may  be  made  to  carry  the  load,  or 
may  be  lifted  clear  of  the  ground, — the 
wheels  that  are  not  carrying  continuing  to 
turn.  When  on  a  level  the  large  wheels 
carry  and  run  at  sixteen  to  eighteen  kilome- 
tres an  hour ;  and  on  hills  the  small  wheels 
curry  at  seven  to  eight  kilometres.  The 
higher  speed  is  ten  to  eleven  and  a  quarter, 
and  the  lower  is  four  and  three-eights  to  five 
miles  per  hour.  This  combination  secma 
capable  of  working  well ;  but  evidently  it  is 
inapplicable  to  a  heavy  engine,  and  could 
not  be  used  for  a  locomotive  that  draws 
heavy  loads.  It  is  steered  by  one  wheel, 
held  by  a  forked  spindle,  on  the  top  of  which 
is  an  arm,  to  which  is  jointed  a  rod  worked 
by  a  pinion,  by  the  engineman. 

Lotz's  Machine. — In  external  appear- 
ance this  machine  differs  entirely  from  the 
others,  which  all  more  or  less  resemble  rail- 
way locomotives  or  portable  engines.  In 
this  all  the  organs  are  placed  on  a  sheet- 
iron  body  with  three  wheels.  Behind  the 
driving  axle  is  an  upright  boiler,  and  in 
front  is  the  engine.  The  cylinder  is  vertical. 
The  crank-shaft  and  two  intermediate  shafts 
are  on  a  level  with  the  platform.  The  mo- 
tion is  transmitted  to  the  drivers  by  an  end- 
less chain.  Gearings  of  different  piopor- 
tions,  with  clutches,  enable  the  machine  to 
be  worked  at  three  rates  of  speed.  This 
complete  separation  of  the  boiler  from  the 
machinery  has  the  great  advantage  of  ren- 
dering repairs  easy  ;  and  the  engineman  baa 
all  parts  in  sight  and  aoceHsible.  But,  a^  I 
have  said,  the  boiler  appears  too  small.  The 
driving  axle  has  springs  and  axle  boxes  like 
those  on  ra  Iways.     The  fixing  of  the  wheels 
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is  by  a  brake,  Qualogoas  to  that  in  Ran- 
som e's*  The  axle  of  the  steering  wheel  is 
fixed  ill  &  horizcmtal  wheel  with  teeth  on  its 
rimi  into  which  a  pinion  works,  and  a  spe- 
cial steersman  works  the  pinion.  Lotz*s 
engine  has  been  bought  by  the  director  of 
the  gltt^s-works  of  Folembray  (Aisfic)^  and 
has  worked  sioce  November^  18G7,  between 
Coney  and  Chauny,  transporting  materials 
and  products.  Several  other  similar  ma- 
chines work  at  Orleans  and  at  tho  mines  of 
Blanzy, 

Ai.bari;t*9  Machtnb. — Save,  in  a  few 
details,  Albaret's  machine  in  the  Exhibition 
ifl  like  the  one  we  have  reported.  The  end- 
less chains  are  made  stronger ;  and  this  is 
the  only  one  that  has  a  chain  to  each  driving 
wheeL 

Collars  Machine. — It  has  a  framing 
like  a  locomotive,  formed  of  two  long  plates 
with  proper  connections*  This  is  an  im- 
provement ;  for  it  bears  the  shocks  and 
strains  which  in  the  English  and  Albaret^s 
engines  are  thrown  upon  the  boiler.  It  has 
a  steam  dome  over  the  firc-boX|  and  a  barrel 
long  enough  to  receive  the  engines.  The 
ovlinders  are  on  top,  near  the  fire-box,  and 
the  crank  shaft  forward,  and  the  intermedi- 
ate shaft  further  forward,  close  to  the  chim- 
ney. With  this  arrangement  the  endless 
chain  has  to  be  very  long,  though  the  driv- 
ing axle  is  before  the  fire-box;  and  the 
lengthening  of  the  chain  must  therefore  be 
more  sensible.  There  are  two  steering 
'  wheels  in  front  of  the  smoke-box,  under  the 
frame  plates.  The  axle  is  con  nee  ted  to  a 
horixontai  wheel  with  a  toothed  rim,  into 
which    a    pinion   gears ;  and   the   pinion  is 


But  there  is  another  iide  :  on  aecotmt  of 
steam  dome  the  boiler  has  been  made 
to  give  room  for  the  meebani^m. 
necessary  organs  arc  numerous,  and 
ment  the  weight ;  and  as  the  division  of 
weight  between  the  axles  is  very  unf^qail, 
because  of  the  driving  axle  being  before  tlkt 
flre-box,  the  weight  on  the  drivers  i*.  eicf^ 
sive,  twelve  tons  at  least*  This  weight  fir 
exceeds  the  regulations  ;  and  there  arv  ftw 
routes  on  which  such  a  heATj  engine  cobU 
work  safely. 

I  conclude  this  rapid  review  by  ciylM 
that  I  entirely  agree  with  the  intematioDiI 
jury  who  awarded  the  first  premium  U» 
Messrs.  Aveling  &  Porter.  Their  machtae 
is  the  one  which,  by  its  sLmplicity  and  good 
construction,  seems  for  the  present  tu  offer 
the  best  assurance  of  efficient  and  ff^golsr 
service  on  common  roada. 


ENaiNEERINQ  IN  InDIA. — FfOIQ  1 
prehensive  article  in  the  Calcutta  ♦*Kt>» 
gineers*  Journal/'  we  learn  that  the  Govern* 
ment  has  fully  sanctioned  the  establishmfOC 
of  the  best  schemes  of  irrigation  and  Oftvi* 
gation  throughout  this  vaat  industrial  emiHTTr 
Among  the  scheuies  for  irrigation,  surv i^yed 
and  to  be  commenced,  are  the  const nictioa 
of  16  reservoirs  in  the  Midnapore  district, 
from  which  some  75,1)00  acres  of  land  may 
be  watered ;  also  a  canal  for  navigati*m  and 
irrigation,  from  the  Damoodah  to  CnLutta, 
100  miles  (already  commenced);  a  system  of 
canals  from  the  Gunduck  for  the  benefit  of 
the   districts    of    Chumparan,    Sarun*   and 


Tirhoot,  and  a  canal  from  the  Ganges  at 
turned  by  a  band  wheel  worked  by  a  special  I  Hajmahal  to  Calcutta,  alao  the  Sutlej  caaal 
ateer^man.  The  drivers  arc  fixed  and  '  in  Punjab— all  these  canals  being  de«(igD«d 
loor*ened  by  clutches,  which  are  worked  I  to  prevent  the  horrors  of  famine  beretofort 
while  the  enjrine  is  in  motion.  In  the  other  prevalent,  and  being  adapted  to  navt^ 
engines  the  steersman  in  front  has  only  to   tion. 


An  Imperial  sanitary  commission  liaa  1 

appointed.     One    of  ita    chief  duties   is  It 

detect  the   cause  of  disease  as  arising   frant 


steer.  lu  this  he  has  to  work  the  clutches 
which  fix  the  wheels,  and  also  to  work  the 
lovers  which  change  the  rates  of  speed.  The 

engineman  has  charge  of  the  throttle,  the  |  drainago,  water  supply,  and  vonttUticm. 
raversing  lever  and  the  fire.  Experience  Simultaneously  with  this  office  the  (»ov«*m* 
only  ean  show  whether  this  division  of  ment  of  India  has  made  the  appointment  of 
fiinetions,  between  men  so  far  apart,  is  the  an  experienced  mining  engineer  in  eonneo* 
most  advantageous.     Under  the  seat  of  the  tion  with  the  geological  survey  of  India,  for 


conductor    is   a   shaft    worked  by  a  chain, 
which  in  case  of  accident  will  nervo  to  warp 


the   purpose  of  determining  with  precision 
the  mineral  resources  of  India,  improving 


tbA  machine  forward,  by  winding  a  chain  or  ^  and  extending  mining  operations^  and  sab- 
Tfipe  that  is  fastened  to  an  anchor  or  othor  sequently  collecting  and  tabulating  the 
ixed  object  ahead.  This  engine  is  solidly  mineral  statistics  of  the  country,  which  has 
built;  all  its  parts  have  been  well  studl  V  '  n  looked  upon  with  great  pleaatire  ii&d 
and  all  the  difficulties  have   boou  nuti^  ^faction  by  the  country  at  large. 
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'imiVERSAL"  ROLLING  MILL 

&rticle  on  the  progress  of  the  British 
le,  ''  The  Engineer''  says  :  There  is 
practically  connected  with  the  iron 
iO  is  not  tolerably  familiar  with  what, 
use  'of  the  universal  mill,  Messrs. 
audet  &  Co.,  for  example  (in  France), 
m  able  to  accomplish.  Their  fam- 
$d  beam  39|  inches  in  depth,  exceed- 
eet,  in  length,  and  weighing  two  and 
ins,  with  also  their  more  than  two- 
n,  upwards  of  a  foot  in  height,  and 
06  feet  in  length,  in  the  Paris  £x- 
,  evidenced  the  capabilities  of  the 
rersal  mill. 

niil,  as  laid  down  at  Messrs.  Petin, 
&  Co.'s  works,  is  not  remarkable  for 
,  for  its  essential  features  are  to  be 
ilBewhere,  and  Mr.  Abram  S.  Hewett 
that  they  were  embraced  in  the  first 
T   rolling  beams  erected  in  1853  at 
enton  works.  New  Jersey.      Whilst 
versal  mill  is  by  no  means  unknown 
f  of  our  readers,  they  may  neverthe- 
1  interested  in  reading  the  description 
8  given  by  the  intelligent  American 
Bier  and  United  States  commissioner 
re  named.     He  says  that  ''  for  each 
beam  there  is  a  pair  of  rolls,  each  hav- 
rorking  face  at  the  middle  of  its  length 
in  width  to  the  depth  of  the  beam. 
ameter  of  the  roll  at  this  part  is  very 
say  three  feet  six  inches,  the  body  of 
1  for  the  rest  of  its  length  being  about 
lea  in  diameter.   This  formation  of  the 
aves  a  considerable  space  between  the 
xcept  where  the  working  faces  come 
er.     In   this  open  space  is  placed  a 
:  rollers  working  on  vertical  axes  fixed 
it  movable  frames,  by  which  they  can 
►ught  into  juxtaposition  with  that  por- 
r  the  horiiontal  rolls  which  is  of  largest 
fcer.     The  pile  used  is  somewhat  thin- 
jko  the  width  of  the  flange  to  be  pro- 
,  and  of  a  width  somewhat  greater  than 
»pth  of  the  beam,  and  is  so  made  up  as 
iform  roughly  to  the  final  shape  of  the 
•.     As  the  main  rolls  are  brought  to- 
r  and  form  the  trough  in  the  beam,  the 
m  rollers  at  the  sides  are  also  pressed 
ds  the  centre,  and  tend  by  the  pressure 
I  they  exert'  to  extend  the  flanges  at 
ime  time  that  the  web  is  being  drawn 
y  the  main  rolls.     An  offset  is  turned 
»  aide  of  the  large  portion  of  the  rolls 
•eive  and  form  properly  the  flange  as  it 
;eBded  by  the  pressure  of  the  friction 
foL.  I.— No.  8—16. 


rolls.  The  latter  are  worked  each  by  a 
screw  in  a  horizontal  frame  bolted  to  the 
side  of  the  housing,  the  screw  being  provided 
with  a  ratchet  lever  to  be  worked  by  hand. 
This  enables  the  thickness  of  the  flanges  to 
be  adjusted  with  precision.  With  this  mill 
Messrs.  Petin,  Gaudet  &  Co.  have  rolled 
girders  of  40  inch  high,  33  feet  long,  and  feel 
confident  they  could  make  them  90  feet  in 
length.'*  We  have  said  that  the  essential 
features  of  this  mill  were  applied  in  the 
United  States,  more  than  fifteen  years  ago, 
but  in  the  mill  at  Trenton  the  axes  of  the 
driver  rolls  and  of  the  friction  rolls  were  at 
right  angles  to  the  mill  of  Petin,  Gaudet  & 
C-o.  That  the  latter  is  a  better  working 
arrangement  than  the  former  there  cau 
scarcely  be  any  doubt. 

It  is  no  argument  against  the  universal 
mill  that  the  immense  products  exhibited  in 
Paris  as   resulting  from   its  operation  are 
mere  tours  de  force.     No  doubt  a  careful 
observation  of  the  various  structures  in  pro- 
cess of  erection  on  the  continent  would  fail 
show   that  these   remarkable   specimens  of 
rolling  have  yet  been  brought  within  such 
limits  of  cost  as  to  admit  of  their  use  in  build- 
ing.     We   know   that  in    the    Exposition 
building  itself,  no  rolled  beams  were  to  be 
found  of  a  greater  depth  than  nine  inches ; 
and  it  is  a  fact  that  in  the  very  many  struc- 
tures which  are  now  being  put  up  in  the 
capital  of  France  in  which  iron  beams  are 
invariably   employed    to   the   exclusion   of 
wood,  four-inch,  six-inch  and  seven-inch  are 
the  dimensions  most   generally   employed. 
But  now  that  it  has  been  found  possible  to 
produce  beams  of  such  largo  dimensions  by 
the  simple   process  of  rolling,  Mr.  Hewett 
himself  observes,  **  it  is  but  reasonable  to 
expect  that  the  cost  will  be  reduced  as  ex- 
perience  is  gained,  and  that  the  large  single 
girders   will  gradually  replace  the   riveted 
girders,  which  even   in   the  palace   of  the 
Louvre  are  invariably  employed  for  spans  of 
any  considerable  extent.' 

The  universal  mill  had  its  origin  in  this 
country,  but  it  came  out  at  a  time  when  its 
importance  was  not  correctly  estimated  here; 
nor,  so  far  as  it  relates  to  beams  of  the  class 
we  have  been  writing  about,  would  its  appli- 
cation have  been  of  much  value  in  England 
at  this  t-me.  Now  the  mill  is  getting  into 
use.  The  most  recent  train  of  this  kind  is 
intended  for  rolling  long  narrow  plates  with- 
out the  necessity  of  their  being  afterwards^ 
sheared. 


STRESS  DUGRAMS  FOR  STRAIGHT  RAF^ 

TER  mm 

In  a  fomief  Rrticle*  we  expUined  liow  the 
streases  in  a  Warren  girder  can  be  deter- 
mined by  means  of  a  simple  and  easily  con- 
structed diagranu      We  will  now  proceed  to 
determine  tbe  stresses  in  some  of  the  com- 
moner kinds  of  iron  roofs — such  as  are  indi- 
cated in  figs.  1  and  3.     In  the  form  most 
commonly  used  in  England,  fig.  1  ropresenl^ 
a  roof  with   four  bays  to  each  half.     The 
fitat  step  is   to  determine   the    load  which 
produces  the  moat  unfavorable  stresses  in 
the  different  bars.     In  general,  this  load  is 
not  the  same  for  all  the  bars;  but  m  the 
present  caae,  in  which  the  top  and  bottom 
beams  A  C  and  A  J  are  straight  and  meet 
at  the  end  points  A  and  B,  the  greatest  load 
possible  uniformly  distributed  over  the  whole 
rifcfier  gives  the  greatest  stresses  in  all  the 
bars.     We  have,  therefore,  to  consider  tKis 
l<iad  only.     It  consists,  first,  in  the  dead 
weight  of  the  girder ;  second,  the  weight  of 
the  covering;  third,  in  the  gieat^t  possible 
lo«d  of  snow  which  may  fall  on  the  root; 
fourth,  the  maiiraum  proaeure  of  the  wind. 
The  girder  ought  io  be  loaded  at  the  con- 
necting point,'*  onlv— that  i«  to  say,  at  the 
points  A  B  K  F  C,  &c.,  for  otherwise  the 
bara  of  the  top  beam  would  have  to  austain 
bending  forces  retjuiring  more  material  than 
lar  maw  tension  or  compression*  We,  there- 
fore, ioppoe©  that  the  covering  resta  en  the 
gtT\ler  only  at  these  points.     When  one  of 
ik^^  pc»ints,  E,  for  instance,  is  lomded  with 
the  weight  upon  half  the  bay  D  K  and^pon 
h:^H  \}ic  bay  B  \r\  or  when  the  top  beam  i* 
tilo  tqual  portions,  th«  load  n|Km 
t.„,      :  lieettng  point  w  ^^^  ^  ^f  *^ 
i  f^oaaagular  snperficMn  osloiKliiig  in 

Eftom  one  rjJicr  to  anotker,  and  ex- 
g  m  breadth  fVoin  one  f?onneeting 
jmnt  of  Uiia  r»<Ur  to  tJia  »amC  The  weight 
r«»lJDC  »oo  the  pointa  A  and  B  does  not 
miWft  ih€  oimaltllQaoa.  aa  iheae  are  direeUy 
takea  up  hj  tU  mqiporu     Let  na  now  anp- 

r«  th$  wMgfct  m  ei<*  ccwmocttng  potat  lo 
two  loi«-  Tben  the  whole  load  oft  tW 
g^^^^  is  7  hf  %  or  U  tons.  Aa  tkb  &a 
8Jttk«i^ri<mllj  di»tribul4^d  with  regard  to  the 
^^y  i^npooita  A  and  B,  eaoh  af  the^  baa  to 
^«  7  uiaa*  Those  data  aw  aaftcient  lo 
^lemtno  Uio  etreavea,  and  we  wiU  begia  lo 
ogft^trun  tlie  dtaftaaa^oC  foroea* 

Wm  eoiploj  in  thia  imiaim  a  wmim  m 
d«(ik..i ;.^.,    *%...  v.^r«  A^  lorocs  wUoh 


more  conTenient  than  that  uaed  in  the  fr. nr.fr 

article.     Structures  to  which  the  gr^i 

method  is  applicable  constat  of  bars  fv 

a  number  of  triangles,  and  we  accordiaj 

write  in  each  of  these  triangles  a  ti  /• 

cessively  numbering  these  triang| 

natural  order.     In  figs.  1  and  3,  i^us  i 

by  the  numerals  5»  6,  7,  8,   9,  10  '^• 

Opposite  each  top   and   bottom    bar   ttL^r 

figures  are  placed,  and  it  will  be  obwrted 

that  for  all  the  bottom  bars  the  figure  0  ia 

used,  whilst  the  ban*  in  the  top  plane  hate 

different  numerals,  12  3  4.    Thii*  difference 

is  due  to  the  fact  that  the  bottom  is  not 

loaded.     If  one  of  the  connecting  points  at 

the  lottom^for  instance  the  point  C  in  fig. 

1 — were  loaded,  we  should  be  obliged  to  u»e, 

to  the  right  and  left  of  the  load  at  C,  differ* 

ent  nnmerala.     In  this  way  each  bar  haa  at 

each    of  its   sides   a  figure   by  which  it  la 

clearly  indicated      The  top  bar,  E  F  in  fif, 

1,  is  thus  denoted  by  t>  8,  whibt  6  7  denotei 

the  bar  K  G.     Similariy  the  load  at  poiM 

E  may  be  denoted  by  2  3.     This  mode  of 


marking  the  bars  will,  perhaps,  apwar  at 
first  rather  strange  and  arbitrary ;  but  we 
shall  Bee  further  on  that  it  gnatly  aimpltto 


M«c»sift*,  ToU  U  me^  I.  ^  tt. 


the  indication  of  the  foroea  in  the  di^i^^H 
of  streaeea  and  the  eorrcapoodeiioe  betw^H 
the  two  ftgsfee* 

The  proceaa  of  oonstructing  the  diagram 
of  forcea  for  thie  roof  is  exactly  the  eameaa 
in  the  former  ea^  of  a  Warren  girder,  ^e 
begin  at  the  point  A,  where  the  known  reHat* 
mce  of  the  support  acts  with  a  force  of  7 
tons.  This  we  hare  to  decompose  into  two 
components  with  the  directions  of  the  bars 

4  5  and  5  0.  Draw  a  liee  0  4  (in  §g-  'J) 
parallel  to  the  force  A  in  fig*  1.  and  there- 
fore vertical,  make  its  length  to  any  aeale, 
equal  to  A,  or,  in  our  case,  equal  to  7  tone. 
Through  the  two  end  poiuts  0  and  4  drejf 
lines  parallel  to  the  directions  of  the  ^^B^H 

5  4  6,  and  let  theae  lines  »eet  at  the  p^H 
5,     Th«sn  0  5  and  4  5  in  fig.  2,  delerwiine 
the  Ibtcee  teepecabely  aeliag  in  iheee  b«n* 
To  aeeerlain  tf  theee  ftiroes  predvee 
or  eompreaakwi  we  Mlow  ronad  liie  _ 
0  4  5  itt  the  direetioQ  whieh  b|>«eeribed 
the  dtiwotiiMi  ef  Om  l»ewa  tome  0  4,     wel 
ind  tkal  Ike  toee  i  S  ael«  ^m  ^  ta  4 
0  h  fren  0  la  6..     In  the  girder  fig.  1,  theeff 
htt>m  a«t  parallel :  the  force  in  4  5 
mrallel  to  ihe  direction  from  5  to  4 . 
horn  D  towaida  A  ia  fig.  1;    K  tWrefcre* 

CoTaela  ia  ibe  dif4etieo  from  (I  to  5  i» 
fig.  2;  that  ia,  ft«a  A  to  C  i*  ig.  1. 
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duc'iDg  tension.  Conipresaion  ia  again  de- 
noted by  a  double  line  in  botb  figures.  We 
DOW  go  to  the  point  D,  where  we  have  to 
combine  4  5  with  the  load  3  4  of  two  tons  ; 
and  to  decompose  the  resultant  into  the  di* 
rections  of  5  6  and  3  6,  We  reineinbor  that 
the  compressed  bar  4  5  presses  at  the  point 
D  in  the  direction  from  A  to  D ;  or,  in  this 
diagram  of  stresses,  in  the  direction  from  4 
to  &.  To  this  force  4  5  we  add  the  load  3 
4.  The  line  adjoining  3  5  would  give  the 
resultant  of  the  two  known  forces  acting 
upon  the  point  D,  It  is  unnecessary  to 
draw  this  line.  Wo  decompose  this  force 
with  the  given  directions  by  drawing  through 
the  end  and  points  S  and  5  two  lines  paral- 
lel to  our  two  bars  5  0  and  6  3  in  fig.  1* 
Let  3  6  and  5  6  be  these  lines,  which  inter- 
sect at  6*  Then  3  6  in  fig.  2  is  the  stress 
acting  on  the  bar  3  6  in  fig.  1  ;  and  5  6  that 
acting  upon  the  bars  5  G.  To  find  the  direc- 
tion of  these  forces  we  follow  round  ,the  po- 
lygon 3  4  5  <>  in  the  direction  determined 
by  the  known  forces  3  4  and  4  and  5,  which 
are,  as  required,  placed  together  in  such 
wise  that  they  travel  the  same  direction  by 
passing  along  these  lines  from  3  over  4  to  5. 
Proceeding,  we  pass  from  5  to  6,  and  from 
6  to  3.  Hence  the  force  5  6  has  in  fig,  1 
the  direction  G  to  D,  It  presses  against  the 
point  D|  and  has,  therefore,  to  sustain  com- 
pression ;  and  3  6  Ims  likewise  compression. 
VVe  next  come  to  the  point  G»  where  5  0 
and  5  6  act  as  known  stresses.  They  are 
tepresented  in  the  diagram  of  stresses  by 
the  lines  having  the  same  figures  and  placed 
in  the  same  way  as  they  point  in  the  direc- 
tion 0  5  6,  Drawing  through  the  end  points 
fi  and  0  lines  parallel  to  the  bars  6  7  and  7 
0,  we  get  the  lines  6  7  and  7  0  as  stresses  in 
these  two  bars.  They  act  in  the  direction 
from  7  to  6  and  from  0  to  7 ;  or  in  fig»  1  in 
the  direction  from  G  to  E  and  from  G  to  H, 
as  we  follow  round  the  tines  in  the  direction 

6  5  0  7  l>  (J.  Hence  both  bars  are  undergo- 
ing tension.  In  this  case,  the  lineO  7  coin- 
cides in  direction  with  0  5,  but  by  our  pre- 
bcat  mode  of  notation  an  ambiguity  is  im- 
possible. We  thus  continue,  necessarily 
taking  the  points  E  H  F  J.  Drawing  froru 
each  point  the  corresponding  lines  in  the 
diagram  of  stresses  we  obtuin  fig.  2. 

This  diagram  determines  all  the  stresses. 
Measuring  all  the  lines  with  the  same  scale 
by  which  the  first  line  0  4  is  made  equal  to 

7  tons,  we  obtain  the  stresses  directly.  Only 
the  stress  10  11  in  the  center  tie-rod  is  not 
given  at  its  proper  amount.     The  line  given 


in  the  diagram  represents  the  tension  dttmi 
to  only  one«half  of  the  rafter ;  but  aa  ^\k 
bar  belongs  equally  to  the  second  half,  llui 
stress,  aa  taken  from  the«  diagram,  ia  10  be 
doubled. 

Here,  as  in  the  ease  of  a  Warren  ginier^ 
we  have  determined  all  stresses  bj  eapras* 
iug  for  each  connecting  point  that  th<!  lonso 
acting  upon  that  point  are  in  eqailibrnta. 
We  began  at  one  of  the  supports  and  m^ 
oecded  by  taking  the  other  cotiDectiiigpoiBll| 
in  their  natural  order  till  all  the  aur< 
were  found.  This  process  is  alwajt 
ble,  unless  it  should  happen  th:^t  th«8e 
are  unknown  at  one  point.  This  u  DOl 
case  with  the  rafter,  fig.  3,  which  illastralei 
a  form  of  roofing  much  used  in  Frauee  and 
Belgium,  and  known  in  England  uitd«r  tho 
name  of  the  French  roof.  A  diagram  as 
simple  as  that  in  the  former  case  eliablci 
one  to  determine  all  the  stresses. 

We  again  suppose  the  rafter,  fijj,  S,  to  bt; 
loaded  at  the  connccttug  points  F  G  H  C, 
BO  on  for  the  other  half,  and  witb  wnial 
weights — say  2  tons  at  each  point,  ifci 
whole  load  will  be  14  tons,  half  of  whieh 
comes  upon  each  support.  This  load  of  7 
tons  we  represent  by  the  vertical  line  0  4 
in  fig.  4,  and  divide  it  at  the  points  1  t?  3 
in  such  wise  that  4  3,  3  2,  2  1,  each  repns 
sent  2  tons,  corresponding  to  the  laadi  at 
the  points  F  G  H.  The  remaining  part  I 
0  is  then  equal  to  half  the  load  at  C. 
Through  the  points  4  3  2  1  draw  lines  par* 
allel  to  the  top  beam  A  C,  and  through  0 
draw  a  line  0  5  parallel  to  the  bottom 
A  D,  which  cuts  the  lowest  of  the  fonserl 
lines  at  5.  Through  this  point  5  dinw  a 
line  5  10  parallel  to  the  stmta  5  6,  7  8» 
9,  10,  or  at  right  angles  to  4  5.  Thi»  Ihie 
determines  the  points  6  9  10,  and  the  forvee 
in  the  tup  beam  by  the  lines  4  5,  3  6,  2  9 
and  1  10.  Lines  drawn  through  0  and  10 
parallel  to  D  E  and  D  C  meet  at  11,  and 
determine  the  stresses  0  11  in  the  great  lie 
rod  D  E,  and  in  the  bar  10  11.  To  com- 
plete the  diagram  tt  only  remaina  to  draw 
9  8  and  6  7  parallel  to  the  correeponditif 
bars  in  the  elevation,  fig.  3,  and  to  join  19. 
Having  done  this,  all  stresses  are  determio* 
ed,  and  the  figures  at  once  show  which  line 
in  the  diagram  represents  the  stresa  tD  atty 
bar  in  fig,  3.  Double  lines  represent  eom* 
pression,  and  single  lines  tension. 

The  eorreotnCBs  of  this  diagram  has  now 

to  be  proved.     Beginning,  aa  before,  at  the 

support  A  we  easily  see  that  4  b  and  0  5 

I  are  the  two  forces.     Knowing  tkeae^  we  de* 
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teniine  Hkt  next  ones,  which  meet  at  the 
pMiiis  P  and  J.  Here  we  stop ;  for  if  we 
wooeed  to  the  iK)iiit  G  the  three  forces  7  8, 
o  9  and  9  2,  are  unknown;  and  if  we  try  to 
take  the  point  D  first,  then  again  three 
fbreea  have  to  bo  determined,  namely,  7  8, 
8  11  and  11  0.  The  diagram  is,  indeed, 
fMmd  by  a  somewhat  differing  method ;  but 
it  being  oooe  given  it  is  easy  to  be  seen 
that  it  most  be  correct,  for  it  rives  stresses 
which  are  in  equilibrium  at  each  connecting 
point.  The  fbreea,  fbr  instance,  acting  up- 
«B  tkt  point  G  are  given  bv  the  figures 
^aeed  ronnd  G,  namely,  by  8  6  7  8  9  2  8. 
neae  fgures,  in  fig.  4,  are  the  angular 
I  of  a  polygon  ^  forces,  and,  as  this  is 
we  have  equilibrium  at  G.  Simi- 
lariy  for  all  other  points.  By  following 
■ueh  a  polygon  round  in  the  direction  deter- 
Biaed  by  any  of  its  forces,  we  further 
ascertain  which  bars  underffo  compression 
and  which  have  tension,  in  the  polygon 
for  the  point  G,  for  instance,  the  load  G  or 
2  3  acta  in  fie.  4  in  the  known  direction 
from  2  to  3.  Hence,  following  round  in  the 
direction  2  3  6  7,  Ac,  we  sec  8  6  acts  from 
8  to  6,  and  parallel  in  the  elevation,  or  to- 
wards the  point  G.  Thus  8  6  undergoes 
eonpression.  and  so  on  for  the  others. 

Tneae  diagrams  show  very  strikingly  how 
the  stresses  alter  with  the  inclinations  of  the 
top  and  bottom  beams.  Suppose,  for  in- 
stance, we  make  the  top  beam  m  fig.  1  more 
inclined,  then  the  line  4  5  in  the  diagram 
of  forces  will  turn  round  the  point  towards 
the  line  4  0.  The  point  5  then  moves 
towards  0  in  0  5,  whereby  the  lines  4  5 
and  5  U  are  rapidlv  shortened;  and  simi- 
larly with  all  the  other  lines  in  the  diagram. 
Hence  all  the  forces  decrease  by  giving  the 
top  beam  a  greater  incline,  or  by  increasing 
the  depths  of  the  rafter. 

The  above  is  from  the  "  Building  News.'* 


treated  by  James  H. 
'  Engineering,"  under 


The  same  subject  is 
Cotterill,  M.  A.,  in 
the  following  title : 

On  tub  Qraphio  Gonstruotion  of 
Bending  Mombnts. — It  has  long  been 
known  that  the  ordinttes  of  a  funicular 
polygon,  corresponding  to  a  system  of  par- 
allel forces  in  one  plane,  represent  the 
bending  moments  produced  on  a  beam  by 
the  action  of  those  forces ;  at  least,  such  a 
principle  has  been  employed  in  special 
problems,  though,  perhaps,  never  distinctly 
laid  down  as  a  general  property  of  tibe 
funicular  polygon.  For  instance,  it  must 
have  struck  every  one  who  has  considered 
this  subject  that  the  curve  representing  the 
bending  moment  at  any  point  of  an  uni- 
formly loaded  beam  is  identical  with  the 
curve  in  which  a  chain  hangs  under  a  load, 
which,  like  that  of  a  suspension  bridge  plat- 
form, is  uniformly  distributed  horiiontally. 
Also,  it  is  not  difficult  to  perceive  that  the 
multiplier  by  which  the  numerical  value  of 
the  bending  moment  is  obtained  is  the  hori- 
i(»ntal  tension  of  the  supposed  suspension 
chain. 

The  remarkable  construction  now  to  be 
explained  is  founded  on  this  property  of  the 
funicular  polygon,  and,  as  it  appears  to  be 
very  little  known,  I  have  thought  that  a 
short  notice  might  interest  the  readers  of 
this  journal.  It  is,  so  far  as  I  know,  due 
to  Prof.  Culman,  of  Zurich ;  and  I  am  ac- 
quainted with  but  one  other  writer  who 
uses  it,  namely.  Prof.  Reuleauz,  in  his 
valuable  work  **  Der  Gonstructeur  "  (Note  1). 

In  Culman 's  work  (Note  2)  the  properties 
of  the  funicular  polygon  are  very  thoroughly 
investigated,  and  a  whole  system  of  applied 
mechanics  founded  thereon ;  but  the  con- 
struction for  bending  moments,  which  ap- 
pear to  me  to  be  of  considerable  value,  may 
shortly  be  demonstrated  thus :  '*  Take,  for 
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example,  a  beam,  H  K,  supported  at  H  K, 
and  loaded  with  weights,  W„  W,,  W, ;  it  is 
required  to  find  the  supporting  forces,  P  Q, 
and  the  bending  moment  at  any  section,  X 
(Pig.  2). 

Sot  off  on  a  vertical  line,  ah^  bc^  cd,  to 
represent  the  weights,  W,  W,  W,,  respect- 
ively on  any  convenient  scale  (henceforward 
called  the  scale  of  tons.)     (Fig.  1.) 

Join  ff,  bj  c,  </,  to  any  convenient  pole,  0, 
thus  forming  a  figure  which  may  be  called 
the  diagram  of  forces,  and  draw  the  polygon, 
Aq  Aj  a,  a,  A^,  with  sides  parallel  to  Oa  06 
Oc  Orf,  and  corners  vertically  below  the  sup- 
porting forces,  P  Q,  and  the  load,  W,  W, 
W  ;  then  A,  A,  A,  A,  A^  is  the  form  in 
which  a  rope  would  hang  if  fixed  at  A^  A^, 
and  loaded  with  W,  W  W,,  for  the  sides 
of  the  triangles,  Oab  06c  Ocd^  are  par^ 
allcl  to  the  forces  which  act  at  the  points 
A,  A,  A^,  respectively.  Suppose  now  A,  A^ 
to  be  joined,  and  instead  of  A.  A^  being 
fixed  points,  let  the  side,  A^  A^,  be  a  solid 
bar,  and  the  closed  funicular  polygon  thus 
formed  be  suspended  by  strings  from  the 
points  of  support  of  the  beam.  Then  evi- 
dently the  tensions  of  those  strings  are  P  Q ; 
thus  P  Q  are  immediately  got  lE>y  drawing 
0  7  parallel  to  the  closing  side.  A,  A^,  in 
the  diagram  of  forces ;  for,  from  the  equilib- 
rium of  the  points,  A^  A,,  represented  by 
the  triangles,  O  a  z  O  </  2 ;  za  represents  P, 
and  ?  d  ropn'sents  Q. 

Again,  to  find  the  bending  moment  at  any 


polar  distance  0  it,  in  the  diagimm  of  i 
acting  at  an  arm  equal  to  the  lengtli  cf  the 
intercept,  D  £,  between  two  si&s  of  the 
polygon.  The  rule,  therefore,  is,  Biiemi 
the  polar  distance  on  the  scale  of  (eat,  ni 
the  intercept  on  the  scale  of  feet ;  tlica  iht 
product  is  the  bending  moment  in  foot  tni. 
This  result  may  also  be  obtained  by  est- 
sidering  A^  A,  A,  A,  A^  as  a  girder,  mL 
applying  the  method  of  seetions. 

The  construction  here  proved  for  thne 
weights  can  evidently  be  extended  to  uj 
number;  its  advantage  consists  mainly  ii 
the  fact  that  the  position  of  the  pole,  O,  ii 
the  diagram  of  forces  is  entirely  arbitnij, 
and  can,  therefore,  be  assumed  so  as  to  itl- 
isfy  any  convenient  conditions.  S^moie 
we  require  the  stress  on  eaoh  bar  of  a  Mlf 
lattice  girder  loaded  in  any  way,  it  will  be 
convenient  to  choose  a  polar  distanee  m- 
merically  equal  to  die  depth  of  the  girder, 
for  then  the  intercepts  corresponding  to  any 
point  read  off  on  the  scale  of  feet  will  be  the 
stress  on  the  opposite  bars  in  tons. 

Or  again  we  make  the  polar  distance  10, 
then  the  intercept  corresponding  to  any 
point  read  off  on  a  decimal  scale,  with  the 
decimal  point  moved  one  place  to  the  right, 
is  the  numerical  value  of  the  bending  mo- 
ment. Thus  a  series  of  bending  moments 
are  obtained  much  more  quickly  than  by  any 
calculation  method. 

The  construction  will  also  be  found  of 

considerable  value  in  estimating  the  effeot 

section,  X,  of  the  beam,  drawing  the  vcrti-  of  a  partial  load  on  a  girder;  an  example 

csl   through    X,  cutting  the   sides   of  the  t  will  show  what  is  meant.     Let  the  beam  H 


polygon  on  the  sides  priniuced,  in  D  E  F 
G  ;'  i^so  draw  A,  N  horisontal  to  meet  this 
vertical  in  N,  and  in  the  diagram  of  forces, 
0  f),  perpendicular  to  a  6  r  </. 
Then  by  similar  triangles 


K  be  uniformly  loaded  between  A  and  B ; 
then  to  find  the  bending  moment  at  any 
point  we  have  only  to  draw  the  parabola  k 
a  b  k^  which  would  represent  it  if  the  beam 
were  completely  loaded,  and  at  points  in  the 
parabola  corresponding  to  a  6,  draw  tai^ 
gent«  cutting  the  verticals  through  H  K  in 
hi:  then  h   l\  b  a  \s  the  polygon  for  the 
'psrtial  load,  the  multiplier  being  the  same 
'  as  for  the  complete  load.     (Fig  3.) 
Where  n  is  the  horiiontal  tension   in  the!     The  form  which  the  construction  assumsi, 
funicuLtr  polygon  roprcsontcd  in   the  dia- "  when  one  or  more  of  the  weights  is  outside 
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gram  of  forces  by  the  polar  distance.  O  w. 
.-.  11.  F  G=W,  .A,  X=:momcnt  of  W, 
about  X. 
So  in  like  manner 

H,  F  K=momcnt  of  W,  aK^ut  X. 

and  H,  r.  l>=    "         r      -   •• 

therefore  U.  P  F.=^bending  moment  at  X, 
Thus  the  bending  momont  at  sny  point.  X 


the  piMntii  of  support,  is  interesting.  In 
this  case  the  closing  side  of  the  polygon 

'  usually  intersects  two  or  more  of  the  remain- 
ing sides;  the  corresponding  points  in  the 
beam   are   point*   of  contrary  fleznre,  and 

i  converse    ^  if  their  position  is  known  the 

j  polygon  of  moments  is  at  once  determined. 
For  example,  let  U  K  be  fixed  at  H,  sup- 

'pi^rtcd  at  K.  and  uniformly  loaded;  assum- 


cf  the  beam  is  the  force  represented  by  the  |  ing  the  point  of  contrary  fieznre,  F,  we  find 
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tlie  corresponding  point, /*,  in  the  parabola, 
tlien  hfr  i»  the  closing  line,  and  hfhkfr 
IB  tbe  poljeon  of  moments. 

It  nay  be  added  in  conclnBion  that  the 
sbearing  force  at  any  point  of  a  beam  is 
known  at  onoe  from  the  diagram  of  forces, 
tbofl  in  the  case  of  the  beam  first  consider- 
ed, the  shearing  force  is  z  a  between  P  and 
W, ,,  z  6  between  W,  and  W,,  z  c  between 
W,  and  W,,  z  d  between  W,  and  Q ;  this 
enables  the  stress  on  the  diagonals  of  a  half 
luttioe  girder  to  be  obtained  from  the  dia- 
graB  of  forces  by  drawing  parallels  to  meet 
a  horijontal  throngh  2. 

Royol  School  of  Naval  Architecture,  Be- 
ctwiotr^  loOo. 

Notes. — 1.  ZVr  Contdructenr.  Van  F. 
Rcnleanz,  Braunschweig,  1865.  2.  Die 
grmphische  Statik,  Leipzig,  1864. 


RAILWAY  STATION  ARCHITECTURE. 

THE     LONDON    STATIONS — REQUIREMENTS 
TUE  ST.  PANCRAS  STATION. 

The  requirements  of  station  architecture 
are  discussed  at  length  by  the  ''Building 
News,'*  from  which  we  compile  the  following 
fwc*ji  and  conclusions.  The  light  and  elegant 
Moorish  style  is  conrndercd  peculiarly  adapt- 
ed to  iron  construction,  and  hence  to  sta- 
tion architecture.  The  classical  orders  are 
exclusively  for  stone.  Even  the  slender 
rVirinthian  or  Ionic  shaft,  in  iron,  is  mani- 
festly a  sham,  and  our  common  sense  rebels 
against  it.  How,  then,  is  it  with  the  stout 
Doric  column  with  its  massive  capital  ? 

The  Great  Western  station  at  Padding- 
ton  is  cited  as  at  once  elegant  and  suitable. 
It  is  in  three  spans,  crossed  by  two  tran- 
Hepts,  an  arrangement  which  gives  it  intri- 
cacy and  picturesquencHR,  and  conveys  an 
idea  of  something  approaching  to  comfort, 
if  such  a  thing  can  possibly  exist  in  connec- 
tion with  a  railway  terminus.  The  girders 
are  pierced  in  the  web  with  various  devices  ; 
the  columns  are  light  and  of  Moorish  char- 
acter, and  the  whole  is  airy  and  elegant. 
The  supports  to  the  roof  are  in  the  way  of 
nobody,  the  ventilation  is  perfect,  and  the 
roof  is  so  low  that  it  does  not  obtrude  itself 
upon  the  neighborhood  ;  if  it  did  it  would 
not  be  an  offensive  object.  While  Pad- 
dington  terminus  exists  let  no  one  say  that 
■uy  other  must  be  either  huge  or  hideous. 

The  Charing  Cross  (single  span)  is 
one  of  the  monstrosities  which  it  seems  to 
be  nobody's  butinoM  to  interfere  with  while 


in  progress,  and  everybody's  duty  to  con- 
demn when  completed.  It  is  very  long, 
very  wide,  very  high,  and  very  hideous. 
The  walls  afford  capital  accommodation  for 
advertising  boards,  and  this  is  the  utmost 
that  can  be  said  in  its  praise.  Were  the 
walls  lower  and  the  roof  a  complete  semi- 
circle it  would  have  been  less  offensive.  It 
is,  indeed,  rivalled  by  the  Cannon  Street 
station,  and  it  is  difficult  to  award  the 
palm  of  supreme  ugliness  to  either  without 
doing  wrong  to  both.  The  large  span  is 
not  justified  by  the  plea  of  freedom  from 
obstruction  as  to  columns  for  support  of 
two  or  more  smaller  spans,  inasmuch  as  the 
platforms  are  both  here  and  at  Cannon 
street  encumbered  with  lampposts,  which 
are  to  all  intents  and  purposes  as  much  in 
the  way  as  a  column  to  support  a  girder. 
Neither  is  it  justified  on  the  score  of  su- 
perior ventilation. 

The  Southwestern  station  is  in  three 
spans  similar  to  those  at  Paddington,  and 
the  lamps  are  suspended,  not  set  upon 
standards.  There  is  no  pretension  to 
elegance  or  ornament,  but  it  accommodates 
its  traffic,  is  well  ventilated,  and  does  not 
offend  the  eye. 

Other  stations  in  London  are  mentioned, 
and  the  cheapness  and  suitableness  of  sev- 
eral low  spans,  rather  than  one  immense 
span  is  advocated.  Columns  are  not  ob- 
jected to.  They  separate  people  into  two 
lines  and  prevent  jostling ;  they  form  spots 
where  people  can  harbor  and  exchange  a 
few  words  without  being  elbowed,  and  where 
a  bag  or  parcel  can  be  temporarily  deposited 
with  less  risk  than  on  the  open  platform. 

The  King's  Cross  station  exhibits  the 
failure  of  a  too  readily  adopted  constructive 
principle.  For  a  lon^  time  the  circulai 
ribs,  built  up  in  the  laminated  method,  and 
con.sisting  of  five  two-inch  planks  bolted 
together,  have  boen  losing  their  shape  ;  they 
have  sunk  at  the  crown  of  the  arch,  and  are 
undergoing  repairs.  It  is  probable  that  they 
will  have  to  be  replaced  with  iron. 

The  St,  Pancras  Station. — The 
construotion  of  the  new  station  of.  the 
Midland  Railway  is  pronounced  excellent. 
This  immense  work,  recently  completed,  ha^ 
been  the  subject  of  various  essays  aqd  illus- 
trations in  the  London  press  during  the  past 
year.  The  following  graphic  dcsoription  ih 
from  the  *  •'Railway  News."  This  building  has 
the  largest  continuous  roof  of  any  building 
in  the  world.  It  is  690  feet  long,  and  240 
feet  vide.    Bare  figures,  howj^xer,  fail  to  . 
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coDvey  sucb  an  idon  of  the  etrucmre  a-  nmy 
bo  aflbrded  bycompttrinon  with  olhcrh  fami- 
liar to  our  readers.  The  Central  Transept 
of  the  rryatal  Palace  b  l2U  feet  wide,  or 
exactly  half  the  width,  and  384  feet  luug, 
ir  rather  more  ihau  half  the  length  of  the 
Midland  station.  The  dome  of  8t.  Faiirs 
19  lOU  feet  in  dianieter;  two  and  a  half  of 
these  domes  might  be  brouglit  into  the  sta- 
tion if  it  were  250  instead  of  240  feet  wide. 
ChariDg  <  rosB  station  is  168  feet,  Cannon 
street  188  feet  wide;  the  Midland  is  *-i4y 
feet  in  width,  or  nearly  half  as  wide  again 
as  the  roof  of  Charing  Cra-ig. 

There  18,  too,  this  great  feature  in  the 
Midland  that  di^-itinguj^he!*  it  from  all  other 
stations  and  build iugs  of  it8  ts\nm,  'J' here  is 
no  netwfirk  of  girder.H  tior  of  rods  iiUer-sect* 
ing  each  other  at  every  anirle,  creating  a 
maze  of  intricate  irun-wcnk,  and  detracting 
frona  the  general  effect  of  the  bold  outline 
which  would  otherwi.se  be  presented,  Enor- 
roons  iron  ribs,  in  shape  Bomethinp  like  the 
monster  jaw-bones  of  whales,  and  26  in  num- 
ber, start  from  the  ground  on  each  side,  and 
meet  in  the  centre  at  an  elevation  of  nu^re 
than  100  feet  above  the  fi^»or  of  the  f*iatiuiL 
Iron  plates,  secured  by  millions  of  rivets, 
build  up  these  ribs,  until  each  of  thcin  weighs 
something  like  50  tons,  and  if  bent  straight 
would  be  400  feet  in  length,  or  ncsirly  the 
height  of  St.  PauVs  Cross  from  the  ground! 
To  prevent  the  feet  of  those  ribt*  from  tstart- 
ing  outward  there  are  fifty  huge  girders 
resting  upon  1,100  iron  columns,  more  than 
a  foot  in  diameter,  and  which,  like  the  airing 
of  the  bow,  keep  the  frame-work  rigid  and 
immovable.  To  make  these  binders  still 
more  secure,  there  are  2,*HHhjther  iron  gird- 
ers, which  cro^s  and  re  eras  h,  and  form  a 
network  of  iron  bracing.  All  this  in  below 
the  floor  of  the  station,  and  it  supports  the 
roof  of  four  and  a  half  acres  of  cellars  under- 
neath the  station. 

This  large  area  under  the  station  is  to  be 
used  for  the  storage  of  beer  and  merchandise, 
and  contains  fifteen  ranges  of  cast-iron  col- 
umns. There  are  forty-six  columns  in  each 
range,  or  six  hundred  and  ninety  in  alb 
They  stand  at  about  fourteen  feet  six  inches 
apart.  These  columns,  and  the  piers  upon 
wbieh  the  principals  rest,  have  all  their 
foundatiaQs  upon  the  London  clay.  Over 
the  clay  is  spread  a  floor  of  concrete  seven 
feci  thick,  and  upon  that  a  broad  sill-plate, 
upon  which  the  columns  are  set.  The  spaces 
beiween  the  intersections  of  the  girders  are 
covered  with  Mallet's  buckle-plates,  and  a 


surface  is  thut*  provided  strong  «Q9Qf1i  l^ 
beur,  without  deflection  or  ropturr«  tij 
weight  that  may  be  brought  upon  iu  III 
addition  to  the  binding  by  the  girder*,  thi 
f  et  of  the  principals  are  turthvT  aeeured  by 
a  pair  of  bolts  24  feet  long  and  four  iiich«g 
in  diameter,  which  pass  down  througb  ibt 
piers,  and  are  fastened  to  the  auchur-pUlt 
below  by  nuts  wix  inches  df?cp  These  iaii- 
sible  bindings  of  enormous  strength,  art 
important  contributories  to  the  Ughta«ii 
and  elegance  of  the  great  arcb.  Along  ths 
sides  of  the  station,  and  outwards  to  t^ 
streets,  ranges  ot  arched  spaces  are  built«U» 
he  let  as  shops  and  places  of  business.  Thsb 
fronts,  in  the  Gothic  order,  and  which  reach 
to  about  the  height  of  the  station  platform. 
add  greatly  to  the  effectiveness  of  the  iia* 
mense  structure  by  their  quiet  eDrichTnents, 
and  by  dividing  the  vast  surface  of  dead  wall 
that  would  otherwise  have  been  preseiit^. 

The  walls  of  the  station,  unlike  those  of 
Charing  Cross  and  Cannon  street  stations, 
perform  no  part  in  sustaining  the  roof  of  tbs 
building ;  this  work  being  thrown,  as  we 
have  exidiiined,  entirely  upon  the  iron  rib^ 
which  spring  from  the  ground  floor*  Tbs 
walls  are  picked  out  with  white  stone;  i 
tesa elated  fricEe  of  handsome  oesign,  inlaid 
with  colored  tiles,  forms  an  agreeable  orna- 
ment, the  moulding  above  which  is  bta* 
mounted  by  an  iron  cresting  of  floral  design, 
the  leaves  curling  inwards  from  the  eoroice. 
Recessed  pointed  arches  and  small  quatre- 
foil  windows  at  intervals  in  the  side  walls 
complete  the  architectural  effect  as  viewed 
from  the  interior,  which  presents  a  ligbt  aad 
agreeable  appearance. 

The  construction  of  this  gigantic  roof  lli^ 
cessarily  involved  great  difficulties*  Ati 
enormous  traveling  stage;  similar  to  that 
used  for  the  domes  of  the  Eihibitiou  build* 
ing  of  1862,  was  built  up.  Tbia  stage  is 
100  feet  in  length,  width  240  feet,  depth  90 
feet;  it  contains  more  than  eight  milf«  in 
length  of  solid  timber,  and  weighs  over  1,300 
tons.  The  huge  mass  rests  upon  small 
wheels,  and  may  be  moved  about  oa  its 
tramway  as  desired,  by  levers*  Smcb  is  thf 
extent  of  the  work  that  there  were  employrf 
upon  the  station  for  the  greater  part  of  tbt 
time  0,000  men^  1 ,000  horses,  and  lOU  steam 
lifts  of  various  kinds. 

In  the  designing,  as  in  the  carrying  out 
of  this  noble  station  and  approaches,  51  r. 
W.  H.  Barlow  has  completed  a  work  which 
will  deservedly  place  his  name  among  those 
of  the  most  eminent  of  hb  profession.     Tht 
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external  architecture  is  the  design  of  Mr. 
Gilbert  Scott.  The  detail  drawings  of  the 
iron  work  were  famiHhed  by  Mr.  Ordish, 
md  the  work  was  supplied  by  the  Butterly 
Iron  Company. 


GIGANTIC  Water  Works. — A  manufac- 
turer of  Lyons  proposes  to  supply  that 
town  with  an  amount  of  water  which  no  city 
in  the  world  possesses.  His  plan  is  to  draw 
fhim  the  Lake  of  Geneva  ten  tons  of  water 

Ser  second,  or  864,000  tons  in  twenty-four 
ours.  The  population  of  Lyons  being  330,- 
OlH)  souls,  this  would  give  each  2,618  litres 
of  water  per  diem.  Rome,  the  best  Hupplied 
city  in  the  world,  has  1,500  litres  per  head 
per  diem,  New  York  668,  Marseilles  470, 
b(*rdeaux  and  Paris  each  170,  London  110, 
Brus>k;U  80,  Geneva  74,  and  Lyons,  at  pres- 
ent, only  60  litres.  The  proposed  canal  or 
conduit  would  be  divided  into  three  sec- 
tions :  (1)  An  open  canal  55  miles  long, 
having;  a  water  section  21ft.  .wide,  and 
about  four  ft.  deep ;  (2)  a  covered  conduit  in 
maMinry,  31  miles  long;  and  (3)  nearly 
eight  miles  of  syphons  for  the  crossings  of 
the  valleys. — The  Engineer. 


(•ooD  Marine  Kngineering. — The 
I  British  iron-clad  Hercules,  325  feet 
lozic.  •'>•*  feet  wide,  and  of  8,600  tons  dis- 
pljooiiiont,  recently  steamed  14.7  knots,  or 
owT  17  miles  per  hour,  while  drawing  23 
foet  forward  and  26^  feet  aft,  and  developing 
8,.'>2>  horse  power.  The  remarkable  feature 
i£  that  the  engines  complete  and  boilers  with 
water  weigh  but  1,095  tons,  or  2^  hundred 
wtight,  per  horse  power. 


MORTON'S  EJECTOR-COXDENSER. 

Compiled  from  Prof.  RankiBC'i  paper  before  the 
Inttitation  of  Engineer*  in  Scotland,  and  the  lub- 
f<rquent  diteat*ion,  and  from  artielet  in  '*  Engi- 
neering." 

i}ne  of  the  most  remarkable  devices  eon- 
norted  with  the  steam  engine,  that  has  ap- 
peart-d  since  the  Giffard  injector,  is  the 
condcni^ing  apparatus  described  in  this  arti- 
cle. Indeed,  Professor  Rankine  pronounces 
it  the  most  important  improvement  made  in 
the  steam  engine,  since  the  days  of  Watt. 
Itri  action  is  briefly  this :  While  in  the  ordi- 
nary condenser,  the  force  of  the  steam  and 
water  nishing  in  are  entirely  wasted,  and 
reqaire  m  pressure  of   0.6   lb.  per  square 


inch  on  the  steam  piston  to  pump  them  out 
and  maintain  a  vacuum,  the  Morton  conden- 
ser utilizes  the  force  of  the  steam  and  water 
entering  it,  and  dispenses  with  the  air  pump. 
The  exhaust  steam  and  the  condensing  water 
simply  rush  into  a  sort  of  Oiffard  injector, 
and  instantly  come  out  of  it  in  the  form  of 
hot  water  (and  the  contained  air)  without 
other  assistance. 

The  experiments  described  were  made  at 
the  request  of  Messrs.  Neilson  Brothers. 
The  ejector-condenser,  invented  by  Mr. 
Alexander  Morton,  was  applied  to  a  pair  of 
vertical  inverted  direct-acting  steam  engines, 
which  exerted  collectively  a  power  averag* 
ing  about  24  indicated  horse  power.  The 
nominal  power  of  these  engines  is  collective- 
ly seven  horse  power,  if  we  apply  the  ordi- 
nary rule  for  low  pressure  engines,  or  fifteen 
horse  power  if  we  apply  the  ordinary  rule 
for  high  pressure  engines.  The  dimensions 
of  the  engines  and  of  the  condensing  appara- 
tus, and  the  results  of  the  experiments,  are 
given  in  detail  in  the  annexed  table ;  but  as 
regards  the  engines  it  may  be  convenient  to 
state  here  that  their  two  cylinders  were  of 
eighteen-inch  stroke,  and  about  ten  and  a 
quarter  inch  dianu'ter,  that  they  ran  at  from 
93  to  140  revolutions  per  minute,  and  that 
the  steam  pressure  gauge  indicated  from  30 
pounds  to  40  pounds  on  the  square  inch 
above  the  atmospheric  pressure,  which  at  the 
time  was  14.75  pounds  on  the  square  inch. 
It  may  be  remarked  that  the  experiments 
throw  light  on  other  questions  besides  the 
efficiency  of  the  new  condenser ;  and  in  par- 
ticular, that  the  accurate  measurement  of 
of  the  quantity  of  condensation  water,  and 
of  its  change  of  temperature,  affords  the 
means  of  calculating  the  total  expenditure 
of  steam,  and  comparing  it  with  the  <(uantity 
of  steam  eflfectively  used  in  doing  work,  as 
indicated  by  the  diagrams.  The  circum- 
stances under  which  the  experiments  were 
made  were,  to  a  certain  extent  unfavorable 
to  the  apparatus,  for  the  pipe  which  supplied 
the  tank  from  which  the  cold  water  was 
drawn  for  condensing  the  steam  was  of  too 
small  diameter,  and  the  engines  had  from 
time  to  time  to  be  stopped  in  order  that  the 
tank  might  be  refilled. 

Principle  op  Action. — The  principle  of 
the  invention  may  be  described  as  follows : 
In  every  injection  condenser  the  cold  water 
rushes  into  the  vacuum  with  a  velocity  of  43 
feet  or  44  feet  per  second  or  thereabouts. 
The  exhaust  steam  rushes  from  the  cylinders 
into  the  condenser  with  a  velocity  which  is 


many  times  greuter  th&n  that  of  tlie  wi&ter. 
Id  the  commou  cotidenscr  these  rapid  mo- 
tions of  tbti  water  uud  of  the  steam  are  com- 
plctely  checked,  and  their  energy  ia  wasted 
ID  agitating  the  fluids  in  the  condenser,  and 
ultimately  in  producing  heat,  aDd  hence  it 
becomes  necessary  to  use  an  air  pump  in 
order  to  extract  the  Wiiter,  air  and  uiii^on- 
densed  steaiu  from  the  conderititsr.  The 
power  expended  in  working  a  well-propor- 
tioned and  well-eonstrueted  air  pump  is 
known  by  experiment  to  be  equlvulewt  to 
that  which  would  overcome  a  back  pressure 
on  the  .steam  piston  of  from  half  a  pound  to 
three-quarters  of  &  pound  on  each  scjuare 
inch  r>f  its  area,  or,  on  an  a?erage,  about 
0.5  of  a  pound  on  the  f^quare  inch,  and  that 
amount  of  power  is  lost  through  the  waiting 
of  the  energy  with  which  the  jets  of  water 
and  steam  ru^h  into  the  condenser.  In  the 
ejcctor-condeDser  the  motion  of  those  jets 
meets  with  no  interruption,  and  its  energy 
is  found  to  he  sufficient,  without  any  assiat- 
ance  from  pumps,  to  carry  all  the  water,  air, 
and  uncondensed  steam  (if  any)  completely 
out  of  the  condenser  and  into  the  hot  well, 
and  thus  to  save  the  power  which  would 
be  required  to  drive  an  air  pump. 

Paradoxical  as  Giffard*s  injector  appeared, 
at  first  sight,  its  action  admitted  of  perfectly 
olear  explanation.  In  a  boiler  under  pres- 
sure of  l')U  pounds  per  square  inch,  equal  to 
a  head  of  water  of  2U0  feet,  the  water  would 
rush  out  of  any  opening  with  a  velocity 
(were  there  no  friction,  atmospheric  resist- 
ance, or  loss  of  head)  of  about  121  feet 
per  second.  But  were  an  opposing  jet  to 
move  with  agreater  velocity,  it  would  drive 
back  the  escaping  steam  and  force  its  own 
way  into  the  boiler.  This  is  what  happens  in 
the  injector,  and  for  a  simple  reason.  A  jet 
of  steam  moving  with  a  veloeity  of  perhaps 
17(10  feet  per  second  is  instantly  condensed 
in  perhaps  twelve  times  its  own  weight  of 
water.  The  combined  jt.'t  will  then  move 
with  one-thirteenth  its  former  velocity,  or 
about  ISl  feet  per  second,  the  motion  of  the 
steam  being  wholly  imparted  to  the  water. 
Thus  the  jet,  properly  directed,  enters  the 
boiler.  In  3Iortou's  condenser,  the  es<MLp- 
ing  exhaust  steam,  properly  directed,  isooo* 
dented  in,  and  its  own  motion  imparted  to, 
ft  jet  of  water  prcvioui^ly  set  in  motion  by  a 
ainall  steam  jet,  and  the  experiments  appear 
to  show  conclusively  that  the  lateral  action 
of  the  jet  is  sufficient  to  draw  with  it  all  the 
ulr  that  collects  down  to  a  vacuum  of  twelve 
poitiidd  or  thirteen  pounds,  { 


Mr.  Morton's  explaDatton  of  the  aeili 
that  a  jet  of  water  in  rushing  into  I 
vacuum  has  nearly  i^ufficient  power  lo 
itself  out,  and  tbe  impuUe  of  the  cxhai 
steam  from  the  cylinders  makes  up 
energy  that  the  jet  looses  in  friction. 


Desckiption    op    Apparatcs. — 
principal  parts  of  the  condensing  apparai 
on  which  the  experiments  w<frre  matle 
be   summarily  described    fks    foUows:    1 
oold  water  passes  frotn  tbe  tank  to  a  coQoii 
i^oulo ;  the  area  of  the  orifice  of  th^X 
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18  about  equal  to  that  of  the  injeetion  alaioe 
of  a  common  condeneer  suited  for  the  same 
eagine;  that  is  to  say,  about  ^ixj  part 
of  the  ooUectWe  area  of  pistons.  Enyelop- 
iag  the  cold  water  noules  are  a  second  and 
a  third  nozile  of  nearly  similar  figure ;  these 
bring  the  exhaust  steam  from  the  two  cylin- 
ders respectively.  The  middle  noule  has 
an  orifice  a  little  larger  than  that  of  the 
innermost,  or  cold  water  noisle ;  the  outer- 
most nozsle  ends  in  a  throat  or  contracted 
Tein,  a  little  larger  still,  beyond  which  is  a 
gradually  widening  trumpet-shaped  mouth- 
piece, leading  to  a  pipe  which  ends  at  the 
hot  well.  The  oondensation  of  the  steam 
take<9  place  in  the  interval  between  the  orifice 
of  the  cold  water  noaile  and  the  throat  of 
the  outermost  nozsle. 

When  this  condenser  was  first  constructed 
there  was  no  stop-cock  for  shutting  off  the 
injection  water,  and  in  starting  the  condenser 
it  sometimes  happened  that  the  attendant 
would  shut  off  the  main  steam  valve  while 
there  was  a  vacuum  in  the  cylinders,  and 
thus  the  water  was  liable  to  get  into  them. 
The  inventor  has  now — ^that  is  since  Profes- 
sor Rankine's  experiments  were  made  upon 
the  condenser — added  a  regulating  spindle 
and  cylinder,  which  cylinder  contains  a  pis- 
ton valve  that  opens  with  a  spring  imme- 
diately that  the  perfection  of  the  vacaum  in 
the  condenser  b  interfered  with.  By  means 
of  this  central  regulating  spindle  the  injec- 
tion water  current  may  be  most  nicely  ad- 
jai*ted,  or  it  may  even  oe  out  off  instantane- 
ously, and  the  engines  can  thus  be  made  to 
vork  as  high  pressure  engines  at  pleasure ; 
indeed,  ite  action  is  so  certain  and  instan- 
taneous that  a  cylinder  foil  of  air  may  be 
completely  expelled  during  one  revolution 
of  the  engine.  When  the  engines  are  at 
work,  and  the  regulating  valve  in  action, 
th«  latter  shuts  off  the  central  steam  jet ; 
and  rshould  any  person  open  a  grease  cock, 
or  otherwise  admit  air  into  either  of  the 
cylinders  or  the  condenser,  the  loss  in  vacuum 
is  instantly  communicated  to  the  regulating 
valve  by  the  pipe.  The  action  allows  the 
valve  to  open  the  steam  jet,  and  thus  to  dis- 
place the  air. 

While  engaged  in  perfecting  this  new  in- 
vention, Mr.  Morton  experienced  the  great- 
est amount  of  difficulty  in  connection  with 
the  exact  parabolic  shape  which  the  dis- 
charge pipe  should  assume.  This  appendage 
may  be  regarded  as  the  most  important  part 
of  the  apparatus,  for  without  it  the  action  of 
the  apparatus  would  be  practically  useless 


for  a  condensing  engine,  as  the  steam  on 
leaving  the  cylinders  would  require  to  be 
much  above  atmospheric  pressure  before  any 
water  could  possibly  be  discharged.  By 
gradually  imparting  to  the  discharge  pipe 
the  trumpet-mouth  form,  shown  in  the  en- 
graving, it  was  found  possible  to  produce  a 
vacuum  of  18  lb.  per  square  inch,  with  a 
water  pressure  on  the  entering  side  of  the 
condenser  of  only  two  lb.;  while  to  produce 
a  similar  vacuum  required  a  water  pressure 
of  50  lb.  per  square  inch  if  a  vena  coniracta 
nozzle  were  substituted  for  the  trumpet- 
mouth  of  the  discharge  pipe;  or,  in  other 
words,  a  water  pressure  of  50  lb.  could  be 
reduced  to  two  lb.  by  gradually  widening 
the  mouthpiece  to  its  present  form,  while 
the  vacuum  remained  the  same,  and  this 
without  the  use  of  any  steam  in  the  experi- 
ments. Prof.  Rankine  regards  Mr.  Mor- 
ton's application  of  the  trumpet-shaped 
mouthpiece  to  the  steam  engine  as  being 
Quite  a  new  and  original  invention,  and  in- 
aeed,  as  probably  the  most  important  im- 
provement in  the  steam  engine  since  the 
time  of  James  Watt ;  and  Sir  Wm.  Thomson 
considers  the  production  of  a  vacuum  of  18 
lb.  by|the  use  of  this  appliance  as  a  most 
wonderful  result  in  a  dynamical  point  of 
view. 

The  Experiments. — Table  of  experi- 
ments made  on  the  27th  October,  1868,  on 
a  pair  of  engines  at  the  works  of  Messrs. 
Ncilson  Brothers : 
Cylinders: 

^rn'iX.'i£tf."'.T.1     80squ.«>feet. 
Stroke 1.5  foot. 

Cold  Water  Nozzle : 

Diameter  13-16 =0.8125  m. 

,  (     0.638  sq.  in. 

^^* i  =0.00443  sq.ft. 

Water  Tank : 

Area  8  ft.  X  3i  ft =28  square  feet. 

Mean  depth  of  surface  below  >     ^^  ^^ 
level  of  nozzle 5 

Waste  Water  Nozzle : 
Diameter  of  throat   15-16  in. .  .=0.9375  in. 
.          -  .,       .  $     0.690  sq.  in. 

Area  of  throat ^  =0.00479  sq.  ft. 

Diameter  of  mouth-piece 3.0  in. 

.          -         ^,     .  i     707  sq.  in. 

Area  of  mouth-piecc ^  =0.0491  sq.  ft. 

Cold  Water  Supply : 

Mean  rate  of  flow  in  cubic  ft.  \  _7ift  a  lu 

per min.,28ft.X0.41=11.48  5  -^^^^  *^- 

Do.  per  second,  0.1913 =  11.94  lb. 

Velocity  of  cold  water  through  ) 

,\,  ,  0.1913  >=  43.2 

nozzle,  ft.  per  sccond,^^^^^^  ^  y^  ^^  ^  -^^ 
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Head  due  to  that  velocity 29  ft.3=  12.57 

Add  mean  height    to  which  >      i;  oi;  —  o  971; 
water  ialiftedT. J  -  2.Z75 

Total  head 34.26  =14.845 


Temperature 47^  Palnea. 

Mean  work  per  minute  done  in  ^ 

raising  and  propdling  water  I  =24537^.01. 

jet,   exclusive   of   friction,  [  s=0.744 1.  s.  P. 

716.4X34.25 J 

Barometer:  30.05 in.  mercnrjs^HJS  lb.  on  lb 

square  inch. 


Sets  of  Ezpbrimbnts. 


Right  Hand 
Otlindbb. 


B. 


LsFT  Hakd  Ctlutdbb. 


of  diagrams < 


NOA. 

Revolutions  per  minute 

Steam  gauge  above  atmosphere. 

tho  square  inch 

Do.    do.    absolute 


Pounds  on  < 


Vacnum  gauges  below  atmosphere.*  Pounds  | 
on  tho  square  inch 

Do.    do.    absolute 

Moan  back  pressure 

Absolute  pressure  of  release 

Initial  absolute  pressure 

Mean  effective  pressure 

Mean  absolute  pressure 

TiMnporaturo  of  waste  water,  Fahrenheit . . 

Elevation  of  temperature  above  cold  water. 

Heat  carried  off  by  water.  British  units  per 
minute • 

Vel(>city  of  pistons,  feet  per  minute 

Ix>ad  of  one  piston,  lbs 

Indicatetl  work,  one  cylinder,  ft.  lb.  per  minute, 
"  "     two      "  

IndicAtc<ni.  P 

IndicatiHl  work  per  minute  reduced  to  equiva- 
lent quantity  of  heat 

Total  expenditure  of  heat,  British  units  per 
minute 

Efficiency  of  engines 

Volume  of  stoam  exhausted,  as  shown  by  indi- 
cator, in  cubic  feet  per  minute 

Volume  of  one  pound  in  cubic  feet 

Weight  of  steam  shown  by  indicator  in  pounds 
|)er  minute 

Tomwrature  of  steam  at  end  of  stroke,  Fahr. . 

Total  heat  ixjr  |>ound  of  that  steam  from  tem 
]x»rature  of  waste  water 

Heat  of  condensation  of  steam  indicated 

Heat  carrietl  off  by  waste  water  (as  before). . . 

Actual  expenditure  of  steam  in  IKs.  per  minute, 
as  calculated  from  heat  of  waste  water I 

Proportion  in  which  steam  actually  condensed^ 
exiXHHls  indicatetl  steam • 

"Work  in  fwt  innmds  i>er  minute  saved  by  dis-| 
yvnsinp  with  the  air  pump,  estimated  as  equi- 
valent to  0.6  lb.  pressure  per  square  inch  of 
steam  piston ! 

Do .  indicated  II .  P ! 


130 
34 

48.75 

12.03 

11.54 

2.72 

3.21 

4.25 

10.75 

42.75 

15.25 

19.50 

86.5*» 

39.5*^ 

28298 

390 

1220 

475800 

951600 

28 

1233 

29531 
0.042 

433 
35 

12.4 
197** 

1087 
13479 
28298 

26.0 

2.10 


37440 
1.13 


( 


2.3 
4.5 
93 
from  32 
to  38 
from  46.75 
to  52.75 
12.4 
12.1 
2.35 
2.65 
3.12 
10.80 
38.25 
14.83 
17.95 
80.5° 
33.5** 

23999 

279 

1186.4 

331006 

662012 

20 

858 

24857 
0.035 

310 
35 

8.9 
197** 

1093 

9728 

23999 

22.0 

2.47 


26784 
0.81 


6 
abt.140 


4.50 
8.75 

32.75 
9.85 

14.35 


420 

788 

330960 

661920 

20 

858 


467 
43 

10.9 
187** 


40320 
1.22 


7.8 

107 
35 


49.75 

12.3 

11.8 

2.45 

2.95 

4.38 

12.00 

42.75 

16.78 

21.16 

88.0** 

41.0** 

29372 

321 

1342.4 

430910 

861820 

26 

1116 

30488 
0.037 

357 
32 

11.2 
202? 

1086 
12163 
29372 

27.0 

2.41 


30816 
0.93 


101 
from  40 

loao 

;from  54.75 
to  44.75 


4.00 
10.50 
42.75 
15.90 
19.90 
91 .0» 
44.0» 

31522 

324 

1272 

412128 

824256 

25 

1068 

32590 
0.033 

360 
36 

10.0 
196« 

1082 
10820 
31522 

29.1 

2.91 


31104 
0.94 


•  First  rttall  ii  for  Itfl  band,  aad  iceond  rtrall  for  right  haad  eagiM. 
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Abstract  of  Principal  Mean  BesuUs. 

Mmb   powvr  ■•▼•d   by  diffMoainf  with  air 

pumpy  indicated  hone  power 1*0 

If  MB  InidieAted  horse  power  of  englDea 23.8 

Mmm  bMk  preaare  in  flinders,  lb.  oo  m^.  in.    4.05 
Menn  Tnennai  in  ayiiBders,  lb.  on  the  aq.  in.. .  10.7 
Mean  mennin  ihown  by  gnagesy  lb.  on  iq*  in.  13.0 
Mean  Taennm  ahown  by  canffea  in  inehea  of 

24.6 


Abeat  two-tbirda  of  the  indieated  power  were 
dae  to  the  Taennia  ia  the  eylindera.  deg.  F. 

T^aparatare  of  the  cold  water 47 

Maaa  teaaperatare  of  waate  water 83^ 

JCaaa  ineraaae  of  temperatare 80  j 

The     completeness     and     effieiencj     of 
tke  condensation   were   tested   by  vacuum 

Enges,  and  by  indicator  diagrams.  By 
ih  means  of  testing,  the  left-hand  cylin- 
der, which  exhausted  into  the  middle  nos- 
lle,  showed  a  rather  better  yaouum  than  the 
right-hand  cjlinder,  which  exhausted  into 
ike  outermost  noule.  The  average  results 
of  the  whole  of  the  experiments  were  as  fol- 
lows: 


vaeanBi  ahown  by  gaagea,  in  inehea  of 

taiy 24.5 

llaaa  Taeaam  ahown  by  f  aagea,  in  lb.  on  the 

aqaare  iaeh 12.0 

Maaa  Taeanm  In  eyHndert»  daring  retam 
•Crake,  aa  ahowa  by  the  indieator  diagrama ; 

lb.  OB  the  aqaare  ioeh 10.7* 

Which,  beiag  aubtraeted  from  the  atmoapherie 
pf eaaaie  at  the  time 18.76 

Laarea,  aa  the  mean  baek-preaaore  in  the  ey- 
lindera dariag  the  retorn  atroke,  in  lb.  on 
the  aqaare  iodi 4. 06 

The  back  pressure  in  different  experi- 
ments ranged  between  8  lb.  and  4.^  lb.  on 
the  square  inch.  These  results  are  at  least 
aa  good  as  the  average  results  as  to  vacuum 
and  back  pressure  obtained  by  means  of  the 
common  condenser ;  and  they  show  the  con- 
densation of  the  steam  and  expulsion  of  the 
water,  air  and  vapor,  to  be  at  least  as  com- 
plete and  efficient. 

It  is  estimated  that  the  saving  of 
power  through  the  dispensing  with  an  air 
pump  is  equivalent  to  the  doing  awav  with 
a  resistance  of  0.6  lb.  per  square  inch  area 
of  steam  pistons,  and  it  is  found  to  be,  on  an 
average  of  the  several  experiments,  just 
one  horso  power,  being  about  4  per  cent  of 
the  mean  indicated  power  of  the  engines. 
The  energy  of  the  jet  of  cold  water  is  about 
}  horse  power.  This  forms  the  greater  part 
of  the  energy  which  is  wasted  in  the  common 
condenser,  rendering  an  air  pump  necessary. 

The  temperature  of  the  cold  water  om- 
plojed  was  47^  Fahr.,  and  the  tempera- 
ture of  the  discharge  water  was  88 J^ 
In  common  condensing  engines  the  temper* 


ature  of  the  discharge  water  would  generally 
be  about  120*^  with  a  similar  vacuum,  a 
fact  which  indicates  that  the  new  condenser 
consumer  a  larger  amount  of  water  than  is 
consumed  by  the  ordinary  condensing  jet. 
This  is  admitted,  but  it  must  be  remember- 
ed that  the  latter  gives  a  much  hotter  dis- 
charge water  than  the  former.  There  is 
thb  fact,  also,  that  the  vacuum  has  recently 
been  improved  1  lb.  per  square  inch  by 
making  comparatively  trifling  alterations  in 
the  apparatus.  The  condensing  water  has 
been  experimentally  reduced  2 A  times  since 
the  experiment  described,  with  a  propor- 
tional increase  in  the  temperature  of  the 
discharge  water  and  a  loss  in  vacuum  of  1.5 
lb.  The  quantity  of  water  now  used  is 
stated  to  be  the  same  as  with  the  ordinary 
condenser. 

As  to  the  heiffht  to  which  the  discharge 
water  could  be  lifted,  Mr.  Morton  states 
that  if  the  steam  leaves  the  cylinder  at  about 
the  atmospheric  pressure,  the  water  could 
be  forced  about  15  ft.  high  ;  a  pressure  of  5 
lb.  would  force  it  20  ft.  high. 

The  abstraction  of  the  air  is  perhaps  the 
only  thing  that  is  really  puzzling  in  ^he 
matter,  unless  it  be  that  the  very  rapidity 
with  winch  the  steam  concentrates  upon  and 
within  the  passing  jet  of  water  carries  the 
air  wholly  against  or  even  into  the  jet  also. 

But  there  is  one  thing  in  the  record  of 
experiments  which  requires  some  explana- 
tion. The  units  of  heat  imparted  to  the  in- 
jection water  wore  from  2.1  to  2.9  times 
those  contained  in  the  heat  of  condensation 
of  the  steam  shown  by  the  indicator.  Not 
only  this,  but  the  steam  represented  by  the 
increase  of  temperature  imparted  to  the  in- 
jection water  amounted  to  more  than  60  lb. 
per  indicated  horse  power  per  hour.  The 
different  indicated  horse  powers  recorded, 
the  pounds  of  steam  condensed  per  minute, 
and  the  pounds  of  water  consequently  used, 
as  steam,  per  horse  power  per  hour,  were  as 
follows,  the  last  column  being  calculated  in 
* 'Engineering"  from  the  two  first:  ^ 

I.  H.  P.     Steam  oaed  per        WaUr  per 

Minote.        I.  H.  P.  per  Hoar, 

lb.  lb. 

28                      26.0  55.7 

20                     22.0  6S.0 

26                      27.0  62.3 

25                      26.1  09.8 

The  quantity  of  steam  used,  representing 
from  7  lb.  to  8  lb.  of  coal  per  indicated 
horse  power  per  hour,  appears  excessive 
when  the  good  rate  of  expansion,  good 
vacuum,  and  good  rate  of  piston  speed  are. 
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considered.  It  might  be  suspected  that, 
notwithstanding  the  assertion  that  no  Bteara 
was  used  direct  from  the  boiler  to  keep  the 
jet  in  motion,  the  little  regulating  valve 
shown  in  oar  illustration  was  open,  and  thus 
it  might  prove  that  as  much  live  steam  was 
used  to  work  the  condenner  as  to  work  the 
engines  themselves.  This,  however,  is  Dot 
said  aa  in  any  wav  conclusive^  hut  as  a  mat- 
ter requiring  explanation. 

Cost,  Economy  and  Advantaqeb, — 
As  to  cost  of  construction,  Mr.  Morton  sta- 
ted that  hif!  condenser  would  not  cost  more 
than  one- fourth  aa  much  as  the  ordinary 
coudemser  and  air  pump. 

The  conclusions  from  the  experiments  are  : 
First,  that  the  action  of  the  ejector-conden- 
ser is  at  least  as  efficient  as  that  of  the  com- 
mon condenser,  with  its  air  pump;  and, 
secondly,  that  hy  the  use  of  the  ejector-con- 
denser the  power  required  1 1  drive  the  air 
pump  is  saved.  The  construction  is  very 
simple,  it  has  no  moving  parts  which  can 
get  out  of  gear.  It  can  work  at  any  speed 
of  engine,  while  a  high  speed  of  air  pump  is 
attended  with  difficulty ;  and  it  overcomes 
the  ahjection  which  often  arises  from  plucing 
the  air  pump  horizontally.  When  the 
engines  are  stopped,  the  vacuum  may  be 
maintained  for  any  period  of  time,  by  simply 
oj>ening  the  central  starting  steam  jet,  ao  as 
to  overcome  the  friction  of  the  water  through 
the  nozzles.  The  advantage  of  having  a 
continuous  vacuum  in  maneuvering  marine 
engines  in  port  is  of  great  importance  to  the 
marine  engineer*  especially  so  in  war  vessels. 
In  order  to  maneuver  them  with  facility,  in 
action,  this  result  has  been  sought  in  naval 
Teasels  by  means  of  independent  air  pumps. 
Mr*  Morton  said  that  with  a  small  head  of 
water,  steam  could  be  wrought  down  to  the 
finest  pressures.  H  ehad  had  that  engine 
workingat  28in.  or29in.  vacuum  by  iidding  a 
head  of  water  of  a  few  feet  to  that  condenser. 

Professor  Rankine  believes  that  when  the 
Bpparatii8  gets  fair  play,  it  will  give  as  good 
results  as  the  surfiMe  condenser  ;  at  present 
the  results  are  as  good  as  those  with  the 
common  injector  condenser.  While  the 
ejeotor-eondenser  is  applioable  to  all  kinds 
of  land  engines,  it  seesms  to  be  even  more 
especially  valuable  as  an  appliance  on  board 
river  pas!:«cng«r  steamers,  in  which  reduction 
oC  weight  to  the  lowest  possible  amount  i^ 
ol  ike  rery  at  most  importance.  There  h 
this  advantage  in  applying  Morton's 
eoodensier  to  murine  engines,  that  it  may  be 
plMed  at  any  heighl  in  the  ve^»el|  Mid  oot 


necessarily  at  the  lowest  levei,  as  is  the 
usual  practice  with  the  ordinary  form  of  eoa« 
denser.  It  has  been  suggested  thai  tha 
apparatus  might  be  of  stiU  further  servioe  m 
steam  vessels  hy  ejecting  the  wattrr  in  i 
direction  opposite  to  that  in  which  the  ve^ 
is  sailing,  aud  thus  assist  in  its  propuUntti — 
acting  as  a  sort  of  Kuth van's  propeil4'r. 

The  new  condenser  cannot,  of  oauK«,pii 
distilled  water  for  the  boilers,  9a  ia  d(»D«  if 
surface  condensers*  Mr.  Mortoa  kas,  it  ti 
true,  proposed  to  cool  his  injection  water« 
originally  fresh,  by  circulating  ii  throogli  a 
re&igerator,  but  with  water  in  the  hoi  weU, 
at  a  temperature  of  only  £0^,  or  even  110^^ 
or,  still  more,  120**,  it  would  renuire  » 
refrigerator  many  times  larger  and  mora 
costly  than  a  surface  condenser  tu  eool  A 
again,  by  means  of  sea  water  at  from  b^^ 
to  70*^,  to  say  nothing  of  the  pumpa  l#» 
quired  for  circulating  the  cooling  water.* 

That  the  ejector-conde:x8cr  is  really  a  Tcty 
effectual  condenser  at  a  low  first  cost  may  m 
inferred  from  the  fact  that  the  Scotch  eoft- 
neers  have,  in  numerous  instances,  shows  an 
anxious  desire,  and  even  a  determinatioii  t9 
make  practical  use  of  the  appUanee,  It  has 
already  for  some  time  been  in  operaliou  at 
the  Lugar  Ironworks,  in  cooneetion  with  aa 
engine  that  was  made  some  twenty  years 
ago.  Messrs.  Robert  Napier  and  {kiot^ 
marine  engineers  and  shipbuilders,  GlasgoWi 
have  lately  ordered  a  pair  of  engines,  with 
Morton's  condensers  applied,  to  be  erected 
at  their  works  at  Govan.  We  understaoi 
that  Messrs.  William  Simons  and  Co.»  ship* 
builders  and  engineers,  Benfrew,  are  Imsily 
engaged  in  making  a  pair  of  twin  ocrtm 
engines  on  Morton's  principle  of  eond^Mi* 
tion  ;  and  other  marine  engineering  firms  €tt 
the  Otyde  are  framing  their  eoutrtcla  in 
accordance  with  their  intention  to  apply  th% 
eject  or- con  denser.  Some  expeiim«nt«  re^ 
centlymade  by  Mr  James  R,  Napier,  P.R, 
8,,  with  the  injection  water  heated  lo  a 
ten  perature  of  80^  Fabr.,  show  that  even 
in  warm  climates  the  new  eondeuaer  will  not 
vary  mueh  in  vacnum,  aud  that  praetioaUy 
it  will  give  a  vacuum  very  nearly  equal  lo 
that  which  is  due  to  the  temperature.  Tbe 
experiments  referred  to  were  so  aatta^ctonf 
that  Mr.  Napier  has  resolved,  we  an dentand, 
to  apply  the  Morton  condenser  to  the  enginoa 
on  the  Godavery  river  steamers,  built  by 
Mtissn.  Randolph,  Elder  and  Co.,  for  the 
Indian  Government. 

*  Ltghth»irB   rerrtg«r»tor  reqairet  no  eifaaUtiaf 
fump* — Ed*  Van  Na*trcn4**  Mugasim* 
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LXAMKATION  OF  CIVIL  EKGIKEER& 

Conptlcd  from  th«  "Bailding  Kewi." 
A  resamd  of  the  qiieBtiona  Bobtnitted  to 
e&ndidates  for  etigioeer  appointmenta  in 
bidla.  eaimot  tail  to  be  imporUiii  to  jouDg 
engtueeri,  and  is  of  intercut  to  general 
naders.  The  quefltioDs^  in  the  first  diirmioQ 
referred  to  cements,  cone- rote,  mortar,  &c. 
The  candidates  were  required  to  describe 
PortliitMl  cement,  ItJ  cliar^ctarl^ticfi,  tho  raw 
nateriab  from  which  it  is  made,  and  the  pro- 
portions used.  Also  the  mctbods  of  manu- 
fact^re  and  the  machine,  and  mode  of  test- 
ing adopted  b_f  the  engineers  of  the  Metro* 
poltian  Board  of  Works.  The  proportions 
of  sand  to  nse  for  mortar  had  to  be  stated, 
and  the  beat  quaUties  of  sand  for  cenient 
mortar  named;  dimensions  and  weight  of 
tke  largest  concrete  blocks  that  hm^e  been 
Qaed  in  harbor  works,  and  a  description  of 
ibe  means  employed  for  placing  them  m  itofu, 
ami  where  so  emplojed. 

The  examiner  strongly  recommends  a  care- 
M  sindj  of  Mr.  Henry  Reid's  hook»  lately 
pnhUshed  on  this  subject/  In  his  remarks 
on  the  writing^  of  candidates  he  advises  the 
enltiTation  by  engiaeerM  of  a  clear,  concise, 
and  Tigoroua  style  of  expression,  and  hti 
directs  their  attention  to  the  nj a sterly  reports 
and  wriiiogB  uf  biucatuo,  now  unfortuoately 
out  of  printfbut  extracts  from  which,  together 
with  tho^  of  Watt,  Telford,  the  elder  Reunie, 
Stephenson,  Brunei,  Locke,  and  others,  he 
hoped  to  see  shortly  published.  Such  a 
work,  he  thinks,  would  be  to  the  engineer 
what  the  Despatches  of  Wellington  are  to 
the  military  man. 

The  qacstioDs  of  the  second  division  relate 
to  building  materials — brick,  stone,  timber, 
&e.  Statements  were  required  of  the  can- 
didates* opinions  as  to  the  selection  of  clay 
nitaKle  for  bricks,  its  preparation  for  the 
mouldtrrs,  methods  of  moulding,  and  arrange- 
ments for  burning,  the  latter  to  be  accom- 
panied by  a  free-hand  sketch.  Candidates 
were  required  to  describe  the  different  sixes 
and  kinds  of  bricks,  to  illustrate  the  various 
bonds  employed,  and  to  explain  how  a  bond 
is  sometimes  defective  in  a  two-brick  wall. 
A  description  had  to  be  supplied  of  the  vari- 
ous kinds  of  stone  and  timber,  and  the  prin- 
cipal processes  employc«l  to  preserve  the 
Utter  from  decay  and  iron  from  corrosion. 
The  principles  of  the  artesian  well,  Norton's 


*  And  largely  complied  without  erodit  from  0«d. 
Oillmore'f  work  on  limtt  and  etm9ni*.-^Ed,  V»  JV.'t 
M4gmzin€. 


tube  pnmp,  and  Mather  and  Piatt's  appara- 
tus for  well-boring  and  coal  sinking,  were 
required,  with  particulars  of  existing  wells 
sunk  on  the  artesian  principle.  CoDcrete, 
now  coming  more  largely  into  use  for  bnild^ 
ing  operations,  the  importance  of  fuller  ao- 
qoaintance  with  that  material  and  its  capa* 
bilities,  is  insisted  on. 

The  construction  of  bridges,  especially 
suspension  bridges,  forms  an  intportant  part 
of  the  examination.  Candidates  were  to 
describe  the  difference  between  the  ordinal^ 
suspension  bridge  and  a  bridge  (of  which 
illustrations  were  furnished)  stiffened  by 
suspension  rods  from  the  towers  to  various 
points  in  the  floor.  They  had  also  to  state 
approximately  tho  area  of  iron  required  in 
one  of  the  chains  of  a  suspension  bridge  hav- 
ing two  or  more  spans  of  ordinary  coostruc- 
tion,  both  at  the  points  of  i^upport,  viz.:  top 
of  tower  and  at  the  centre  of  span  ;  the  span 
being  500  feet,  and  the  versed  sine  of  the 
curve  formed  by  the  chains  being  40  feet ; 
the  weight  of  one  chain,  together  with  ita 
load,  being  half  a  ton  per  Hneal  foot,  and 
the  strain  upon  the  iron  not  exceeding  five 
tons  per  square  inch  of  section.  A  descrip- 
tion of  the  construction  of  the  Menai,  Lam* 
beth,  Clifton  and  Niagara  Falls  suspension 
bridges  was  required,  and  the  spans  of  the 
largest  bridges  hitherto  constructed,  with  the 
means  adopted  to  obtain  a  riffid  roadway. 
Free-hand  sketches  had  to  be  made  to 
accompany  descriptions  of  MitcheH's  screws 
for  cast  iron  bearing  piles  for  piers  of  bridges, 
foundation  supports  for  lighthouses,  jetties, 
&o. 

The  great  importance  of  the  study  of 
architecture  is  strongly  insisted  upon.  The 
drawing  which  accompanies  the  questions  is 
an  original  design  of  a  range  of  public  offices 
with  a  large  dome  rising  in  the  centre,  and 
flanked  by  two  smaller  ones  of  similar  ex- 
ternal construction.  Candidates  were  ex- 
pected to  furnish  a  description  of  the  methods 
of  its  erection,  to  name  the  style,  and  to  dis- 
tinguish the  different  parts.  Most  of  the 
questions  on  architecture  are  of  a  very  ele- 
mentary character. 

The  concluding  list  of  questions  bears  on 
iron  and  its  applications.  The  principal 
things  required  of  the  candidate  were,  state- 
ments of  the  limits  in  scantling  embraced  in 
the  trade  quotations  for  **  bar  iron  " — say, 
in  the  oases  of  *'flat,"  "round,"  and 
** square"  iron;  the  diflferenoe  in  price  of 
bar  iron  and  angle  iron  ;  the  limit  in  dimen- 
sions of  angle  iron  comprehended  in  the  said 
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the  strain  also  is  proportional  to  the  length; 
hence  the  cost  will  he  proportional  to  the 
dquare  of  the  length,  or  in  terms  of  the 
depth  to  1  -4-  2*.  In  the  same  manner  the 
eost  of  the  strut  will  be  proportional  to  2  + 
2y*.  The  true  measure  of  the  economic 
yalue — the  cost  per  foot — will,  consequent- 
ly,  be  proportional  to  -^ — — — ^-     It  is 

only  necessary,  therefore,  to  determine  the 
values  of  X  and  y  when  the  preceding  ex- 
pression is  the  minimum.  It  will  be  found 
that  a:  =  \/  2,  and  y  =  \/  J ;  hence,  the  in- 
clination of  the  tie,  instead  of  being  1  to  1, 
as  designed,  should  have  been  1.4  to  I,  and 
of  the  strut  0.7  to  1,  instead  of  ^  to  1. 
With  the  most  economic  inclination  the  cost 
of  the  web  would  be  proportional  to  2.86. 
With  those  adopted  we  obtain  by  substitut- 
ing z  =  1,  and  y  =  ^  in  the  preceding 
equation,  the  cost  of  web  proportional  to 
3.52,  exhibiting  an  excess  of  some  23  per 
eent.  AVith  vertical  struts  the  cost  would 
be  proportional  to  4  ;  hence  the  inclination 
of  the  struts,  small  though  it  is,  efTocts  a 
saving  of  12  per  cent.  With  the  struts  and 
tics  all  at  angles  of  45^,  the  cost  would  be 
proportional  to  3,  and  the  same  result  would 
be  attained  by  arranging  the  ties  at  an  in- 
clination of  1^  to  1,  and  the  struts  at  J  to 
1,  80  that  considerable  latitude  is  allowed 
for  practical  contingencies.'' 

We  give,  below,  the  reply*  of  Mr.  Post 
to  the  objections  raised,  and,  we  think,  con- 
sidering the  ability  of  the  parties  to  the 
distcussion,  that  it  will  form  an  interesting  as 
well  as  a  useful  chapter  in  bridge  construc- 
tion. Mr.  Post  believes  the  criticism  to  be  in 
some  respects  just,  but  in  other  respects  he 
regards  the  subject  under  a  very  different 
aspect  from  that  assumed  by  the  English 
writer.     He  says : 

The  doctrine  that  the  transference  of  the 
weight  of  the  structure  and  its  variable  load 
to  the  abutments  can  be  accomplished  only 
by  means  of  inclined  members,  is  fully  ad- 
mitted and  needs  no  argument.  It  is  also 
admitted  that  both  the  struts  and  the  ties, 
connecting  the  upper  and  lower  flanges, 
should  be  inclined.  The  Reviewer  and  my- 
self differ  somewhat  as  to  the  angle  of  in- 
clination that  ought  to  be  given  to  the  ties 
and  to  the  struts.  He  will,  undoubtedly, 
concede  that  acting  a/aw,  or  in  pairs,  inde- 
pendent of  any  strut,  the  tie-brace  will  pro- 
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duce  the  greatest  useful  result  when  its  in- 
clination IS  1  to  1,  or  45^  with  a  vertical. 

Economy  in  the  use  of  material  in  a  brace 
requires  that  the  quantity  or  volume  shooU 
be  the  least  in  proportion  to  the  distasee 
spanned ;  that  is,  the  greatest  economy  k 
when  the  volume  divided  by  the  hornootal 
reach  gives  the  least  quotient;  or  is  a  Mmf- 
mum,  8o  long  as  the  tie  or  stmt  remain 
vertical  the  quotient  is  infinitely  great.  Il 
is  then  only  an  auxiliary,  not  a  direct  agent 
in  the  transference  of  the  weight  toward  the 
abutment. 

The  strength  of  the  tie  depends  upon  its 
section,  without  regard  to  the  length,  negb 
lecting  its  own  weight.  The  section  of  the 
tie  is  always  as  the  weight  or  stress  in  the 
direction  of  its  length.  The  volume  of  the 
tie,  when  vertical,  is  proportionate  to  the- 
product  of  the  length  into  the  weight  sus- 
pended. When  the  tie  becomes  inclined, 
its  length  increases  as  the  secant  of  the  an* 
gle  of  inclination,  and  the  stress  also  in- 
creases as  this  secant.  When  the  maxininm 
useful  inclination  is  reached,  this  secant  be- 
comes \/,  and  the  volume  of  the  tie  /  \/,  -f 
W  \/,=2  /  W.  That  is,  in  passing  from  'the 
vertical  state  to  an  inclination  of  45*^,  the  tie 
doubles  its  volume. 

In  the  case  of  a  strut,  its  volume  conforms 
to  a  very  different  law  in  regard  to  its  length 
and  sectional  area.  Hodgkinson's  formala 
for  the  strength  of  a  cast  iron  cylindrical 
pillar,  with  rounded  ends,  and  not  less  than 
15  diameters  in  length,  is 

TF=33379x^r  (D 

in  which  PT^:  the  breaking  weight  in  poundji, 
d  =  the  diameter  in  inches,  and  /  =:  the 
length  in  feet. 

Let  V  =  the  volume  in  cubic  inches  of  t 
pillar,  the  section  of  which  is  a  circle ;  then 

F=-J^Xl2/=3,r/<f  (2) 

From  equation  (1), 

1 

33379'        \  33379/ 
1 

/ir/^^^^^  (3) 

\3337ti/ 
Substituting  this  value  of  (f  in  equation  (2). 

\  33376/  \8337C^ 

W^xt^-  (4) 
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r.^.086998x  WmXt^' 


(5) 


this  it  appears  that  the  volume  of  a 

.  strut  increases  as  the  0.354-  power 

eight  imposed,  and  the  1.9-1-  power 

sngth. 

assuming  the  vertioal  height  or  alti- 

remain  constant,  when  the  strut  bc- 

iclined,  its  length  increases  and  its 

lao  increases,  both  as  the  secant  of 

le  of  inclination  and  its  volume  is 

increased. 

ig  F,  for  the  new  volume,  m  for  the 

)36998,  W=z  the  weight,  and  I-  the 
,  as  before,  and  make  x  =  the  tan- 
the  angle  of  inclination,  then  Ix  = 
or  horixontal  run  of  the  strut,  and 
)i  will  be  the  length  of  the  strut. 

—  \^   will  be  the  stress    on    the 
Then  (6) 

fWj^r+Px'\^y(WP+Px'Y 


V 


x(- 


(7) 


=^xTr«x/.x(^^^^)"x 


7V\» 

this  subtracting  equation  (5) 


(8) 
(9) 


(10) 


creased  volume  of  the  strut  in  con- 
i  of  its  inclination. 
)y  the  condition  of  the  qucntion   V^ 
ninimum  when  divided  by  the  base 
t  is 

um. 

-  /vW-h>H-i)     ^  -  — 

ung  the  constant  value      P  .    -r?— 

rentiating  the  variable  function 

X  X 


when  the  value  is  a  ininimum.   Consequently 


(»i+n).a:*— ra;*=r;  (w»+»— ZV=^ 


3^=: 


(m  +  n^n 


— ;  and  a:= 


(m  +  «-/") 


i 


Putting  I  =  unity,      x=- 


/m-h»-i\a 

Restoring  the  numerical  value  of  m  and  n 
and  reducing  them  to  the  decimal  form 

which  is  the  tangent  of  39®  50.1'  very  nearly, 
and  not  45®  as  in  the  case  of  tne  tie,  and  as 
the  Reviewer  asserts  should  be  the  angle  of 
the  strut  also,  if  the  cost  for  both  were  the 
same.  The  correct  inclination  of  the  tie 
when  used  without  reference  to  a  connecting 
strut  is  45®,  and  the  correct  inclination  of 
the  strut,  without  regard  to  a  connecting  tie 
is  39®  50^'.  But  it  unfortunately  happens 
that  the  base  of  one  is  not  a  multiple  of  the 
base  of  the  other.  It  is  practically  of  great 
importance  that  all  the  bays  of  the  top  and 
bottom  flanges  should  be  of  the  same  length. 
Floor  beams  and  other  laterals,  of  one  pat- 
tern, can  then  be  used  for  all  the  triangula* 
tions.  Various  other  reasons  can  be  given 
why  the  truss  in  this  respect  should  be  sym- 
metrical, but  they  are  sufficiently  obvious. 
The  cost  of  a  strut,  if  made  solid,  will  be 
much  greater  than  if  made  hollow,  but  the 
theoretical  angle  of  inclination  will  be  the 
same  in  both  cases. 

Brevet  Col.  Wm.  E.  Merrill,  U.  S.  Engi- 
neers,  has  obtained  a  very  ingenious  formula 
for  the  weight  of  a  hollow  cast  iron  cylindri- 
cal pillar  of  maximum  strength  for  its  vol- 
ume. This  formula  is  deduced  from  Hodg- 
kinson's  experiments.  It  appears  to  me  to  be 
very  accurate,  and  although  unpublished,  I 
will  take  the  liberty  to  use  it  here.     It  is 

P=0.004599558x  Pr'»-"'*'«X/*-'~"" 
in   which  P=a  the  weight  of  the  pillar  in 
pounds ;  IF=thc  breaking  weight  in  pounds 
and  /  =  the  length  in  feet. 

Suppose  the  height  of  the  truss  to  be  45J 
feet  from  center  to  center  of  the  flanges  (as 
in  the  case  of  the  long  Hpan  for  8t.  Louis), 
and  the  panel  weight  180,000  pounds.  Sup- 
pose the  tensile  strength  of  a  wrought  iron 
tie  is  60,000  pounds  per  square  inch  of  itd 
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iieetioiuil  ares.     A  vertical  tic  that  will  just 
break  under  thi.«  load,  will  have  a  sect  ion  of  | 
ihrt'j:  .M|uare  inr-hes.  and  wifigh  -to.J-f-^+S.-" 
'4H=s4i?)  \tffuud*,  very  nearly.     And  a  tie  in-  ■ 
dined  45^  will  have  a  nection  of  bix  sf|nare! 
inches  and  weigh  920  poundri.    In  both  these  i 
cases  the  necei^nary  enlargement  at  the  eudsi  [ 
for  eyeK  or  for  thread  and  nnt.s  is  not  in- ! 
clu'ic'i.     The  end»  of  the  struts  will  al>o 
re(|uire  enlargement   for   similar  purposes. . 
and  as  thi.i  enlargement  will  \)e  nearly  pro-  i 
jKirtional  to  the  whole  weight  in  both  ties  and 
braces,  they  may  here  l>e  totally  neglected. 

The  weight  of  a  vertical  strut  4 5. J  ft.  long, 
loaded  with  180,(XK)  p^junds,  will  be 

(45.5)»»»*a*"=^124  pounds. 

If  the  strut  be  inclined  to  its  best  theo- 
retical angle  of  89"*  50.^  its  length  will  be 
increased  .^9.20  feet,  and  the  stress  to  234,- 
444  pounds.     Its  weight  will  be 

P=0.(m590r)5«  X  (234444)0  • »  3 1 » 1 4  »  ^ 
(59.2«)>-»<'"653=7098  pounds. 

By  making  the  inclination  of  the  strut  ^, 
the  length  will  be  47.90  feet,  the  stress  189,- 
737  pounds,  and  the  weight  of  the  strut 

P=0.004r)99r)5ft  X  (1  «9737)«  •  5  3 1 9 1 4  9  ^ 
(47.9())«-»<»*2"3=4076  pounds. 

Assuming  the  cost  of  wrought  iron  to  be 
double  that  of  the  same  weight  of  cast  iron, 
the  cost  of  the  wrought  iron  tie,  under  an 
in(;lination  of  45°,  may  be  represented  by 
920x2  =  lK40.  The  cost  of  the  vertical 
strut  will  then  l>e  reprcMeiited  by  4124.  The 
combined  cost  of  the  tie  and  strut  will  be 
18404-41 24/)  =  9fU.  Culling  the  horizontal 
run  of  the  tic  =  the  height  of  the  truss  = 
unity,  then  the  economy  in  this  case  is  repre- 
sented by  MH'A.  Taking  the  tie  at  an  angle 
of  45**,  and  the  strut  at  an  angle  of  39**  50 J', 
the  economy  of  their  combined  use  is 

1840+7098^ 
1.834437     —'"•'• 

In  this  case,  where  both  the  tie  and  strut 
have  their  theoretic  angles,  there  is  a  saving 
of  only  1<>  |>er  cent,  over  having  the  strut 
vertical,  and  a  saving  only  J|  great^sr  than  is 
admitted  by  the  Reviewer  when  the  inclina- 
tion is  f.  When  the  inrlination  of  the  strut 
is  i|,  and  the  tie  |,  tlie  economy  of  their 
combined  use  is  represented  by 

1840-f4r»7r)_   j.,^ 


showing  a  saving  of  neftrlj  24  per  cent  ii 
the  cost. 

The  pamphlet  containing  the  deseriplioB 
of  the  truss  under  review,  also  eontjuiis  the 
description  of  other  trusses  proposed,  in  aone 
of  which  the  inclination  of  the  stmt  l»rMa 
is  },  in  some  others  it  is  •},  and  in  others  it 
is  I  the  height  of  the  truss.  Nowhere  is  it 
pretended  that  either  of  these  inclinationa 
is  theoretically  correct,  but  each  one,  under 
the  circumstances  attending  ita  use,  ispme- 
tically  the  best  that  could  be  given  it.  When 
a  tie  can  be  used  at  an  angle  of  45*.  I  do  nol 
(|uite  comprehend  the  philosophy  of  abandon- 
ing what  is  absolutely  its  best  position  be- 


cause a  contiguous  strut  cannot 
best  position  also. 

From  the  vertical  to  an  inclination  of  89^ 
50 .y,  the  cost  ranges  from  2J-  to4i  times  the 
cost  of  the  tie  inclined  45^ ;  of  coone  the 

expression    ^^"   "t!!JL    does   not  apply  to 

the  case,  and  all  deductions  therefrom  fall. 

The  relative  cost  of  struts  inclined  at 
various  angles,  coupled  with  a  tie  at  45", 
will  be  considerably  modified  by  the  differ- 
ence that  may  be  made  between  the  ultimate 
strength  and  a  safe  working  strength.  If  6 
be  introduced  as  the  factor  of  safety,  the 
cost  of  the  wrought-iron  will  be  increased  to 
six  times,  while  that  of  the  cast-iron  will  be 
increased  to  only  6<'-*3+=2.5937  times. 

The  relative  cost  will  then  be  for  tie  45^ 
and 

Strut  vertical, 
18C0x(H4121x2.5?37_^l^^l^^^^lg3e, 

Strut  inclined  39"  50^', 


11040-1-17966 
1.83444    '  ^ 


Strut  inclined  ^. 


11040-fl2128 


15766. 


12376. 


That  an  American  engineer  should  act 
upon  a  theory  different  from  that  long  held 
on  the  other  side  of  the  Atlantic,  as  to  the 
value  or  usefulness  of  counter  braces  (so 
called),  seems  to  excite  the  most  surprise  in 
the  mind  of  the  Reviewer.  He  asks,  "  Upon 
what  hypothesis  are  the  computed  strains  oa 
the  counter  braces  based?'*  In  answering 
this  question  reference  is  made  to  the  follow- 
ing  diagram : 
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exists,  it  is  of  no  lae.  How,  then,  when  the 
moving  load  comes  from  the  right,  is  the 
weight  ^  e  transmitted  from  ^  to  a'  ?  Is  it 
not  first  by  tension  on  the  strut  B  b;  second^ 
by  conipressicm  on  the  slender  tie  Bd;  thirds 
by  tension  on  the  strut  D  d^  when  having 
reached  the  centre  point  D,  which  it  would 
. .       .   ,  .  .       also  have  reached  by  way  of  counter  braces. 

atrarns   upon   Ais  «y ^^'^ '^^^^ J|f «  it  then  pursues  its  legitimate  course  to  a'. 

How,  it  may  be  asked,  supposing  the  strut 


The 


from  the  pennanent  load,  or  from  one-half 

the  weight  of  the  bridge  itself,  are  symme-  nf^L"  '"*^  ««  «-^«a  ^upposinK  ine  strut 

trieal  aW  the  middle  point  D.     Of  course  ^/  *^  ^^  '?™^7^^  «^  *1^  <^^^  this  channel 

the  opposite  halves  are^^rfectly  balanced,  of  communication    is  the  ^t  to  be  tranm 

whetheVThe  girder  be  coipoaed  of  the  finest  f^^^^  ^,^  '  ,  J^  ^\  corresponding  strut 

steel  or  of  thi  coarsest  leadL     The  weight  of  f  *  >  *^  *^«  ?*¥>•  «,«<!  were  also  removed, 

the   structure   may  be  assumed  indefinitely  there  would  ^  obviously  be  a  collapse.     Per- 


may  be  assumed  indefinitely 
small  or  indefinitely  great.  In  either  case 
any  accidental  load  will  disturb  the  balance. 
Let  W  represent  a  panel  weight  of  this  per 
manent  load,  whatever  it  may  be ;  then  the 


haps  the  horizontal  force  l^  e  may  contain  in 
a  latent  state  the  transmitted  weight  =  ^  e 
£»  ^^  6  of  vertical  force,  which  is  set  free  on 
the  first  opportunity  by  reaching  the  next  in> 


portion  of  the  permanent  load  transferred  to  f  "^^  "'«™''f  ^^  ^'-     however  this  may  all 

the  abutments  (a  a')  by  the  mclmed  braces  ^\iV*  """•*  ^  transferred  from  b^  to  a', 

•11  1^   1  *°o  It  IS  not  easy  to  conceive  m  what  way 


will  be,  by 

B  d  and  B*  <f  each  TT,  and  the  strain  will  be 

WX  Sec.  21. 
A  c  and  A'  &  each  W,  and  the  strain  will  be 

Wx  Sec.  21. 
A  b  and  A*  b'  each  1}  IT,  and  the  strain  will 

be  Hir+8ec.  Z. 

Under  such  a  condition  there  can  be  no 
me  for  counter  braces,  represented  by  dotted 
linesi  in  the  left  hand  half  of  the  diagram. 

Now,  supposing  the  variable  or  moving 
locwl,  con^<isting  of  a  very  heavy  engine, 
oc<.-upying  the  length  of  two  panels,  followed 
bv  itrt  tender  and  a  train  of  cars,  be  brought 
u|ion  the  bridge  from  the  left — 

Let  e  =  a  panel  weight  of  the  engine  per 
truss ; 

Let  f  as  a  panel  weight  nf  the  tender,  and 

Let  c  =  a  panel  weight  of  cars. 

On  arrival  of  the  engine  at  b\  that  point 
receives  a  i<pecial  load  =  }  e,  which  is  not 
lialanced  by  a  corresponding  load  at  &.  A 
new  9*tate  of  equilibrium  in  the  truss  in- 
Mantly  occurz^.  Of  this  additional  weight 
■jiyX  J  '=t'6  «  lias  been  transferred  to  a,  and 
JjXi«=H«  has  been  transferred  to  a'. 
The  result  would  have  been  exactly  the  same 
if  the  train  had  entered  from  the  right,  only 
that  of  the  special  weight  now  at  b,  ^  would 
be  transmitted  to  a',  and  |^  to  a. 

Through  what  channels  is  the  transference 
of  the  lesser  weight  made  in  the  two  cases  ? 
It  seems  to  mc  that  when  the  moving  load 
enters  from  the  left,  the  tic  C  b'  will  be  tmed 
for  this  purpose ;  but  the  load  coming  from 
the  right,  it  is  certain  that  where  no  tie  C  b 


in  what  way 
the  weight  of  the  structure  itself  can  influ- 
ence this  transference.  Undoubtedly  the 
simplest  means  of  transferring  this  i^  from 
b'  to  a\  would  be  by  inserting  a  tic  from  b 
to  A\  but  the  arrangement  of  the  parts  of 
the  girder  forbids.  The  simplest  practical 
means  left  is  to  insert  ties  tending  in  the  de- 
sired direction. 

To  return  to  the  effect  of  the  moving  load 
entering  the  bridge  from  the  left :  when  the 
engine  has  reached  b'^  J  of  a  panel  weight  of 
the  engine  will  rest  at  that  point,  \^  of 
which  will  bo  supported  by  the  tie  A'  b\  and 
1^  transmitted  towards  a.  Now,  if  a  tie 
exists  from  b'  to  C*  tending  in  the  direction 
the  weight  is  to  be  tran^ife^rcd,  and  if  this 
tie  be  more  direct  than  any  other  inclined 
member,  the  -^^e  will  inevitably  take  such 
route.  All  the  tics  parallel  to  C'  b'  will  be 
e(iually  affected  by  the  ^  e. 

The  partial  load  at  ^'  =  |  e,  is  divided 
into  |iX|«  =  iJc,  which  is  sustained  by 
the  tie  ^' ^,  and  iVX}c  =  ^ffC,  sustained 
by  the  tie  ij  b\ 

The  horizontal  force  developed  in  the  hori 
zontal  tie  b'  &  is  (iX  lj^-iV)X  J  e  =A  « 
and  in  the  tie  C  b'  ^g  c,  assuming  always 
that  the  long  ties  have  an  inclination  of  45**. 
Then  the  strain  on  the  tie  (C  b')  at  a  cer- 
tain moment  is  ^'2X:^e,  This  is  a  positive 
strain,  and  no  weight  or  inertia  of  the  struc- 
ture can  relieve  it.  The  numerical  results 
of  this  strain  can  be  given  **  to  the  smallest 
fraction "  when  a  numerical  value  for  e  ih 
assumed.  It  is  the  maximum  strain.  It 
does  not  become  negative  because  the  per- 
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manent  weight  of  the  bridge  acts  against  it, 
as  astnumed  by  certain  writera. 

The  maxima  of  strains  at  any  time  affect- 
ing the  several  ties  while  the  train  passes  the 
bridge  will  be — 
On  B'  a'  nothing. 
On  C  bW^X(^Xle), 
OnZ>c'V:JX(A€+TVX|f). 
On  C  d'  \/^X(T^+iX  iV+AO. 

On  ^c^/:iX(^i^+^V+^^'+48<^)- 
On  A  b  i\/10X(lJ  W^+ii€+T^f+i4^). 

Here  it  is  found  that  the  computation  of 
the  maximum  strain  in  the  several  tics  is  a 
problem  **  capable  of  the  most  rigid  solu- 
tion,'* notwithstanding  the  strains  on  con- 
tiguous braces  vary  so  considerably  in  the 
gross  amount.  When  the  material  of  these 
braces  and  of  all  the  other  parts  is  properly 
pro^iortioncd  to  meet  the  strains,  the  bridge 
may  be  considered  in  its  normal  condition, 
at  least  so  far  as  the  transmission  of  loads  in 
the  early  lifetime  of  the  bridge  is  concerned. 

We  have  been  informed,  on  the  authority 
of  such  men  as  Katon  Hodgkinson,  W.  Cubit, 
Geo.  Ronnie,  Henry  James,  Robert  Willis, 
and  Lord  Wrottesley,  that  upon  an  iron 
bridce  of  48  feet  span  an  engine  and  tender 
weighing  39  tons,  at  a  speed  of  50  miles  per 
hour,  in  consequence  of  the  bridge  having  a 
static  deflection  of  \  inch,  the  speed  in- 
creased the  deflection  f,  or  to  what  would  be 
due  to  a  weight  of  about  45  tons.  If,  then, 
a  slight  static  deflection  causes  the  moving 
load,  under  a  veliKrity  that  is  not  unusual, 
*'  to  exercise  the  same  pressure  as  if  it  had 
been  increased  by  f ,  and  placed  at  rest  up^m 
the  centre  of  the  bridge,'*  I  do  not  si»e,  with 
the  Reviewer,  that  '*  an  inch  more  or  less  is 
a  matter  of  no  moment  at  all  in  the  deflec- 
tion." 

The  maximum  variable  load  carried  by 
the   tie  B'  d'  and   bv  the   strut  B*    b*   is 

rnder  this  variable  l«>ad  more  or  less  de- 
flection iHvurs  at  //.  If,  now,  the  tie  B'  a 
be  inserted  and  sen* wed  up  to  the  slightest 
degree  of  initial  tension,  not  st>  as  to  increase 
the  pres>urt»  on  the  strut,  when  the  engine 
passe>  off  the  bridjre,  the  strut  B  h  miu^t 
remain  under  the  s;ime  pn\'*sure  as  Wfore,  in 
consiM|uonee  of  its  ro.netion  on  the  tie  B  a\ 

Bringing  the  engine  b.^ek  to  r/'.  the  tie  B 
d'  is  again  U^ded.  and  the  tie  B  «  n^lieved. 
No  change  in  the  deflection  at  A  .  nor  differ- 
ence in  the  pressure  on  the  strut  h.-is  *H*C!ir- 
red.  On  this  prineiple  the  strains  on  the 
counter  braces  for  the  bridge  at  St.  Louis 


were  computed.  If  it  were  possible  to  ced- 
struct  a  bridge  perfectly  level  and  straight, 
so  that  it  would  have  no  static  deflectioa, 
whether  loaded  or  unloaded,  its  dvnamie  de- 
flection, however  great  the  speeif,  must  be 
very  little. 

In  calculating  the  strains  upon   the  St 
Louis  bridge,  the  moving  load  was  not  con- 
sidered   as    uniformly    distributed,    conse- 
quently the  maximum  strains  on  the  flangei 
do   not   occur  at   the   middle  of  the  »patt. 
Hence,  28  X  61635=1. 7257S0  pounds,  is  not 
the   correct   maximum    strain   on    the    top 
flange.     It  cannot,  therefore,  be  fairly  infer- 
'  red  from  such  a  calculation  that  some  initial 
strain  is  assumed  on  the  counter  braces  when 
I  the  bridge  is  fully  loaded,  nor  that  the  con- 
i  dition  is  such  as  **  involves  the  provision  of 
I  greater  strength  in  the  diagonal  struts  and 
:  ties  than  is  absolutely  required  for  the  use- 
ful duty  they  have  to  perform." 


STEEP  RAILWAY  GL\DIEXT& 

At  the  present  time,  when  attention  is 
being  again  directed  to  the  unsatisfactary 
working  of  the  Mont  Ccnis  engines  with 
their  horizontal  gripping  wheels  and  atten- 
dant complications,  it  is  worthy  of  note  tbst 
during  the  construction  of  the  Ottoman  rail* 
way.  Mr.  T.  K.  Crampton  made  regular  use 
of,  and  worked  by  an  ordinary  contractor's 
engine,  a  tramway  laid  for  a  length  of  hOO 
yards  to  a  gradient  of  one  in  eleven.  This 
tramway  was  altogether  about  a  mile  long, 
and  for  800  yards  of  this  length  it  rose,  u 
we  have  said,  at  an  inclination  of  one  in 
eleven,  afterwards  descending  for  about  the 
same  distance  with  inclines  of  one  in  fifteen 
and  one  in  twenty.  About  200  yards  of  the 
gradient  of  one  in  eleven  consisted  of  curves 
of  400  feet  radius.  The  tramway  was  em- 
ployed  for  the  conveyance  of  materials  to  be 
used  in  the  construction  of  the  main  lines, 
and  during  six  months  about  10,000  tons 
were  carried  over  it.  It  was  worked  by  an 
ordinary  contractor's  locomotive,  built  bj 
Mr.  Hughes. of  Loughborough;  this  engine 
having  cylinders  eleven  inches  in  diameter 
by  eighteen- inch  stroke,  and  two  pairs  of 
coupled  wheels  two  feet  six  inches  in  diam- 
eter. I'laeod  four  feet  six  inches  apart  from 
centre  to  centre.  The  weight  of  the  engine 
in  working  order  was  ten  tons,  and  it  drew 
behiui]  it  a  load  of  thirteen  tons  up  the  gra« 
dient  of  one  in  eleven.  The  pressure  of  the 
steam  was  from  90  pounds  to  lUO  pounds  per 
square  inch. 
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Ob  an  incline  of  one  in  eleven,  the  resitft- 
due  to  gravity  would  be  203.64  pounds 
per  ton,  and  taking  the  engine  friction  at 
eighteen  ponnds  per  ton,  and  the  wagon  fric- 
tion at  ten  pounds  per  tou,  we  have  the  fol- 
lowing total  resistance  to  be  overcome  by 
the  engine  in  ascending  the  gradient : 

Poanda. 
B«fUianM  iIm  to  gravity:  S3  toni  at  20S.63 

lb.  p«rton 4,683.5 

SngiD*  friction:  10  tons  at  18  lb.  per  ton 
WagoH  fHction :  13  tons  al  10  lb.  per  ton 


180 
130 


Total 4,993.5 

or,  say,  5,000  pounds.  The  weight  availa- 
ble for  adhesion  was  ten  tons,  or  22,400 
ponnds,  which  would  be  diminished  by  one- 
eleventh  on  an  incline  of  one  in  eleven. 
The  actual  adhesion  weight  available  in  the 
incline  would,  therefore,  be — 

U^iOO— *?^=20,364  lb., 
11 

and  the  adhesion  roust,  therefore,  have 
amounted  to  very  nearly  one-fourth  of  the 
load  on  the  wheels.  An  engine  of  the 
dimensions  above  given  would  develop  a  trac- 
tive force  of — 

ll!><l:*=miXl:*=7l.«lb., 

2.5  2.5 

for  each  pound  of  effective  pressure  per  square 
inch  on  the  pintons ;  and  to  overcome  the 
tractive    pressure    of   5,000    pounds,    this 

5,000 

effeetire  pnieare  mnit  thus  have  been =08.0  lb. 

726 

per  square  inch.  This  pressure  on  the  pis- 
ton could,  of  course,  readily  be  maintained 
by  a  boiler  pressure  of  90  pounds  per  square 
inch. — Engineering, 


Rouxs  Mortar. — The  Roman  mortars 
were  essentially  different  from  ours ; 
they  were  composed,  with  a  few  exceptions, 
uf  pure  lime  mixed  in  large  proportions  with 
fragments  of  bricks  coarsely  pounded.  This 
mortar  formed  the  bottom  and  side  lining  of 
ciiiterns,  fish-ponds,  aqueducts,  &c.  Proba- 
bly the  introduction  of  the  dry  substances 
was  for  the  purpose  of  hastening  the  solidfi- 
ration  by  exhausting  the  superabundance  of 
water  from  the  lime.  Thu.-*,  probably,  the 
desiccation  of  the  mortar  was  obtained  and 
its  compactness  and  impermeability  to  water 
secured.  The  lime,  sand,  and  brick  of  these 
murtars  were  those  of  the  country  where  the 
structures  into  whose  composition  they  enter 
now  exist. 


PHOTOGRAPHY. 

PICTURES  OF   THE   ECLIPSE — PERMANENT 

PIIOTOaRAPHS. 

From  the   *<  Mechanics'  Magaiine." 

The  total  eclipse  of  the  sun,  visible  last 
August  in  equatorial  Asia,  has  called  special 
attention  to  astronomical  photography,  and 
this  branch  of  the  science  will  doubtless  be 
considerably  improved  before  it  is  brought 
to  bear  next  August  upon  another  total 
eclipse,  visible  throughout  a  large  portion  of 
the  United  States.  'I'he  recent  photographic 
operations  of  the  English  expedition  to  India 
proved  a  failure,  because  of  the  want  of  a 
skilled  photographer  upon  the  staff.  The 
plates  were  spoilt,  because  of  the  drying  of 
the  silver  solution  upon  their  surfaces,  and 
they  were  all  under-exposed.  The  first  of 
these  mishaps  may  always  be  avoided,  and 
the  German  expedition  at  Aden  avoided  the 
latter  by  trying  some  experimental  plate 
shortly  before  the  totality,  to  get  some  clue 
beforehand  to  the  decline  in  the  actinism  of 
the  light  produced  by  the  eclipse.  Next 
year,  more  pictures  may  be  obtained  in  the 
same  space  of  time,  by  adopting  the  plan  of 
the  Germans  at  Aden,  of  taking  two  pictures 
of  the  eclipse  upon  one  glass  plate.  This  is 
done  by  a  simple  plan  well  known  to  photo- 
graphers. The  sliding  dark  back,  carrying 
the  plate,  is  lengthened,  so  that  after  one 
picture  is  taken,  and  the  light  cut  off,  the 
slide  is  moved  onwards  two  or  three  inches, 
and  another  picture  taken  upon  the  same 
film.  This  plan  saves  half  a  minute,  or 
more,  which  otherwise  would  be  lost  in 
changing  the  slides. 

The  English  apparatus  worked  capitally 
during  the  eclipse,  but  even  in  this  the  Ger- 
man expedition  had  one  slight  improvement. 
The  photographic  part  of  their  apparatus 
was  not  directly  fixed  to  the  tube  of  the 
telescope,  lest  the  necessary  motions  of  the 
slides  should  set  up  vibrations,  so  the  con- 
nection was  made  by  means  of  an  india- 
rubber  tube,  which  also  excluded  all  stray 
light.  In  ordinary  photographic  operations,, 
if  the  operator  desires  to  get  the  maximum 
number  of  negatives  in  the  shortest  space  of 
time,  he  not  only  furnishes  his  camera  with 
a  long  sliding  back,  but  he  increases  the 
number  of  his  lenses,  to  throw  several 
similar  pictures  upon  different  parts  of  the 
same  sensitive  plate.  This  raises  the  ques- 
tion whether  in  photographing  solar  eclipses 
I  it  may  not  be  possible  to  mount  two  or  three 
I  reflectors  or  refractors  at  the  end  of  a  single 
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telescopic  tube,  bo  that,  eay,  three  pictures  ' 
are  thrown  at  once  upon  the  plate  in  a  ver-  j 
tical  line  one  above  the  other.  Then,  Ij ; 
shifting  the  plate  as  alroadj  described,  six  < 
1  ictures  would  be  obtained  upun  one  film  ; ! 
or,  by  a  second  motion  of  the  plate,  even  as 
niuny  as  nine  might  be  impressed. 

Many  plans  for  increasing  the  permanency 
of  photographic  prints  have  been  under  con- 
sideration at  the  various  sucioties  duriug  the 
past  year,  but  the  results,  a.s  regards  pictures 
upon  albumenized  paper,  have  been  ^mall. 
The  very  few  photographers  who  are  really 

.  scientific  men,  turn  out  sil\  er  prints  which  in 

.  comparison  with  the  general  run  of  such 
pictures,  are  stable,  frosh  and  good,  hypo-Mil- 
)<hite  of  soda  solution,  and  thorough  washing 
(f  the  prints  after  filing,  being  the  be»t 
guarantees  of  permani'm-y.  After  the  wash- 
ing and  mounting  of  such  pictures,  rolling 
and  waxing  seems  to  increase  the  stability, 
by  the  production  of  a  print  with  a  hard 
glazed  surface,  son^cwhat  protected  by  the 
wax  from  deleterious  impurities  in  thi^  air. 
B'lt  no  care  in  silver  printing  upon  albu- 
menized paper  seems  to  give  security  against 
fading  in  the  long  run,  and  no  photographic 
chemist  of  eminence  would  ri>k  his  reputa- 
tion by  the  assertion  that  any  such  silver 
pictures  are  as  durable  as  engravings  in 
priming  ink.  Messrs.  Disdcri,  Johnson,  and 
others,  have  been  producing  some  very  de- 
licate and  beautiful  prints  upon  wet  collodion, 
which  prints  were  afterwards  transferred  to 
paper.    Little  or  nothing  is  as  yet  practical- 

-  iy  known  about  the  durability  of  these  pic- 
tures, but  theoretically  there  are  reasons  for 
supposing  that  they  will  last  longer  than  the 

•  common  kind.  At  all  events,  they  are  more 
pleasing  and  engravin>;-like  in  appearance, 
and  can  be  turned  out  at  the  same  price  as 
their  better-known  rivals. 

Carbon  was  the  biisis  of  the  best  and  most 
imperishable  of  the  inks  in  use  by  the  m(»nks 
of  old,  and  there  is  no  doubt  that  the  mo>t 
)icrmanent  photographic  pictures  at  present 
obtainable  upon  paper  are  those  prcKluccd  by 
the  carbon  proce>s.     Mr.  Joseph  Swan  tir>t 
produced  these  pictures  upon  a   commereial 
scale,  and  after  working  the  process  up  to  a 
great  state  of  perfection,  he  recently  sold 
his  patent  for  a  high  sum  to  a  Ijondon  Com- 
pany, but  there  is  scarcely  a  phhotographer 
in  London  who  will  undertake  to   supply  I 
carbon  portraits  on  any  terms  whatever.  One  i 
'^  the  best  and  certainly  one  of  the  most  j 
Cal  kinds  of  permanent  photographic  I 
I  are  transparencies  upon  collodion,  | 


cemented  between  two  akeeta  of  glaM  with 
Canada  balsam.  The  balsam  in  ita  natmral 
state  will  not  do,  as  the  essential  oil  it  cob- 
ttiins  gradually  evaporates,  and  at  last  the 
picture  ceases  at  places  to  remain  in  optical 
contact  with  the  glass.  This  essential  oil 
should  first  be  driven  off  by  heat  to  soch  an 
extent  that  the  balsam  hardens  as  it  cuols, 
and  this  hardened  balsam  should  be  used  in 
cementation  processes.  Even  this,  in  coBe 
cases,  tends  to  become  brittle  with  age, 
whereby  the  plates  have  a  liability  to  split 
asunder  too  easily,  so  that  experiments  are 
desirable  to  ascertain  thi;  best  substance  to 
mix  with  the  babam  to  increase  its  tongh- 
uess. 

This  question  of  durability  of  photographs 
is  of  far  more  national  interest  than  iji  appa- 
rent at  first  sight.  If  photography  had  been 
ku«>wn  in  the  days  of  Queen  Elizabeth,  and 
the  photographers  of  that  time  took  nothing 
but  fading  pictures,  so  that  that  the  London 
life  of  the  period  was  thereby  pictorially  lost 
to  us  for  ever,  except  in  the  imperfect  wood 
cut  and  flattered  oil  portrait,  what  cen.<nire 
we  should  now  heap  upon  the  photographers 
of  old.  Yet  the  photographers  of  to-day 
stand  a  good  chance  of  falling  into  similar 
disrepute  in  the  opinion  of  posterity.  Month 
by  month  the  physical  features  of  all  our 
cities  are  changing  with  great  rapidity.  Kail- 
ways  are  cutting  up  the  old  streets  and  new 
streets  are  being  cut  through  in  all  direc- 
tions. Little  is  thought  of  these  changca 
at  the  time  they  are  made,  but  after  the  • 
lapse  of  a  few  years,  accurate  pictures  of 
our  cities  as  they  used  to  be,  will  begin  to 
grow  in  public  interest. 

THE  BESSEMER  PROCES& 

PIG  IRON — BLAST  AND    BLAST  PIPES — RE- 

CARBl'Rr/ER. 

From  *'  EngiDeering." 

In  the  practical  management  of  a  Bes- 
semer steelworks  the  selection  of  pig  iron  i» 
one  of  the  most  imi>ortunt  questions.  Itu 
well  known  that  the  percentages  of  silicon, 
carbon,  manganese,  sulphur,  phosphorus,  and 
copper,  must  all  corres^kond  to  certain  figures 
ascertained  by  experience,  or  must  at  lea9t 
remain  within  certain  very  narrow  limits,  in 
order  to  in:iure  a  complete  reliability  and 
regularity  of  practice  and  a  high  quality  of 
the  metal  produced.  The  percentage  of 
silicon  >hould  not  be  below  1  per  cent.,  and 
not  above  2  per  cent. ;  the  percentage  of 
carbon  should  never  be  below  3  per  cent., 
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hot  ought  to  be  aa  high  as  possible.     The 
pre^eoce  of  manganese  to  a  certain  extent 
replace:*  that  of  carbon ;  but  the  pig  iron 
charge:;  should  not  contain  more  than  8  per 
eeut.  uf  manganese,  because  the  great  affini- 
ty oH  manganese  for  oxygen  causes  a  very 
Ti<flent  action  in  the  converter,  resembling  a 
series  uf  explosions,  by  which  a  great  quan- 
tity of  metal  is  thrown  out  of  the  vessels. 
Silicon   is  an  antidote  against  this  violent 
action  of  manganese,  and  a  charge  of  man- 
gaue^ic  pig  iron,  mixed  with  a  suitable  pro* 
portion  of  pig  iron,  containing  about  3  per 
Cent.,  or  3.5  per  cent,  of  silicon,  works  quiet- 
ly, and   gives  an  excellent  product.     In  a 
similar  manner  it   is   a   very   advantageous 
practice  to  mix  pig  iron  which  is  overcharged 
with  silicon  with  a  proportionate  <iuuntity  of 
e^iiegeleisen  in  making  up  the  charge  for  the 
euu  verier.     The  charge  rec|uircs  at  least  2 
per  cent,  of  manganese  for  every  per  cent,  of 
siHc«^.m  which  it  holds  in  excess  of  the  requi- 
Biie  <|uuutity,  say    l.J  |ier  cent.     When  the 
pi;;  irtm  is  melted  in  an  air  furnace  the  per- 
centages of  carbon,  silicon,  and  manganese 
are  sensibly  diminished  by  the  ordinary  in- 
fluence of  the  flame  ;  this  effect,  to  a  certain 
extent,  depends  upon  the  management  of  the 
melting  furnace,   and    the   attention   of  the 
opomtor  should  be  directed  to  the  prevention 
of  an  i.'Xi*essive  oxidation  in  the  air  furnace. 
\\  ht-n  a  eu|>ola  is  used  for  melting  the  pig, 
or  wh«-n  the  pig  iron  is  run  direct  from  the 
Ma-^t  furnace  into  the  c<»nvortor,   the  propor- 
tiMii;ito  quantities  of  carb<m,  silicon,  and  nian- 
guD(.'<«e  named  above  may  be  slightly  reduced. 
Th«?  distinction  which    is   made   between 
C'liiiliiiu'd   and  uncombincd  or  graphitic  cur- 
l>Mii.  when  judging    of  the    applicability    of 
pi:;  in»ii  for  the  Bessemer  jirocess,  is  a  pre- 
j.i-liir.       The    total   percentage    of  carbon, 
bi.rh  eniiibiiicd  and  uiicoiiibined,  is  the  only 
rriteriun.  as  far  as  the  applicability  to  the 
lJ»'--i.-nier    prwoss    is   concerned.     Sulphur, 
ph'»."*pli««ius,  and  copper  are  liniited   to  the 
cx;ri.iiirly  small  }>ercentage  of  U.Oo  per  cent. 
whr-iH-ver  a  high  (juality   (»f  metal   is  to  bo 
priHliioed.     From  this  it  docs  not,  however, 
fnlldvr   that  no  pig   iron    which    contains   a 
higher  |ierccntage  of  either  of  those  three 
impurities  can  be  employed  with   advantage. 
By  mixing  different  kinds  of  pig  iron   in  a 
ju'liiioufs  rnanncr,  it  is  possible  to  dilute  the 
itiipuriiies,  and  bring  them  down  to  the  nor- 
njul  percentages.     In  making  up  a  charge 
friim  three  different  kinds  of  pig  iron,  for 
in.-t^nce,  one-third  of  the  charge  holding  O.Io 
]«r  cent,  of  sulphur,  the  second  contaminat- 


ed with  phosphorus  to  the  same  extent,  0.15 
per  cent.,  and  the  third  part  of  the  cliarge 
containing  0.15  per  cent,  copper,  it  is  obvious 
that  the  mixture  of  liquid  iron  charged  into 
the  converter  comes  within  the  limits  named 
above,  and  is  perfectly  suitable  for  the  pro- 
duction of  the  best  qualities  of  Bessemer 
metal,  although  none  of  the  classes  of  pigs 
from  which  that  charge  was  made  up  coiild 
have  been  by  itself  employed  for  the  Bes- 
semer process. 

The  pig  iron,  when  selected  and  made  up 
into  a  charge,  should  be  melted  rapidly,  and 
at  the  highest  tenqK^rature  which  can  be  pro- 
duced.     The  runners  or  channels  through 
which  the  iron  passes  into  the  converter  must 
be  of  large  sectional  area,  and  carefully  dried 
and  heated  previous   to  tapping.     The   con- 
verter must  have  a  full  white  heat   before 
receiving  the  charge,  and    the    li([uid    iron 
must  be  run  into  it  as  rapidly  as  is  compati- 
ble with  safety  and  cleanliness.     The  con- 
verter should  never  be  turned  up  bcf<»re  the 
safety  valve  ui)on  the  air  vessel  has  com- 
menced to  blow  off,  and  the  blast  is  let  on 
I  full  before  the  converter  is  brought  into  an 
upright  position.     1  he  liquid  column  of  iron 
in  the  converter  is  from  V2  to   14   in.   deep. 
This  depth  is  not  exceeded  in  the  converters 
of  larger  sizes,  which  have  a  larger  diameter 
and    a   correspondingly   greater   numbor  of 
!  tuyeres,  so  as  to  hold  the  greater  quantity  of 
:  metal  without  increasing  the  depth   of  the 
ferrostatic  column.     The   blast   jiressure   in 
j  the  air  vessel  varies  from  12  to  "liAh.  on  the 
!  scjuare  inch,  and  it  is  never  less  than   ti)ree 
'  times  as  great  as  the  weight  of  the   H(|uid 
column  which  rests  ujum  the  tuyeres.     This 
I  shows  that  the  back  pressure  caused  by  the 
!  licpiid   column   boars  only  a  comparatively 
j  snjall  proporti<ni  to  the  total  sum  of  resist- 
ance ])rcM'ntcd  to   the  passage   of  the   blast 
I  through  the  Bessemer   apparatus. 
I      The  resistance  which  the  blast  must  over- 
.  come   in   passing  through    the  Ciinvcrter    is 
made  up,    first,    of  the    fricti<m    and    other 
loss  of  power  in  the  pipes  and   pas -a  ires   be- 
'tween    the   air   vessel   and   the   tuyere  box; 
:  second,  of  the  friction  and  resistance  caused 
'  by  the  numerous  and  narrow  holes  of  the 
tuyeres  ;  third,  of  the  head  of  liquid  column 
covering  the  tuyeres  and  the  friction  within 
the  licpiid  metal ;  and  fourth,  of  tin;  friction 
and  resistance  caused  by  the  contracted  flue 
or  mouth  of  the  converter.     The  sum  total  of 
these  resistances  offered  to  the  blast  in  pass- 
ing through  the  vessel   is  measured   by   the 
pressure  gauge,  on  the  platform,  and  it  is 
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|aind  liardBeas  to  the  steel,  and  any 
A  of  Buuiganese  remaining  in  the  steel 
aparatiYely  harmless  as  regards  the 
f  of  the  produet.  When  silicon  is  pres- 
e  manganese  is  less  liable  to  cause 
;ioiK,  since  it  can  form  a  liquid  slag,  or 
e  of  manganese.  For  these  reasons 
lal  addition  to  the  Bessemer  charge 
I  contain  the  three  elements,  carbon, 
I,  and  manganese.  There  should  be  a 
s  of  manganese  to  allow  for  the  un- 
ities regarding  the  quantity  of  oxygen 
each  charge  ;  there  should  be  no  more 
I  than  is  required  to  form  a  slag  with 
sater  portion  of  the  oxide  of  manganese; 
lere  should  be  no  more  carbon  than  is 
i  for  finally  carburizinff  the  charge  of 
The  natural  spiegcleisen,  as  a  rule,  is 
x>r  in  manganese,  and  too  rich  in  car- 
»  produce  this  effect,  and  when  steel  is 
by  its  application  it  is  difficult  to  pro- 
i  very  soft  quality.  Mr.  Henderson's 
nanganese,  which  contains  from  20  to 

*  cent,  of  manganese  combined  with  5 
;nt.  of  carbon  and  a  small  quantity  of 
I,  is  a  substance  of  much  greater  value 

*  production  of  the  highest  qualities  of 
;eel ;  and  the  mode  of  manufacturing 
.rtificial  alloys  affords  a  possiblity  of 
ng  the  relative  quantities  of  the  ele- 

to  almost  any  desired  proportion, 
r  spiegcleisen  should  not  be  kept  in  the 
e  for  any  length  of  time,  as  it  loses  its 
\ne»e  and  silicon  by  oxidation.  It 
I  run  into  the  converter  with  great 
so  as  to  enter  into  the  liquid  charge 
ft  certain  momentum.  This  prevents 
looting  upon  the  surface  of  the  dccar- 
d  iron,  which  has  a  greater  specific 
y  than  spicgeleisenorferro-manganese. 
lot  necessary  to  turn  up  the  converter 
nd  time  after  the  final  addition,  since 
mediate  reaction  takes  place,  and  a 
white  flame  rushes  out  of  the  converter 
gh  the  blast  is  entirely  shut  off.  The 
steel  is  then  immediately  poured  into 
rot  moulds.  Only  in  the  exceptional 
vhen  there  in  no  flame  visible  at  the 
ter  mouth  after  the  addition  of  nian- 
f,  the  vc^el  must  be  turned  up  a  second 
ind  the  blast  passed  through  it  for  a 
?onds.  This  is  done  because  the  absence 
ivid  reaction  indicates  that  the  charge 
»t  been  blown  long  enough  at  first,  so 
lere  was  no  surplus  oxygen  left  in  it, 
,e  additional  time  of  blowing  is  requir- 
removing  the  surplus  of  deoxidizing 
Its  added  at  the  end  of  the  charge. 


CHEAPEIR  RAILWAYS  AND  WORKING. 

The  British  newspapers,  professional  and 
commercial,  are  discussing  this  subject  very 
earnestly.  It  is  important  to  us  in  America, 
however,  that  we  should  not  be  led  astray  by 
names.  The  cheap  and  light  railways  ad- 
vocated by  Englishmen,  are  by  no  means  to 
be  deprived  of  the  best  known  systems  of 
drainage,  ballasting,  rails,  rail  jointing,  roll- 
ing stock  and  power.  Indeed,  it  is  proposed  to 
increase  the  weight  of  rails,  and  a  great 
economy  is  expected  from  articulating  engines 
and  trains  at  a  considerable  extra  cost. 
British  engineers  propose  to  cheapen  railway 
construction  chiefly  by  avoiding  heavy  earths 
works  and  costly  taorks  of  art^  and  by  filling 
the  trains.  It  is  proposed  to  go  over  and 
around  hills  rather  than  through  them.  The 
cost  of  steam  power  on  gradients  and  of  wear 
and  tear  on  curves,  is  less  than  the  interest  on 
the  works  necessary  to  avoid  gradients  and 
curves,  within  reasonable  limits.  The  Ameri- 
can system  may  be  followed  to  advantage,  m 
this  particular. 

But  in  respect  of  stations,  the  American 
svstem  is  eciually  wrong — in  the  other  direc- 
tion. Our  traveling  public  is  incommoded, 
disgusted  and  led  to  avoid  railways  rather 
than  accommodated  and  encouraged  to  travel 
by  them.  A  railway  station  need  not  be  a 
palace,  but  Paddington  stations  at  West  Phil- 
adelphia, Albany  and  Baltimore,  for  instance, 
and  a  St.  Pancras  in  the  upper  part  of  New 
York,  with  overhead  or  underground  down- 
town branches,  would  pay  better  than  the 
cramped  disagreeable  and  unsafe  sheds  that 
now  incommode  the  great  traffic  of  these 
localities.  In  the  matter  of  carrying  tons 
of  non-paying  load  to  pounds  of  paying  load, 
the  English  system  of  compartments,  and 
guards  paid  to  keep  them  empty,*  is  as 
bad  as  possible.  Now  that  our  own  system 
of  one  fare  and  one  class  thoughout  is  modi- 
fied by  the  introduction  of  sleeping  berths, 
sitting-rooms  and  other  accommodations 
specially  (and  roundly)  paid  for,  it  may  well 
be  studied  abroad.  The  transportation  of 
non-paying  load  however,  is  a  very  serious 
evil  everywhere ;  there  is  no  really  good 
practice  to  copy,  and  the  whole  department 
requires  reorganizing  on  a  radically  new  plan. 
The  following  considerations  on  this  subject 


*  English  ezpreu  trains  arc  rerj  heavj,  rery  fast, 
and  very  frequent,  and  they  are  rarelj  well  filled. 
A  few  shillings  to  the  gaards  and  porters  will  purchase 
aooommodations  that  cost  the  railway  company  many 
timei  that  amoant. 


are    compiled    from     Tarious    numbers    of 
•*  Engineering'*   and    from    tbe '  **  Kailwaj 

Railway  trftnsjK^rt  in  itself  ia  a  very  pro- 
fitable buijiness,  yielding  from  50  to  60  per 
cent,  of  gro88  ruceiptH  in  the  shape  of  pro- 
fits. Those  handsome  profits  ha%'e,  however, 
been  rarely  if  ever  roalizecl  for  the  benefit 
of  those  who  have  invet*ted  in  the  undertuk- 
ingM,  for  previous  to  the  distribution  tiiking 
plsice  a  host  of  parasites  have  to  be  provided 
for  The  seven  leati  kine  whu^h  eat  up  so  birgc 
a  whare  of  the  |irofits  of  railways  are  :  Unnts- 
ceasary  expenditure  in  preliminary  and  parlia- 
mentary proceedings ;  exeessivc  payments  for 
land;  excessive  cost  of  construction;  un remu- 
nerative expenditure  upon  brauehea  ;  dupli* 
cate  lines  and  improvements  npon  original 
line  by  short  cuts  and  otherwise  ;  cost  of  fi- 
nancing and  jobbery  connected  with  formation 
of  company,  issues  of  securities^and  construc- 
tion Lontracts  ;  and  accumulations  againi^t 
capital  account  of  dividends  paidt  but  not 
fairly  earned,  liy  way  of  illustration  in  a 
line  now  being  constructed  by  the  Midland 
Company,  running  parallcd  with  a  line  be- 
longing to  the  Great  Western,  there  ia  no 
difforenee  whatever  in  the  formation  or  the 
nature  of  the  work  ;  but  the  same  length  of 
line  which  cost  the  Great  Western  l!orapany 
one  miUioD  la  now  being  constructed  by  coo- 
tractors  for  two  hundred  thousand  pounds, 
or  just  one  fifth  I  In  the  case  of  the  Brigh- 
ton Company,  the  committee  of  investiga- 
tion specified  twelve  branches  which  did  not 
pay  working  expenses,  much  less  any  return 
for  interest  on  capital. 

The  interests  of  a  small  oommitnity  of 
eh  arc  holders  and  bondholders,  who  have 
waited  their  money  in  a  railwny  arc  not  to 
be  considered  against  those  of  many  millions 
of  people  who  are  made  to  pay  for  the 
waste.  Were  every  corn-mill  and  every 
bakery  in  the  kingdom  built  of  su«^h  costly 
materials,  and  of  sui*h  needless  dimensions 
and  such  elaborate  architecture,  as  to  have 
cost  twice  what  it  ought,  this  would  be  no 
excuse  to  the  public  for  demanding  of  them 
twice  the  present  price  of  bread.  For  all 
the  great  necessaries  of  life— food,  drink, 
clothing,  firing,  lighting,  the  means  of  trans- 
port, etc.,  the  necessary  cost  of  which  is 
kuitwn — ^the  public  will  demand  and  ultim- 
ately enforce  the  supply  at  that  cost,  includ- 
ing a  Calr  profit  upon  only  the  nec€:isary 
capital  employed. 

It  has  been  too  long  the  habit  to  regard 
ilie  mere  cost  of  traction  as  the  ohiof  ele* 


mcnt  of  railway  eipcnditura«  whercia  tkt 
great    item    of  expense    is    int^re^t    tt^MS 
capital — not  of  course  that  interest  or  di?i« 
dend  is  always  paid,  although  it  is   nol  iW 
less  chargeable  in  default  of  pajtoent.     To 
pay  the  interest  on   the   whole   coat   of  tl>i 
present  lines  requires  a  charge   in   the  way 
of  fares  and  freights  at  least  twice  greater 
than    the  present   total   working   eitpnuef. 
Of  the  latter,  locomotive  power,  repairs  and 
renewals  of  rolling  stock,  and   tnaiDietianee 
of    way^     which     alone    are    influencrd    b? 
gradients  and   curves,    do    Dot    form    m9^ 
more  than  one-half,  the  remainder  goiog  ia 
management,  train  and  station  service,  raic0, 
taxes,    Government    duty,     etc.      In    other 
words,  nearly  or  quite  threc-fottrtbs  of  mhtt 
the  public  now  pay  to  the  railwajs  is  absorb- 
ed  in  expenses  and  in  payments  ujhjd  capital 
not  in  themselves  influenced   by    th©   6ie«|i- 
ness  of  gradients  or  the  sharpness  of  eiirTc#* 
Again,  taking  the  expenses  which  are  *oifi- 
flueiieed,  it  is  certain  that  very  eonj^idprably 
steeper  gradients  and  shnrtcr  curves  may  M 
introduced,  here  and  there,   to  save  eti««U^ 
works,  without  increasing  the  cost  of  ioc9^ 
motive  power  and  the  outlay  for   wear  aod 
tear  by  more  than  a  very  moderate  [»crecnt- 
age.     If  this  increase  did  not,  ns  it  hardlj 
would,  excee<l  five  per  cent.,  and  the  new 
line  cost  but  half  as  mucb  per  mile  as  tbe 
old,  then  for  every  pound  now  paid  by  Uu) 
passenger,  very  nearly  five  sbilliDgs  would 
be  saved  to  him  while  paying  the  same  rate 
per  cent,  of  profit  upon  the  railway    capital 
as  now.     If,   by    the    outlay    of  £1,(H.»0,    a 
clear  saving  of  £50  can  be   effected  yearly 
in  working  expenses,  the   outlay    is  justiflft- 
ble,  but   if  i:it>i^Ot)0   are   spent  to    obtalfi 
theoretically  favorable   gradients  or  eurtes 
which  do  ttot  really  save  £1,000  yearly  in 
working  expenses  the  outlay  is  a  wantefill 
one      If  this  extra  outlay  be  made  tipon  A 
single  mile  of  line,  as  upon  a  costly  riadQCt* 
or  a  tunnel,  the  interest  upon  it  at  five  per 
cent,  is  1,200,000  pence  per  annum,  e^ual 
to  £13  148.  per  day,  and  equal  to  nearW  Ta. 
per  train    for  each  of  forty  trains  nuiuiDg 
daily   over  that  mile  for  3ti5    days    in    this 
year.     Taking   the    number  of  trains  at  ■ 
more  reasonable  figure,  say,  twenty  daily  in 
both  directions,  it  is  evident  enough  that  the 
cost  c*f  working  a  comparatively  steep  in- 
cline half  a  mile  long,  the  adoption  of  which 
would  avoid  the  necesssity  for  a  costly  tunnel 
or  viaduct,  could  be  nothing  like  I4s,  por 
train  above  and  beyond  the  necesaary  cost  of 
working  a  level. 
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SWAGE 

OLD  AND  NEW  ST8TEM8— REQUIREMENTS, 
CAPACITY  AND  VENTILATION  OF  SEW- 
ERS —  APPLICATION  OF  SEWAGE  TO 
AQRICCLTURE — PURIFICATION  OF  SEW- 
AGE. 

Gb«pU«d  firoBi  M.  If  ille'a  •eeoant  of  the  Pftrii  Sew- 
•§••  Chief  Engineer  Hermftoy'i  report  on  Memphi« 
Wmtcr  Wurki,  ''The  Engineer,*'  ''The  Builder," 
ThA  rapert  of  Mown.  Bftteman  and  Baimlgette  on 
th«  GiMgow  Sewage,  Ac. 

The  complete  removal  of  sewage,  not  only 
from  towns,  but  from  the  waters  and  even 
from  the  vicinity  of  large  townn,  is  one  of 
the  most  vital  and  urgent  questions  of  the 
day.  The  health  of  niillioas  and  the  lives 
of  thousands  of  human  beings  depends  upon 
it.  Id  the  older  towns  of  Europe,  it  is  per- 
haps the  foremost  engineering  as  well  as 
sanitary  proidem.  In  the  larger  Am<Tican 
towns,  espeoiall  V  those  that  are  not  traversed 
or  surrounded  by  great  volumes  of  natural 
tides  or  currents  to  liissipate  and  dilute  the 
sewase,  the  necessity  of  disposing  of  it  by 
artificial  means  is  felt  and  acknowledged. 
But  unlike  the  greater  number  of  works  for 
the  public  protection,  such  as  fortifications, 
docks,  fire  departments,  &o.,  which  return 
no  revenue,  sewage  works  properly  con- 
itrocted,  are  rommfrrial  and  maitafcu'iuring 
inf'f^mt*tti»i^  as  much  so  as  the  importation 
of  guano  or  the  preparation  of  the  Charleston 
phosphates.  Besides  being  indispensabb*  to ' 
the  hcalthfulness  of  all  towns,  and  even  the  I 
habitablenefts  of  some,  sewage  works  may  be  | 
made  to  piy  directly,  in  the  wonderfully  in-  - 
creased  productivcncsn  of  lands  to  which  the  ^ 
refuse  matter  is  applied.  Even  in  cities 
like  New  York,  this  view  of  the  case  cannot 
long  be  ignored.  Although  New  York  is 
snrixyanded  by  a  volume  of  water  that  dilutes 
and  appears  to  dispose  of  its  sewage,  great 
banks  of  this  material  are  already  found  in 
all  its  Alps  and  beneath  its  waters — foul 
banks  that  are  even  now  reservoirs  of  dis- 
ea.«c.  and  will  one  day  spread  pestilence 
along  its  shores,  iuHtoad  of  directly  contribu- 
ting to  itii  health  and  wealth,  by  cheapening 
and  so  bettering  the  food  of  its  people. 

Ancient  8 yatems. — In  ancient  Rome  the 
c/<«0'ti  marima  carried  the  whole  refuse 
lu|uids  of  the  city  into  the  Tiber,  as  was  the  | 
ca^  with  the  Thames  not  long  since.  The  i 
Arab.<»  introduced  irrigation  into  Europe,  and  - 
the  practice  spread  gradually  along  the  west-j 
em  roast  of  the  Mediterranean.  In  the  thir-  j 
le<mth  eentury,  at  the  time  of  the  Christian  j 
•ooquest,  the  plain  of  Valence  was  watered  | 


by  seven  branches  of  the  Xuoar,  and  in  the 
town  the  sewage  of  the  houses  was  conveyed 
through  earthen  pipes,  or  brick  conduits, 
into  open  sewers.  As  -  the  population  in- 
creased infection  became  serious,  and  the 
conqueror,  Don  Jayne  d'Ara^on,  ordered 
that  the  waters  of  a  canal  called  the  Cuart 
should  be  made  to  run  into  the  sewers  for 
two  hours  in  every  twenty-four,  to  carry  ofF 
the  filth.  Near  the  walls  of  the  town  the 
inhal>itants  drew  out  the  mud,  and,  after 
drying  it  in  the  sun,  used  it  as  manure, 
while  those  who  lived  further  down  dammed 
the  stream,  and  forced  the  water  to  pass  into 
ditches  in  their  own  fields.  The  result  was 
that  the  portion  of  the  Uuerta  do  Valence 
which  lay  nearest  to  the  canal  became  a  per- 
fect marvel  of  fruitfulness,  and  remains  so 
to  the  present  day.  In  Milan,  in  the  middle 
ages,  the  sewage  of  the  town,  and  the  refuse 
of  the  woolen  works,  were  received  in  open 
sewers,  which  surrounded  the  town,  and  the 
contents  were  carried  to  the  river  Po  by 
means  of  an  old  bed  called  theVettabia,  which 
traversed  the  lands  of  the  Abbey  of  Clair- 
vauz,  belonging  to  the  monks  of  Citeau. 
iVadition  says  that  it  was  Saint  Bernard 
himself  who  conceived  the  idea  of  feeding 
the  abbey  lands  with  the  foul  waters  of  this 
stream,  and  that  the  result  of  his  experiment 
was  marvellous.  In  the  fifteenth  century 
Francois  Sfibrza  cut  the  canal  of  the  Morte- 
sana,  and  appropriated  the  water  of  the 
Adda  for  the  cleaning  of  the  sewers  of 
Milan.  The  irrigation  was  then  extended 
over  between  three  and  four  thousand  acres; 
and  this,  with  the  great  industry  of  the  peo- 
ple of  Lonibardy,  created  the  marci/nH — 
meadows  which  yielded  in  some  oases  as 
many  as  eight  crops  in  the  year,  supported 
more  than  three  milch  cows  on  every  hectare 
(two-and-a-half  acres),  and  gave  rise  to  the 
famous  manufacture  of  Parmesan  cheese. 

Modern  ^Systems. — In  London  and  some 
other  cities,  the  sewers  wore  originally  in- 
tended to  carry  off  rain  water  only.  Up  to 
the  year  1815  it  was  penal  to  discharge  new- 
age  or  other  offensive  matter  into  the  sewers ; 
ooss-pools  were  regarded  as  the  proper  re- 
ceptacles for  house  drainage.  But  as  the 
population  increased,  the  subsoil  becamo 
thickly  studded  with  ooss-pools,  improved 
household  appliances  were  introduced,  over- 
flow drains  f^om  the  ooss-pools  to  thescwere 
were  constructed;  thus  the  sewers  bo<*an)Q 
polluted,  and  covered  biick  ohannols  w*^re 
necossarily  substituted  for  existing  open 
Streams.     In  the  year  1847  the  first  act  waa 
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obtained,  making  it  compulsory  to  drain 
liouBes  into  sewers.  The  present  English 
boiution  of  the  problem,  as  developed  in  their 
general  systems  of  town  drainage^  has  been 
to  construct  underground,  generally  along 
the  center  lines  of  streets  and  alleys  trav- 
ersing the  districts  to  he  relieved,  conduits 
of  masonry ;  or  to  lay  stone^waro  pipes. 
Into  these  all  house  and  factory  refuse, 
and  all  ca^t-oS*  matter  which  can  be  floated, 
are  conducted  by  meant^  of  branch  drains^  and 
street  gulleys,  and  by  the  aid  of  an  ample 
publio  water  supply  and  occasional  rainfalls, 
through  these  eonduit.s  into  natural  water- 
cuurses,  to  be  diluted  so  far  as  to  be  inoffen- 
sive. This  manner  of  disposing  of  city  sew- 
age is  called  the  imfer-^arriagf!  system.  It 
is,  with  some  o&ceprions,  the  general  prac- 
tice in  England ;  and,  so  far  as  sewage 
works  have  been  de.siined  and  construe  led 
in  the  United  States,  the  uoiveraal  practice. 

In  cases  wh«re  there  is  insufficient  fall 
from  the  street  sewers  to  the  place  of  de- 
posit, pumping  is  largely  resorted  to ;  the 
whole  of  the  vast  low  level  drainage  of  Loo- 
don,  amounting  to  more  than  b*S  square 
jniles,  is  thus  disposed  of.  The  cities  of 
Liverpool,  of  Leamington,  the  proposed  im- 
mense drainage  of  Glasgow,  besides  numer- 
ous great  cities  on  the  continent,  like  Ber- 
lin and  Hamburgh,  have  works  conceived 
and  executed  with  the  same  view.  Similar 
works  are  proposed  for  some  of  the  American 
cities ;  Troy  among  others. 

The  mixing  of  fecal  matter  with  water, 
and  disposing  of  it  through  the  sewers, 
finds,  however,  little  favor  on  the  continent 
of  Europe,  and  is  obliged  to  encounter  much 
opposition  from  some  of  the  ablest  scientists 
and  engineers  in  F2ngland.  It  is  condemned 
on  account  of  polluting  the  natural  water- 
courses und  depriving  agriculture  of  a  valu- 
able fertiliser.  The  tides  of  the  ocean,  even, 
are  proved  inadequate  to  remove  the  sewage 
cast  into  it.  The  expectations  respecting 
the  transporting  action  of  the  tide  have 
proved  completety  delusive,  as  the  blackened 
foreshores  of  Krith  and  Greenhithe,  and 
other  places  on  the  Thames,  can  testify. 
Any  town  that  discharges  its  sewage  into 
the  sea,  or  gets  rid  of  it,  as  the  usual  term 
is,  by  this  method,  will  tind  that  there  is  a 
rast  difference  between  a  simple  transf thence 
and  a  complete  removal.  Absorption,  not 
•olutioo  nor  dilution,  is  the  only  manner  in 
whieh  to  effect  the  oomplete  removal  of  sow- 
age,  and  that  is  a  faculty  enjoyed  in  the  ful* 
Uu  degree  only  by  the  goil  and  the  won* 


derful  assimilating  action  of  plants.  To 
avoid  the  nuisance  and  the  waste  of  thraviog 
the  sewage  into  streams  or  the  oea,  itic  §m* 
tilizing  matter  must  cither  tie  kept  otEl  if 
the  sewers  altogether,  and  a    I  "^  'la 

of  collecting  and  transportii;  yf 

else  it  mu8t  be  collected  at  tb^  ou;Uuw  poiol 
of  the  system.  It  may  in  either  caic  !• 
deodorized,  should  that  process  prove  Mif- 
eest^fnl  The  main  drainage  of  Londom  m 
intended  to  float  or  propel  by  ruoDing  water, 
all  the  sewage  of  the  town,  to  a  point  far 
below  the  town,  where  the  fertilizing  maHfr 
will  be  collected  in  solid  form,  Tb«  Pam 
system  is  the  same,  and  has  been  frequratly 
described.  During  the  last  twenty  yeaia»  m 
complete  system  of  drainage,  terminati  g  id 
a  main  sewer  with  a  flow  of  from  three  feet  ta 
six  feet  per  second  has  been  attained,  aad  iki 
authorities  have  finally  determined  thai  ika 
Seine  should  be  cleared  of  the  pollulioai  oC 
the  town.  In  Paris,  however,  the  cm 
cess-pools  continues  to  a  great  extent, 
j  the  foul  matter  of  the  houses  is  not  b 
cases  passed  into  the  sewers.  But  tW  i 
pools  are  properly  cared  for  and  el«aoedL 
But  this  is  an  expensive  process.  Oftw 
2,000  tons  per  night  are  removed  from  pri- 
vate hotises.  Steam  pumps  eonrey  ow 
5<d0,000  tons  per  year  to  the  baaim  al 
Bondy,  six  miles  from  Parts«  and  5(1|(}(M 
tons  of  half'4olid  matter  which  the  piiapi 
^  will  not  act  upon,  is  removed  in  eaakjt.  Al 
Bondy  the  night-soil  is  transformed  into  sul* 
phate  of  ammonia,  and  into  /  .  whieh 

is  the  solid  deposit  left  in  t  ^,  driiei 

and  sifted.      But  this  method  of  pre 
is  very  rude,  and  nineteen-twentiotlis 
useful  matter  are  said  to  be  lost. 

In  many  American  towns,  however,  tha 
only  system  that  can  be  ajfordr^d  at  preheat, 
is  simply  to  get  the  sewage  ou/  of  the  towa^ 
by  the  comparatively  inezpenAive  method 
of  water  carriage  in  the  sewera.  In  tho 
Memphis  region,  for  instanee,  where  thisxrib- 
jeot  has  come  up  for  settlement^  the  land  for 
agricultural  purposes  is  too  cheap,  ahnndant* 
and  tertile,  and  the  scope  of  agriculture  too 
limited  to  permit  the  expensive  application 
of  fecal  matter  as  manure;  and  the  further 
pollution  of  the  Mississippi  by  the  additioQ 
of  the  sewage  from  another  city  b  a  ooalift» 
gency  altogether  too  remote  for  seriona  acQ^ 
side  ration. 

KsQcinEHiNTS  AND  Capacity  or  Siir- 
AOE  WoBKS — To  what  extent  any  syaleia 
of  drainage  should  be  a  modification  or  a 
Buspersedore  of  the  natural  drainage,  dependi 
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OB  the  topognphy,  area,  Datural  streams  of 
numing  water,  rainfall,  and  population  which 
obtain  in  different  districts  or  cities.  The 
best  existing  systems  of  artificial  drainage 
give  evidence  of  having  arrived  at  whatever 
degree  of  perfection  they  now  possess  by 
passing  saccessively  through  the  stages  of 
improvement,  and  at  least  partial  superse- 
dnre  of  the  originally  existing  natural  drain- 
age. In  some  of  the  most  den.->ely  populated 
cities  the  only  traces  of  a  former  natural 
drainage  are  the  lines  of  the  main  outfalls, 
which,  to  a  greater  or  less  degree,  coincide 
with  the  natural  lines  of  rain-water  out  tails. 
Therefore,  it  is  evident  that  the  tendency  of 
all  systems  of  artificial  drainage  is  inevita- 
bly in  the  direction  of  the  total  auperaedure 
of  the  naiural  drainage. 

The  first  question  to  be  solved  is  the  size 
of  the  sewers ;  to  determine  which,  three  ele- 
ments are  indispensable;  thi*  areas  to  be 
drained,  the  inclination  of  the  sewers,  and 
the  maximum  quantity  of  sewage  and  rain- 
water disi*harged  in  a  given  time  from  said 
areas.  The  first  two  of  these  elements  only 
are  known ;  the  latter  remains  to  be  deter- 
mined, and  is  composed,  in  cities  enjoying 
a  public  water  supply,  in  connection  with  a 
general  use  of  modern  house  conveniences, 
of  the  refutte  waiter  holding  the  solid  matter 
in  suicpension,  and  the  rainfall  dm^harge. 
The  refuse  water  is  found,  in  densely  popu- 
lated cities,  to  vary  but  inappreciably  from 
the  uater  supply  in  bulk  ;  one-half  of  which, 
according  to  observations  on  the  London 
sewers,  finds  its  way  to  the  sewers  in  six 
hour:*,  and  the  other  half  in  the  eighteen  re- 
maining h  iurs  out  of  the  twenty-four.  Then, 
taking  the  water  supply  at  60  gallons  or 
$.|>214  cubic  feet  per  '24  hours  per  capita,  and 
the  resulting  sewai^e  as  the  same  in  bulk, 
one-half  of  which  being  discharged  in  six 
houn«.  and  rating  the  ultimate  population  at 
eeienty-eight  persons  to  the  acre,  equivalent 
to  fifty  thousand  per  s<[uare  mile,  there  will 
result  0.t)l44  cubic  feet  as  the  sewage  per  acre 
per  Micund  (equivalent  to  a  rainfall  0.0143  in. 
m  depth  per  hour),  rated  according  to  popu- 
latiim  and  water  supply.  The  rainfall  dis- 
clurge  depends  u|Mm  the  depth  of  rain  falling 
in  a  given  time,  and  the  condition  of  the 
iiurfiA:e  u}Kin  which  it  fulls,  whether  dry,  wet, 
friaeu,  |Mivcd,  built  over,  or  cultivated  ;  mod- 
ified by  the  declivity  of  the  slopos  along 
which  the  discharge  takes  place.  Mr.  Bazal- 
gettc's  paper  on  the  Loudon  Main  Drainage, 
sav!* :  !■  rom  careful  observations  of  the  quan- 
tity of  rain  falling  on  the  metropolis,  within 


short  periods  of  time,  it  has  been  ascertained 
that  there  are  about  155  days  per  annum 
upon  which  rain  falls ;  of  these  there  are  only 
about  25  upon  which  the  quantity  amounts 
to  \  of  an  inch  in  depth  in  24  hours,  or  the 
0.01  part  of  an  inch  per  hour  if  spread  over 
an  entire  day.  Of  such  rain-falls  a  large 
portion  is  evaporated  or  absorbed,  and  either 
does  not  pass  through  the  sewers,  or  does 
not  reach  them  until  long  after  the  rain  has 
ceased.  In  the  report  of  Messrs.  Bidder, 
Httwksley  and  Bazalgette,  in  1858,  on  the 
subject,  it  is  stated  that  continuous  observa- 
tions, show  that  the  quantity  of  rain  which 
flowed  off  by  the  sewers  was,  in  all,  cases, 
much  less  than  the  quantity  which  fell  on 
the  ground;  and  although  the  variations  of 
atmospheric  phenomena  are  far  too  great  to 
allow  any  philosophical  proportions  to  bo 
established  between  the  rainfall  and  the 
sewer-flow,  yet  they  feel  warranted  in  con- 
cluding, OS  a  rule  of  averages,  that  \  of  an 
inch  of  rainfall  will  not  contribute  more  than 
I  of  an  inch  to  the  sewers,  nor  a  fall  of  0.4 
of  an  inch  more  than  ^  of  an  inch.  Indeed, 
they  have  observed  rainfalls  of  very  sensible 
amounts  failing  to  contribute  any  distinguish 
able  quantity  to  the  sewers.  But  there  are 
in  almost  every  year  cxccpti(mal  cases  of 
heavy  and  violent  rain-storms,  and  these  have 
measured  one  inch  and  sometimes  even  two 
inches  in  an  hour. 

As  to  the  size  of  sewers,  in  Great  Britain 
and  on  the  continent,  experience  has  demon- 
strated that  improper  substances  admitted 
into  sewers  will  obstruct  them,  no  mutter 
what  may  be  their  dimensions,  and  must  be 
removed  by  manual  labor.  To  effectu«lly 
meet  this  evil,  the  earlier  practice  was  to 
make  all  the  sewers  large  enough  to  conven- 
iently admit  men,  to  pass  through  tliem  and 
remove  matter  which  should  never  have 
found  its  way  into  them.  Sewers  constructed 
upon  this  plan  are  costly  to  build  and  keep 
clean ;  they  induce  the  admission  of  refuse 
which  cannot  be  removed  by  water,  but  which 
could  generally  be  carted  away  much  more 
economically  from  the  surface  at  the  points 
of  accumulation  thun  by  being  first  unwisely 
forced  into  sewers,  thence  exhumed  by  tho 
tedious  and  life-destructive  labor  of  the  sewcr- 
Hcavcnger,  and  then  carted  away ;  calling  into 
re<|uisition  a  **  description  of  labor  which  it 
is  improjier  for  huniau  beings  to  perform,  and 
whii'h  ought  to  be  forl)idden,  as  being  false  in 
principle,  and  belonging  to  a  low  ntate  of  art, 
and  as  being  ignorant  or  interested  excuses 
for  the  avoidance  of  the  trouble  and  expeuso 
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of  practicable  aud  efficient  substitutes."  As 
sanitary  measures,  largo  sewers  are  very 
objtictioiiable.  The  constant  accumulation 
of  fuuJ  matter  during  the  dry  season  of  each 
year,  when  the  flow  of  sewage  does  not  k^ep 
the  main  sewers  clean,  wool*!  convert  them 
into  elongated  cess-poob,  and  thuj^  originate 
or  aid  in  prolonging  epidemics  to  a  fearful 
extent.  To  keep  sewers  of  thi.n  magnitude 
clean »  by  flushing  them  with  water  from  the 
public  water  supply  1  would  involve  an  expense 
for  elevating  water  for  this  purpose  alone, 
which  at  present  cannot  be  estimated  ;  except 
in  very  flat  districts,  it  appears  preferable  to 
provide  for  the  removal  of  excessive  rainfalls, 
by  natural  drainage^  or  by  surface  drainage, 
and  to  provide  only  for  the  ordinary  quan- 
tity in  the  underground  system.  The  main 
sewers  of  the  Memphis  works  are  designed, 
when  running  full,  to  discharge  three  times 
the  maximum  quantity  of  sewage  indepen- 
dent of  rain-water,  or  three  times  0.0144 
cubic  feet  per  acre  per  second,  as  heretofore 
determined;  u  e.,  the  sewers  are  made  suffi- 
ciently large  to  carry  into  the  river  sewage 
equal  in  volumo  t"  a  discharge  of  one  inch  of 
rain  in  24  hfiurs.  The  minimum  inclination  of 
the  main  sewers  is  to  be  ^llOK  feet  per  mile, 
which,  in  the  case  of  a  three-feet  sewer,  when 
running  half  full,  will  produce  a  velocity  of 
current  equal  to  2.G  feet  per  second,  or  L4 
miles  per  hour,  calculated  by  Pruny's  for- 
mula. The  actual  velocity,  however,  in  a 
sewer  of  this  size  and  inclination,  when  half 
filled,  is  greater  from  the  fact  that  at  every 
junction  with  its  branches  (provided  tbo 
junctions  are  properly  made)  the  volume  of 
Be  wage  flowing  in  the  main  sewer  roeeivea  an 
increment  of  velocity  arising  from  tbo  greater 
inclination  of  the  branch  sewers. 

In  ail  main  sewers,  however,  there  will  be 
ftocuraulations  of  solid  matter,  and  to  provide 
for  its  deeent  and  economical  removal,  catch 
basins  are,  in  the  best  praotico,  built  under 
the  line  of  the  curb-stones,  at  the  street 
eorners  where  the  surface  water  from  the 
gutters  flows  into  the  sewers.  They  have 
trapped  eonneotions  with  the  sewers,  and 
movable  cast  iron  covers.  At  the  junetifms 
of  the  catch-basin  discharges  with  the  branch 
sowers,  and  at  all  changes  in  the  aUgnments 
ef  sewer«  there  are  also  man-holeis,  loeated  in 
Ike  eenier  of  the  streets,  and  fitted  with  per* 
forated  eovers,  to  faeiUtate  tns))cotion  and  the 
rtimoval  of  deposits,  also  to  ventilate  the 
•ewers.  It  is  also  well  to  place  intermediate 
fiiatiholefl,  every  Ifllj  feet,  to  determine  the 
toeation  of  deposits.     These  may  be  covered 


by  the  pavement,  to  save  cost,  as  thuj  mei 

not  often  bo  uncovered. 

Ventilation  of  Sewers, — Gst*  rr  Wt4 
by  decomposing  organic  matter  in  .■- 
always  dangerouH  to  health.    In  »^t<'^>  ' 
ties  it  poii^omi  the  blood  and  pro^l 
and  those  other  dibeat»e8  eomuii'in.    •     uir* 
zymotic.     In  a  perfectly  undiluted  iftaie  thi 
gas  would  cause  instant  death.      In  hU  tn»  i 
deuce   before  the  Select  Committee  on  tti» 
Sewage  of  Towns,  Dr.  R.  A.  Smith  »tAtei 
that  Hcwage  is  oxidii^ed  even  before  it  leit«t  j 
the    town,   and    that   poi&onouH   ga«e«$,   art] 
evolved  in  large  (^tiantitiea.      Whenever  tJi»| 
temperature    rises  to  about    54*^1  which  if  ^ 
the   usual  temperature  of  bewdrs,   oxidation  i 
in  intensely  rapid.     The  gaaetf  an?  geoerdljj 
as  follows : 

C»rbuolo  aoid...   ">.    ••••••••»•••••  §^4 

Nitriigi?n , 1.0 

Bulphoreiled  hjdrogc'ii , V$ 

CArbooifl  oxide,   b^drogen,   mnd  car* 

burettfld  tijdrogeo    ..,.•*•••#•..••  0,4 

The  motion  of  the  liquids  cooiitaiiily  es* 

poi^ea  fresh  matter  to  tbo  influeiK^e  of  the  air* 
and  the  8oLid  matter  deposiited  in  ike  i^wect  I 
or  adhering  to  the  sidea,  being  in  an  advanced  j 
8tate  of  deeomjKiMition,  the  exhalaUoiuiaii4C| 
the  most  deadly  character. 

What    becomes  of  theae  gaaeal     It  httl 
been  ^uppo^ed  by  some  thai  the  oarbonio  acid  I 
ga^  being  heavier  than  air,  Ends  it»  way  to  i 
the  outfall  and  is  dissipated  in  the  air;  tUl 
is  clearly  an  error ;  the  law  of  gaaeouit  diffa- 
sion   militates   against    this    thtM^rv.       The 
con!<tantIy  accumulating  gas  is  f  ^od 

highly  concentrated  by  the  tein-  in 

the  sewers,  and  as  soon  as  the  pressure  ot  thk 
exceeds  the  hydrtistatic  pressure  of  tht  iraier 
in  the  traps  it  oseapes.  The  bubbling  ooije 
not  uncommonly  heard  in  clo«etsand  sink  Impi 
is  caused  by  gas  escaping  in  this  way ;  mow- 
over,  sewer  gases  are  extremely  auluhie; 
water  readily  abaorbs  more  than  its  own  vol* 
nme  of  carbonic  aoid  gas*,  consenucnlly  the 
water  in  the  traps  rapidly  become  highly 
charged  with  sewer  emanations,  which  oanit 
it  to  putrefy  and  evolve  mosi  daagenM 
gases  into  the  apartment. 

The  ventilation  of  sewers  by  grtitt**  npeo*  | 
ing  into  the  streets — the  doli\< 
gases  into  the  very  midst  of  the  st  i  ^ni 

and  into  the  doors  and  windows  of  hoviso 
hardly  a  remedy  of  the  evit  To  disij 
sewer  gases  before  they  can  reach  the  etreci^ 
vegetable  oharooal  spread  lightly  on  a  pcp» 
forated  tray  or  basket  has  been  &xed  in  oobi 
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nection  with  the  man-holes.  When  dry  it 
effectually  purifies  the  gases,  but  as  it  ab- 
viirbs  water  rapidly  it  reijuires  to  bo  renewed 


of  ground,  about  four  acres  in  extent,  was 
laid  out.  The  sewage  water,  merely  ]>asBes 
along  the  small  channels  which   bound  the 


frequently.  The  steam  and  damp  vapors  beds,  in  which  various  kinds  of  plants  are 
from  the  sewers  will  in  short  time  render  it '  cultivated,  but  especially  roots ;  the  water 
iiaeIe;M.  Elaborate  and  expensive  ventila- 1  filters  through  the  soil,  feeds  the  plants  and 
ting  chambers  have  been  erected  on  this ;  leaves  in  the  channels  a  valuable  deposit, 
plmn  in  West  Ham  and  some  other  places. !  which  is  incorporated  with  the  soil  and  which 


The  process  is  theoretically  correct,  but  its 
jiraetical  value  is  very  doubtful,  for  the 
reasons  stated.  It  has  been  proposed  to  con- 
nect the  sewers  with  factory  or  other  ehim- 
nejA,  8o  that  the  gases  may  be  discharged 
into  the  air  at  a  great  elevation.  There  is 
reason  to  believe  that  this  method  may  be 


applied  to  bare  land  in  winter  produces  the 
same  effect  as  good  manure,  and  prepares  the 
soil  for  spring  crops.  No  other  kind  of 
manure  is  ever  used  at  the  Clichy  establish- 
ment. The  products  are  of  excellent  quality. 
From  November,  1807,  to  July,  18(58,  2(5,- 
000  tons  of  sewage  water  have  been  applied 


made  successful.  The  expense  of  building :  to  the  soil  there ;  the  water  is  therefore  puri- 
^pecial  chimneys  and  keeping  up  a  furnace  .  fied  naturally,  and  at  the  same  time  ac<|uire3 
^ould  be  too  great  to  be  entertained,  imless 


all  other  reasonable  schemes  result  in  fail- 
ure ;  but  if  a  factory  chimney  exists  near  the 
ranunit  of  a  sewer,  a  connection  can  be  made 
with  very  little  expense.  A  small  central 
'•himncy  B'ould  be  useful  only  for  a  short 

range;  the  air  would  be  drawn  with  great    

fi»rce  into  the  sewer,  through  the  traps  in  the  \  properly  conducted  and  the  ground  suitable 
neighborhood  ;  while  the  sewers  at  a  distance  !  in  cliaracter,  the  sewage  is  deprived  of  all  oh- 
would  not  be  affected  in  the  slightest  degree.  |  jectionable  smell  and  appearance,  and  may 
llain-water  spouts  have  been  used  in  mmie  '■  then  be  saf.  ly  permitted  to  flow  into  such  a 
insUnces ;  but  the  objections  to  this  system  river  as  the  Clyde  or  into  the  sea  on  any 
are  numerous.     During  heavy  storms,  when 


a  commercial  value  which  is  estimated  at 
about  one  halfpenny  per  ton. 

The  report  of  Messrs.  Bateman  and  Bazal- 
gettc  on  the  sewage  of  Glasgow  says :  The 
application  of  sewage  to  land  has  not  only 
resulted  in  an  amazing  increase  of  its  pro- 
ductiveness, but,  where  the   application  is 


ihe  sowers  are  being  rapidly  filled  with  water 
and  when  Mtme  outlet  is  specially  required,  the 


part  of  the  coast.     Probably  the  most  nota- 
ble instance  of  the  successful  agricultural 
-  application  of  the  sewage  in  this  way,  is  over 


spouts  are  reiiuired  for  their  legitimate  fune-  ;  the  Craigentiuny  meadows  near  Edinbur«ih, 
tion ;  besides  which,  leaves  and  birds*  nests  ]  where  the  land  has  been  made  to  produce  40, 
ran^e  frequent  obstruction.  The  gases  would,  1 50  and  (50  tons  of  grass  per  acre,  per  annum, 


uioreover,  be  discharged  into  the  immediate 
■ei^hborhood  of  bedroom-windows. 

The  corporation  of  Liverpool  has  recently 
incurred   great  expense  in  the  endeavor  to 


which  is  generally  sold  to  persons,  who  cart 
and  carry  it  away  themselves,  for  prices 
generally  exceeding  £30  per  acre,  and  in 
some    instances   upwards   of  £40.     There, 


wive  this  important  problem.     Over  1,000   however,  the  mode  of  application  has  been 
iron  shafts,  about  eight  in.  in  diameter,  with   defective — the  ground  has  been   overdosed 
revolving  ^ps,  have^been  fixed  in  corners  or  j  with  sewage,  and  its  objectionable  qualities 
A  1  .    .1  \\fjk\e  not,  therefore,  in  a  sanitary  point  of 


recewes.  These  shafts  are  joined  to  the  sew 
m  in  convenient  places,  and  are  also  car- 
ried fiir  above  any  windows.  A  great  re- 
4action  in  the  rate  of  mortality  has  followed 
their  adoption. 

AppMrATiox  OF  Sewage  to  Aoricul- 
TCRE. — The  following  are  recent  facts  re- 
;rarding  the  experiments  on  the  application 
i«f  sewage  to  agriculture,  at  Paris.  Two 
uethiMls,  which  may  be  called  the  agricul- 
tural and  the  chemical,  were  to  be  tried  sim- 
ultaneously. A  laboratory  was  also  fitted 
lip  for  the  diiily  analysis  of  the  sewage  water. 
Near  the  nif)uth  of  the  great  sewer  at  Asni- 
eres,  a  e^-ntrifugal  pump  capable  of  raising  500 
fmu  of  liquid  per  day,  was  erected  and  a  plot 
Vol.  L— No.  3—18. 


view,  been  wholly  removed.  At  Croydon, 
the  purification  of  the  sewage  of  that  town, 
by  passing  over  grass  lands  in  the  immedi- 
ate neighborhood,  has  been  so  successful 
that  people  residing  close  up  to  the  sewage- 
irrigated  land  do  not  complain  of  any  nui- 
sance ;  and  so  entirely  devoid  of  color, 
smell,  or  taste  is  the  sewage,  after  having 
passed  over  the  ground,  that  on  comparing 
a  bottle  of  it  with  a  bottle  of  water  from 
Loch  Katrine,  without  knowing  in  which 
bottle  the  respective  waters  were  contained, 
one  of  us  actually  selected  the  (Croydon  sew- 
age water  as  being  that  whitrh  he  believed 
was  Lock  Katrine  water.     Similar  results 


^JK) 
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have  attcudcd  its  application  at  Rugby,  Car- 
lible,  Barking,  and  other  places  ;  and  there 
can  therefore  beuo'doubt  whatever  that  foul 
sewage,  after  being  properly  and  sufficiently 
passed  over  suitable  land,  and  applied  to 
suitable  crops,  may  be  w^holly  deprived  of 
its  offensive  character.  The  land  which  it 
appears  is  best  adapted  for  effecting  this 
purification,  is  well  drained  friable  clay  or 
sandy  loam,  free  enough  to  absorb  the  sew- 
age and  gradually  allow  it  to  filter  through, 
but  not  so  free  or  open  as  to  hUow  it  to  pa.ss 
through  too  quickly.  Sands  and  gravels, 
too,  appear  to  produce  this  disinfecting  re- 
sult, and  all  crops  are  apparently  suiied  for 
the  reception  of  sewage,  though  that  to 
which  it  can  be  most  readily  applied,  and 
which,  perhaps,  in  its  turn  produces  the 
most  beneficial  result  in  its  purification  of 
the  sewage,  is  gra^s  land,  especially  rye 
grass,  cut  green  and  carted  from  the  ground. 

The  application  of  sewage  to  agriculture  has 
met  with  two  serious  drawbacks  in  England. 
At  first  the  local  authorities  and  the  farmers 
were  at  open  war,  and  everything  was  carried 
on  under  compulsion.  No  sooner  did  the 
local  boards  discontinue  the  pollution  of  the 
natural  water-courses,  and  apply  the  fecal 
contamination  to  the  land,  than  it  became 
necessary  to  endow  them  with  power  for  the 
compulsory  purchase  of  land  needed,  as  no 
farmer  would  willingly  permit  them  to  use 
his  fields  for  the  purpose.  As  the  prejudiced 
mind  of  the  agriculturist  became  more  en- 
lightened by  the  undoubted  success  and  value 
of  sewage  irrigation,  it  began  to  entertain 
another  grave  error,  viz:  that  the  only  dif- 
ference between  the  present  and  future 
methods  of  manuring  land  consists  in  the 
substitution  of  one  fertilizer  for  another. 
This  is  a  serious  mistake.  The  one  is  a 
fimple  and  primitive  mode,  capable  of  de- 
sign and  execution  by  any  common  farm 
laborers ;  the  other  is  an  accurately  and 
carefully  planned  project,  requiring,  from 
first  to  last,  a  high  degree  of  professional 
skill,  and  technical  knowledge  and  ability. 
Thus  it  is  that  in  the  few  instances  where 
the  agriculturist  has  been  his  own  engineer, 
his  attempted  utilization  of  sewage  has 
eventuated  a  miserable  failure,  greatly  to  his 
own  surprise  and  chagrin,  and  also  to  the 
detriment  of  the  principle  which  he  tried  to 
put  into  execution,  llegjirdmg  sewage  irri- 
gation as  applicable  to  every  description  of 
crop,  it  must,  in  every  instance,  necessitate 
«omc   preliminary   preparation,    or   surface 

rmatioD  of  the  land,  which  it  is  intended 


to  irrigate.  This  circumstance  maiiibr 
contributed  to  the  restriction  of  sewage  irri- 
gation principally  to  grass  cropi<,  whieh  ad- 
mit of  a  very  reckless  and  unscientific  die- 
*tribution  of  the  fertilizing  fluid.  The  caw 
is  otherwise  where  cereal  crops  are  concerned. 
According  to  the  physical  contour  of  the 
land,  so  will  the  preparation  of  its  surfarr 
l>e  more  or  less  expensive.  As  the  ground 
must  be  prepared  for  a  railway  before  the 
permanent  way  can  be  laid,  so  is  a  siuiilir 
I  operation,  in  a  minor  degree  necessary  tn 
I  insure  the  proper  and  remunerative  di^poail 
of  sewage. 

Artificial  Purification  of  Skwage. 
— Various  schemes  for  this  purpose  hivr 
been  tried  and  many  others  are  on  trial  and 
proposed.  The  Paris  experiments  before 
referred  to,  ate  as  follows:  A  solution  of 
sulphate  of  alumina  is  made  in  the  propor- 
tiitus  of  two  hundred  weight  of  the  alum  to 
lUOO  litres  of  water,  and  two  litres  of  this 
solution  were  used  for  every  ton  of  sewage 
to  be  purified.  The  price  of  the  alum  de- 
livered at  Cliehy  amounted  to  eleven  franet 
per  100  kilos.,  about  4s.  6d.  per  hundred- 
weight, making  the  expense  of  purifyingaton 
of  sewage  something  less  than  one  farthing. 
Lately  a  pure  tolution  of  the  sulphate  has 
been  obtained  ;  one  pound  is  mixed  with 
two  or  three  times  its  own  volume  of  water, 
for  every  ton  of  sewage  to  be  purified.  The 
solution  costs  about  one  shilling  per  hun- 
dredweight, and  the  expense  of  purificatiou 
thus  only  amounts  to  one  centime,  or  Ics^ 
than  the  tenth  of  a  penny.  The  mode  of 
carrying  on  the  operation  of  clarification  if 
very  simple ;  the  sewage  water,  after  having 
received  its  dose  of  solution,  is  iitlmitted  into 
the  basins,  which  it  traverses  slowly,  whilv 
the  particles  in  suspension  are  depositeil  as 
in  the  operation  of  fining;  the  water  flowing 
out  of  the  basin  is  so  pure  that  it  may  h^ 
turned  into  the  river.  The  basins  are  emp- 
tied about  once  in  six  weeks,  and  their 
deposit  is  removed  without  difficulty.  The 
clarification  occupies  less  than  ten  hours: 
the  water,  black  on  entering,  becomes  of 
a  greenish  tinge  as  soon  as  the  solution  of 
alum  has  mixed  with  it,  and  passes  off  it 
the  further  end  of  the  basin  pure.  The 
manure  left  at  the  bottom  dries  readily  when 
>  the  layer  is  not  much  more  than  four  inche« 
I  thick.  It  passes  from  black  to  bro^^n. 
I  cracks,  and  assumes  much  the  look  of  cork. 
1  Very  little  smell  is  given  off"  either  from  ihf 
I  basins  or  the  irrigating  gutters;  the  guseouJi 
I  matters  are  almost   immediately  consume^ 
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ir  and  light.  The  precipitated 
DD tains  from  fourteen  pounds  to 
louuds  of  nitrogen  per  ton.  More 
iJOO  tons  sewage  water  have  been 
Ln  twelve  months,  producing  about 
of  precipitate.  The  composition 
"e  of  this  precipitate  place  it  exactly 
ng  in  all  respects  with  the  refuse  of 
»t  from  the  public  streets.  Side  by 
the  practical  experiments,  careful 
examinations  are  pursued  in  the 
y.  As  already  stated,  a  ton 
ewage  water  cuntaitis  about  six 
f  various  foreign  matters;  azote, 
c  acid,  alkalies,  organic  and  earthy 
The  precipitate  cuntains  half  the 
the  phosphoric  acid,  and  most  of  the 
id  earthy  matters,  while  the  clarified 
ds  in  solution  the  other  half  of  the 
1  all  the  alkaline  matters.  From 
n  the  values  of  sewage  water  are  as- 
to  be  as  follows :  A  penny  a  ton  for 
as  it  exists  in  the  sewer  collector, 
precipitate  about  eighteen  shillings 
the  total  quantity  poured  into  the 
lly  averages  200  tons,  so  that  the 
;he  sewage  water  would  amount  to 
00,000  per  annum. 
.  B.  C.  process  of  Mr.  Sillar  about 
much  is  said  in  the  EngHsh  papers, 
from  the  initials  of  its  three  prin- 
;redients,  animal   charcoal,    blood, 

When  this  compound  is  suspended 
and  added  to  the  sewage,  a  precipi- 
rge  flakes  is  immediately  produced; 
rnaCant  liquor  is  drawn  off  into  a 
a  small  quantity  of  perchloride  of 
ition  added.  The  iron  compound 
remove  the  sulphuretted  hydrogen. 
en  found  convenient  to  add  a  cer- 
ortion  of  alum,  since  the  process  is 
ccelerated.  This  process  was  tried 
«ter,  where  the  lime  process  had 
y  been  used.  Dr.  Fraukland*s  re- 
n  it  says :  The  purification  of 
lay  be  conveniently  considered  un- 
leads — 1st,  clarification,  or  the  re- 
subpcnded  matters,  so  as  to  make 
ting  1  quid  more  or  less  clear  and 
nt ;  and  2d,  removal  of  matters  in 

The  suspended  matters  contained 
3  are  well  known  to  undergo  rapid 
ion  and  to  bccume  very  offensive ; 
Qtly  their  removal  either  by  filtra- 
rbemieal  treatment  constitutes  in 
important  amelioration  in  sewage. 
iquid  so  clarified  contains  in  solu- 
;:h    Ditrogeucous    organic   matter, 


which  is  prone  to  become  putrid  even  when 
mixed  with  a  considerable  volume  of  river 
water. 

In  conclusion,  the  results  of  the  experi- 
ments may  be  thus  summarized  : 

'*  1.  The  Sillar  and  lime  processes  remove 
to  a  great  and  nearly  equal  extent  the  sus-  . 
pended  matters  contained  in  sewage. 

'*  2.  Sillar's  process  increases  the  amount 
of  dissolved  solid  impurity  in  sewage,  but 
reduces  the  quantity  of  putrescible  or^nic 
matter.  The  lime  process  reduces  both  the 
amount  of  dissolved  solid  impurity  and  the 
([uantity  of  putrescible  organic  matter  ;  the 
reduction  of  the  last  being  about  the  same 
as  that  effected  by  Sillar's  process,  viz: 
rather  more  than  one-half. 

"  3.  To  the  manufacturer  of  solid  manure 
from  sewage,  Sillar's  process  is  greatly  su- 
perior to  the  method  of  treatment  by  lime, 
although  it  fails  to  extract  from  the  liquid 
more  tban  a  very  small  fraction  of  its  valua- 
ble constituents." 

Advantages  op  Irrtgatiox  over  Be- 
ODORIZATION. — The  report  of  Dr.  Frank- 
land  further  concludes :  **  Like  all  chemical 
methods  hitherto  invented,  both  processes 
fail  in  purifying  sewage  to  such  an  extent  as 
to  render  it  admissible  into  running  water. 
It  still  remains  a  fact*that  no  chemical  pro- 
cess is  known  which  even  remotely  approaches 
irrigation  in  its  efficiency  as  a  purifier  of 
sewage.'* 

The  report  of  Messrs.  Bateman  and  Bazal- 
gette,  before  ([uoted,  says :  '*  All  attempts  at 
j  deodorization  or  precipitation  on  a  large 
senile  have  hitherto  so  completely  failed, 
either  commercially  or  chemically,  that,  in 
(mr  opinion,  the  idea  of  correcting  the  evil 
by  any  such  process  need  not  be  regarded ; 
and  hence  it  becomes  necessary,  either  to 
turn  tlie  sewage  in  its  natural  condition  into 
the  sea  at  some  point  sufficiently  distant  from 
po])ulous  places  or  districts,  or,  by  allowing 
it  to  pass  over  a  sufficient  area  of  suitable 
lands  to  clear  it  of  all  objectional  character, 
and  to  render  it  so  pure  that  it  may  without 
fear  of  creating  a  nuisance  be  turned  into 
the  river  or  the  sea."  The  '*  Engineer"  in 
discussing  this  subject,  concludes  that  every 
discripti(m  of  disinfecting  and  deodorizing 
nostrum  has  been  allowed  a  fair  trial,  and 
the  practical  result  has  been,  without  excep> 
ti(m,  a  complete  failure.  They  all  come  to 
grief  in  one  of  two  ways,  and  generally  in 
both.  They  all  have  failed  to  convert  the 
solid  or  semi-solid  residue  into  a  market- 
able   manure,    which    will    sell,    speaking 
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broadly,  for  anTthing.  A  few  of  them  have 
been  successful  in  purifying  the  sewage  so 
tar  that  the  liquid  might  be  run  into  a 
stream,  where  the  owners  were  not  over  par- 
ticular. This  is  nothing  more  than  a  feat 
that  any  decently  educated  chemist  could 
accomplish.  The  only  real  and  efficient  pu- 
rifier of  sewage  is  the  soil,  and  no  chemical 
process  has  been  yet  discovered  which  will 
effect  this  object  and  at  the  same  time  retain 
or  fix  the  valuable  fertilising  ingredients. 
From  the  recent  report  of  the  results  ob- 
tained at  Barking  Farm,  it  will  be  perceived 
that  there  is  no  longer  any  doubt  upon  the 
Hubject.  In  spite  of  the  poverty  of  the  soil 
at  Barking,  the  sewage  has  been  able  to  con- 
fer upon  it  all  the  fecundity  belonging  to  the 
richest  lands.  Splendid  cereal  crops,  fields 
of  bulbs  and  roots,  have  resulted  from  the 
application  and  the  thoroughly  efficient  man- 
ner in  which  the  farming  operations  are 
conducted. 


THE  SUEZ  CANAL 


USE- 


PRESENT      STATE  — PARTICULARS  — 
FULNESS — ENGLISH  OPINIONS. 

In  a  communication  to  Paris,  M.  de  Les- 
aeps  states  that  a  small  schooner,  "  La 
Levrette,"  has  recently  passed  through  the 
Suez  Canal,  and  that  8ix  vessels  belonging 
to  the  Egyptian  fieet  are  about  to  pass  from 
one  sea  to  the  other.  It  now  may  be  safely 
said  that  this  canal  is  opened  for  vessels  of 
bmall  tonnage;  and  in  six  months'  time 
ahips  of  !rom  '2,0UO  to  8,0(X)  tons  burden 
will  be  able  to  make  use  of  it. 

The  Sues  Canal  is  about  90  miles  long, 
and  will  be  32S  foet  wide  at  the  water  line. 
74  feet  at  the  bottom  and  2(3  feet  deep.  The 
»lo(>es  under  water  are  very  flat — five  to  one. 
The  excavation  will  have  required  the  re- 
moval of  96,CK)0,000  yards  of  earth.  The 
work  presents  no  engineering  difficulty  ex- 
cept magnitude.  The  cost  is  estimated  at 
60,000,0(K)  to  75.0iK),OOi»  dollars  gold. 

As  to  the  usefulness  of  the  canal,  the 
Dutch  Commission  report  that  it  will  help 
sailing  vessols  bound  beyond  the  Indian 
Ocean  very  little — ten  or  fifteen  days  in 
ItH);  but  that  it  will  save  steamers  fifteen 
to  seventeen  days  in  a  voyage  of  60  to  70 
days.  The  rate  «»f  toll  is  not  decided,  and 
it  is  stated  that  steamers  will  not  he  allowed 
to  use  their  own  propellers,  hut  will  be  towed 

some  means  that  will  not  wash  the  banks. 


The  English  papers  are  '*  calculating**  thai 
it  will  hardly  pay. 

An  American  scientific  writer,  sojouniiDg 
in  London,  ten  years  ago,  prepared  an  eb- 
borate  article  favorable  to  the  Suei  CanaL 
The  article  was  thrown  out  by  the  proprietor 
of  the  journal  to  which  it  was  contribnted. 
But,  said  the  writer.  "  the  project  must  su^ 
ceed — there  are  no  insurmountable  dififieol* 
ties."  To  which  the  proprietor  replied  to 
this  effect,  and  his  reply  sums  up  the  British 
opinion  of  the  period:  *'Tke  Suei  Canal  if 
not  recognized  as  a  proper  subject  for  pro- 
fessional discussion  in  England.  English- 
men have  determined  that  it  should  not 
succeed."  But  British  opinion  is  subject  to 
change  on  this  as  on  other  sulijects,  and  the 
**  Practical  Mechanic's  Journal"  now  makes 
this  handsome  acknowledgement. 

The  Suez  Canal — after  years  of  labor 
and  perseverance  againt  every  obstacle  and 
discouragement,  enough  alone  to  immortalize 
the  names  of  Lesseps  and  those  who  have, 
like  his  able  contractors  Lavalle  and  Borell, 
stood  staunchly  by  him  through  eyeiy  difi- 
culty — at  last  begins  to  prove  itself  to  the 
world  at  large,  and  even  to  the  most  incred- 
ulous eye,  as  about  at  an  early  period  to  be 
accomplished.  In  fact,  in  some  sense,  it  is 
so  already.  The  Sweet  Water  Canal  has 
'•  already  conferred  great  agricultural  benefits 
!  upon  the  country  through  which  it  passes, 
[  and  must  prove  hereafter  a  source  of  on- 
I  countable  riches  to  Egypt,  and  of  great  rev- 
I  enue  to  the  canal  company.  The  English 
:  engineer  who  showed  himself,  as  regards  this 
;  Suez  Canal  quesiion,  the  only  competent  one 
'  — for  Mr.  John   Ilawkshaw,  in  his  able  re- 


;  port,  boldly  stated  that  it  was  not  only  prae- 

jticable  but  easy  to  construct,  and  that  the 

.  dogmata   of  Robert  Stephenson  as  to  the 

impossibility  of  ke-ping  it  open  were  purely 

chimerical — has  stated,  that  he  would  under- 

\  take  to  irrigate  the  whole  land  of  Egypt,  i. 

I  f.,  all  its  tillable  land,  from  that  can:il. 

I      A  condition  produced  by  the  relations  of 

'  the  salt  water  or  great  ship  canal  and  the 

1  arid  climate  of  Egypt,  which   Stephenson 

!  never  thought  of,  has  since  been  carefully 

taken  into  account,  and  it  is  now  certain  that 

'  whenever  the  sea  shall  be  let  into  and  fill 

the  Bitter  Lakes,  the  evaporation  from  the 

water  surface  alone  will  be  such  as  to  cau^ 

a  considerable  current  through  the  canal, 

which,  according  to  Stephenson,  would  he 

''  no  more  than  a  stagnant  ditch  ;"  indeed, 

the  question  has  been  raised  whether  the 

;  scour  due  to  this  cause  and  to  alternate  ac 
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tion  of  the  tides,  thoagh  these  are  small  at 
either  enJ,  may  not  prove  more  than  desira- 
ble. The  effect,  however,  of  this  evaporation 
will  unqvcstionably  be  to  totally  and  rapidly 
change  the  whole  climate  of  Egypt,  so  that, 
irrespective  of  any  irrigation,  it  will  probably 
become  aofficiently  moist  to  gradually  put 
•n  end  to  the  Egyptian  Sahara,  through  the 
anseen  working  of  the  forces  of  nature. 
Should  this  even  in  a  minor  degree  be  real- 
ised, and  there  can  be  little  doubt  upon  the 
subject,  it  will  be  probably  the  most  won- 
derful result  in  the  modifying  of  cosmical 
forces  as  found  in  nature  ever  achieved  by 
human  means. 

Knglind  has  all  along  occupied  a  most 
unenviable  and  unfortunate  position  as  re- 
gards this  grand  project,  of  which  France 
may  be  so  justly  proud,  and  the  completion 
of  which  we  hope  the  Emperor  may  live  to 
see,  and  to  know  that  it  will  be  one  of  the 
events  by  which  history  will  mark  his  reigu. 
But  we  will  not  go  back  upon  the  unpleasant 
track  of  misjudged  policy,  mainly  due  to 
Lord  Palmerstou's  political  prejudices  as  to 
Eastern  affairs,  sustained  by  K.  Stephenson's 
engineering  misjudgmcnt,  in  which  the  facts 
and  deductions  were  fitted  for  the  political 
foregone  conclusion,  rather  than  to  nature 
and  reality.  The  recent  tardy  sort  of  half 
retraction  of  ancient  opposition  anil  preju- 
dice on  the  part  of  the  Thnen^  and  some 
other  English  leaders  of  opinion,  is  but  a 
pitiful  dis^play  of  grudgingly  admitted  error 
and  half-given  praise,  'ihe  old  story,  ''it 
will  never  pay,''  however,  is  t^till  raised,  but 
no  attempt  is  made  upon  any  solid  and  hcu- 
sible  baHis  of  figures,  in  Great  Britain  at 
leaiftt,  to  prove  that  that  is  so. 


RAILWAY  ACCIDENTS. 

HASTY    CONSTRUCTION — IMPERFECT 
EARTHWORKS. 

The  '*  Railway  News"  divides  railway 
ai'cidcntN  into  two  classes ;  those  arising 
from  moral  causes,  such  as  diHobedieneo  of 
orders,  and  those  arising  from  physical 
causes,  f*uch  as  mal-const ruction.  Particu- 
lar reference  is  made  to  the  settling  of  em- 
bankments. A  few  inches  above  section 
line  arc  generally  allowed,  but  it  is  never 
enough  ;  embankments  have  been  known  to 
iFhrink  a  foot  to  the  yard — that  is  to  say,  an 
embankment  of  thirty  feet  high,  left  full 
height,  has  been  known,  after  excessive  rain, 
to  nink  ten  feet  and  some  even  more  than 
this — ^sand-banks  not  so  much.     Here,  then. 


is  the  primary  cause  of  numerous  railway 
accidents.  The  construction  of  railways  is 
always  hurried  forward ;  cuttings  and  em- 
bankments are  often  begun  and  finished 
before  any  wet  has  been  on  them  ;  they  are 
prettily  carried  out  and  completed  according 
to  the  plans  and  sections,  the  sides  are 
nicely  soiled  and  sown,  and  the  young  engi- 
neer, having  his  exact  depth  of  cutting, 
exact  height  of  embankment,  and  exact 
two  feet  of  ballast,  all  according  to  specifi- 
cation, is  satisfied.  In  nine  times  out  of 
ten  the  practical  navvy  knows  this  is  wrong; 
but  it  matters  not  to  him.  He  must  obey 
the  engineer,  and  he  gets  paid;  and  in  the 
contingency  mentioned  he  may  possibly  get 
paid   a  second   time   for  the   same   work, 

Banks  should  be — and  are  supposed  to  be 

constructed  of  half  round  form,  the  centre 
six  inches  higher  at  least  than  the  sides,  in 
order  that,  when  the  water  makes  its  way 
through  the  ballast,  it  may  meet  this  convex 
formation,  and  so  be  sent  both  sides  out 
over  the  embankments — good  in  principle 
and  cft'ectually  preserving  banks  in  good 
order  when  thoroughly  carried  out ;  for  it 
is  not  the  quality  of  rain  that  falls  that 
spoils  banks  and  renders  them  dangerous, 
but  the  <|uantity  that  finds  its  way  into  their 
centers.  But  on  the  contrary,  when  the 
rain  comes  the  banks  go.  'Ihe  ballast  !?< 
now  on ;  they  cannot  bo  opened  out  and 
remade,  because  of  the  traflie  and  for  other 
reasons  ;  t>o  more  ballast  is  heaped  on,  as 
many  feet  of  it  in  many  instances  as  there 
should  be  inches,  the  consequence  being 
that  the  symmetry  of  the  bank  is  lost,  the 
rotundity  between  ballast  and  formation  ifi 
gone,  the  water  settles  into  the  embankment, 
and  ballast  for  the  future  docs  more  harm 
than  good,  the  water  finding  its  way  out  by 
means  of  slips  and  other  channels  that  strain 
the  permanent  way.  The  sleepers  may  hi' 
sound,  the  rails  good,  and  the  fastenings  of 
the  most  approved  kind ;  but  if  this  strain, 
unprovided  for  in  office  books,  comes  on, 
away  goes  the  road,  and  under  some  extra 
speed  or  weight,  or  during  the  48  hour^ 
between  Saturday  and  Monday  that  the 
platelayer's  watchful  eye  is  off  his  beat,  the 
fastenings  are  unfairly  tried,  the  guage  is 
forced  out,  and  off  goes  the  train. 

This  was,  no  doubt,  the  case  at  Tuxfor^l, 
on  the  (ireat  Northern,  some  five  or  Pix 
years  ago.  About  two  years  ago  it  was  tlw 
cause  of  that  terrible  acoidont  on  a  heavy 
bank  on  the  Chatham  and  Dover,  and  more 
recently,  on  the  branch  line  between  Lcam- 
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ington  and  Rugby,  this  was  evidently  the 
real  cause  of  the  accident.  Of  course  acci- 
dents occur  on  banks  and  in  cuttings  too 
from  other  causes,  and  it  is  not  denied  that 
sharp  curves  and  steep  gradients  do  their 
part;  but  the  above  is  chiefly  the  cause  of) 
the  class  of  accidents  we  are  now  discussing, 
and  they  are  only  to  be  avoided  by  the  non- 
ballasting  of  embankments  until  they  have 
had  two  or  three  seasons  on  them,  and  have 
had  time  to  become  permanently  consolida- 
ted. If  lines  must  be  opened  before  that 
occurs,  less  risk  a  thousand  times  to  run 
(at  reduced  speed,  if  you  like)  over  banks 
without  any  ballast  at  all.  By  good! 
management  and  constant  packing,  the  roadj 
can  be  maintained  almost  as  well  without, ! 
as  with  ballast;  indeed,  very  much  better! 
than  on  banks  where  the  super-quantity  of  I 
ballast  acts  only  as  a  perfect  trap  to  catch 
and  hold  all  the  rain  that  falls ;  and  then, 
after  two  or  three  winters  have  been  on  the 
banks,  the  road  may  be  finally  lifted,  set, 
and  ballasted,  and  it  will  never  cause  either 
trouble,  uneasiness  or  accident. 


PROGRESS  OF  ELECTRO-METALLURGY. 

OOATINQ  ships'  BOTTOMS — SILVER  PLAT- 
ING,    ETC. 
From  the  <<  Mochanios*  Magaiine." 

In  the  year  that  is  just  ended,  but  little 
has  been  added  to  our  knowledge  of  the  laws 
of  the  electro-deposition  of  metals,  and  not 
a  great  deal  to  the  application  of  laws  al- 
ready known ;  still,  some  progress  has  been 
made,  in  the  modes  of  carrying  out  these 
arts.  Last  year  we  noticed  a  new  applica- 
tion of  electro-coppering,  as  applied  to  the 
coating  of  ships  for  the  prevention  of  foul- 
ing and  corrosion,  which  had  then  but  new- 
ly been  tried,  and  wo  were  then  in  hopes 
thut  by  its  means  copper  wouhl  soon  be 
successfully  applied  to  the  bottoms  of  ships 
for  their  protection,  but  yet  little  progress 
has  been  made  in  that  direction.  Not  that 
a  firmly-adhering  coating  of  copper  cannot 
be  applied  to. iron  ;  we  have  seen  this  done 
repeatedly;  but  the  difficulty  is  in  applying 
it  to  ships.  It  can  be  done  to  ships*  plates 
before  being  built  into  the  ship;  but  the 
rivets  must  bo  coppered  also — yet,  if  copper- 
ed, how  are  they  to  bo  riveted  ?  Even  if 
copper  rivets  were  admissible  on  the  score  of 
cost  and  strength,  they  could  not  be  on  the 
score  of  electric  action.  For  if  they  con- 
tained lead,  as  almost  all  commerical  copper 


does,  they  would  become  electro-negative  to 
the  electro-plastic  copper,  and  s>o  assist  to 
destroy  the  coating  of  the  plates.  It  if 
true  that  electro-plastic  copper  could  he 
made  into  rivets,  but  this  would  be  at  double 
the  cost  at  least,  and  this  would  eiihaucetke 
price  enormously,  the  rivets  required  being 
both  very  large  and  numerous.  But  besides 
these  considerations,  copper  rirets  woald 
not  be  strong  enough.  Are  we,  then,  to 
give  up  all  hope  of  coating  iron  ships  with 
copper  ?  By  no  means  ;  but  it  will  not  be 
by  the  direct  application  of  the  copper  to 
the  iron.  We  think  the  difficulties  of  snch 
a  process  are  too  great  to  be  successfully 
overcome.  The  process  which  appears  tons 
most  likely  to  succeed,  is  to  coat  the  plates 
of  iron  with  copper  by  electrolysis  (the  iron 
giving  strength),  and  with  these  plates  to 
sheath  the  bottom  of  the  ship,  between  the 
the  sheathing  and  the  ship  an  insulating  sub- 
stance being  interposed.  Of  course,  in  this 
way,  a  ship  could  be  sheathed  with  ordinary 
commercial  copper,  but  the  sheets  would 
have  to  be  of  sufficient  thickness  to  prevent 
buckling  and  bulging  from  the  insulating 
material,  so  that  with  plates  wholly  of  cop- 
per the  sheathing  would  be  six  or  eight 
times  the  cost  of  that  we  have  hinted  st. 
We  should  like  to  see  thin  iron  plates  coat- 
ed with  copper,  applied  as  sheathing  on  s 
large  scale.  We  have  seen  it  tried  on  s 
small  one,  and  have  but  little  doubt  of  its 
success  on  the  large. 

In  electro-coating  with  silver,  as  spplied 
to  copper,  brass  and  (rcrman  silver,  there  is 
nothing  new ;  except  with  regard  to  the 
coating  of  the  alloy  of  lead  and  tin  (common 
soft  solder)  with  silver.  This  practice  has 
become  much  more  extended,  and  is  a  decep- 
tion and  a  cheat.  The  forks  and  spoons  ars 
roughly  made  of  a  comnnm  kind  of  Crcrman 
silver,  or,  rather,  a  highly  speltered  brass 
without  a  particle  of  nickel  in  it,  and  then 
coated  with  common  solder  by  immersion  in 
the  melted  metal;  they  are  then  easilj 
nibbed  down  smooth,  and  the  expense  of  fil- 
ing,burnishing  and  polishing  saved,  and  thii 
is  the  reason  why  this  practice  has  been  re- 
sorted to.  There  certainly  is  more  difficult/ 
to  the  ordinary  practitioner  in  coating  thii 
alloy  with  silver  than  in  coating  German 
silver,  brass  or  copper.  The  same  method 
cannot  be  pursued  with  this  alloy  as  with 
the  above  metals.  Mercurial  cyanide  or 
nitrate  is  of  no  avail  to  prepare  it  for  ths 
silver  ;  instead  of  this  as  a  preparation,  the 
spoons  or  forks  are  suspended  in  a  boiling 


e«s  «f  the  alloy  under  the  hilver,  as 
u  the  imperfect  adhesion  of  the  silver 
c  allnv. 

t«re  is  another  branch  of  electro-coating, 
eln  some  progress  has  been  made  during 
mst  year,  that  is  the  coating  of  iron, 
,  and  cast  iron  with  copper  and  silver. 
lake  silver  to  adhere  firmly  to  iron  and 

has  been  a  desideratum   much  sought 

for  many  years  ;  indeed,   ever  since 

ro-plating  was  discovered.     It  has  al- 

becn  found  much  less  difficult  to  make 
2r  adhere  to  iron  than  to  make  silver 
re  to  it  ;  consequently,  it  has  hitherto 

the  practice  to  coat  common  dessert 
>:*  and  nut-cracks  with  a   thin  coat  of 


tion,  so<iium  will  Dc  aepositea  on  the  articles 
as  well  as  hydrogen,  and  if  transferred  to  the 
silver  solution  with  that  on,  the  silver  will  not 
adhere.  The  compound  cyanide  prevents  that. 
When  the  article  is  coated  with  silver  it 
is  subjected  to  a  heat  of  between  400  dcg. 
and  500  deg.  Fuh.,  so  as  to  fix  the  silver,  and 
after  that  it  will  stand  a  red  heat  without 
injuring  the  coating.  Knife  blades  and  all 
cutting  instruments  are  silvered  at  a  pale 
straw  temper,  so  that  the  burning  in  or  fix-> 
ing  of  the  silver  may  bring  them  down  just 
to  a  proper  cutting  temper.     We  understand 


that  the  inventor  has  been  fitting  up  a  manu* 
factory  for  the  production  of  silvered  articles 
in  iron  and  steel,  and  that  it  will  very  soon 
er  ajid   then  with  a  coating  of  silver,  j  be   brought   into  full    operation.      Beyond 
these  are  much  inferior  to  the  solder- 1  these,  nothing  further  of  note  has  been  done 
d  knives,  called  close  plated,  which  is  a  j  in  electro-metallurgy ;  and  though  the  ad- 


bhect  of  silver  soldered  on  to  the  blade 
common  solier.  These  are  called  the 
plated  knives,  though  plated  with  soft 
jr,  because  hard  or  silver  solder  is  not 
[cable  to  plating  knife  blades,  on  account 
le  heat  necessary,  but  to  carriage,  har- 
and  c«>ach  fittings,  hard  solder  plating  is 
icable.  but  its  expense  prevents  it  being 
h  used.     Thb  new  process  referred 


vance  during  the  last  year  has  not  been  very 
striking,  still  gradual  progress  has  been  made. 


s- 


Contracts  will  shortly  be   issued  for  the 

construction  of  a  floating  basin  at  Bordeaux* 

Preliminary  surveys  and  trials   have   bees 

made,  the  result  of  which  is  that  the  difficul- 

to  I  ties  of  construction  turn  out  to  be  less  for- 


e  is  equal  to  hard  solder  plating,  but 
per  than  Koft  solder  plating.  The  in- 
or  uf  it  calls  it  pyro-plating,  because 
izing  of  the  silver  is  done  by  heat,  as 
the  preparation  of  the  articles  for  silver- 
Some  fiiur  years  ago,  a  patent  taken 
Hr.  J.  Baynes  Thompson  describes  a 
eff!*  for  obtaining  a  pure  surface,  wherc- 
>  dopiJ'^it  the  silver,  viz:  by  depositing 
n  of  iron  on  the  article.     But  within 


midable  than  was  imagined ;  the  works  will 
have  to  be  carried  out  on  a  bed  of  marine 
mud  about  twelve  yardb  in  depth,  but  which 
is  easily  traversed  by  blocks  of  masonrj 
fourteen  yards  high  and  with  a  surface  o£ 
about  six  yards.  Three  wells  have  hem^ 
made  by  means  of  blocks  formed  at  the 
level  of  the  grouud,  and  which  descend  by 
their  own  weight  as  fast  as  the  soil  is  taken 
out  from  the  well.     This  operation  presents, 
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RESISTAKCE  AND  TRANSMISSION  OF 
MOTION. 


There  is  however,  another  poiBt,  vkiehp 
though  self-evident,  is  apt  to  be  oiverlooke^ 
in  our  study  of  all  forces,  and  that  m  their 


Bj  Prof.  Henrj  Morton,  Ph.  D.     From  the  JonrnAl    relation   to  time,   in    the    respect,  that   the 
of  the  Franklin  Inititute.  j  ..ff^.,.^  ^^  ^^y  f^^^.^  ^^^^   |,^   proportional  tO 

There  are  a  number  of  phenomena  more .  its  time  of  action.     Thoa,  if  a  force  is  ca- 


or  less  directly  connected  with  the  effect  of 
hi^rh  velocity  in  ovorcoming  resistances, 
whii'h  are  commonly  regarded  as  forming  a 
class  by  themselves,  and  requiring  a  special 


pable  of  producing  a  certain  effect  in 
instant,  it  will  do  the  same  twice  over  in  tva 
instants,  and  can  do  but  half  as  much  ae 
this   in   half  the   time.     We   should  then 


hypothesis  for  their  explanation,  or  if  treat- 1  first  regard  the  particles  of  bodies  as 

ed  in  the  established  method,  calling  for  an '"  *--^    '-  "*--' 1---- -    — •-' —    - 

exercise  of  faith  in  a  train  of  reasoning  not 
in  itself  quite  unexceptionahle,  which  is  at 
the  least  a  sort  of  discomfort  to  ordinary 
minds.  As  an  illustration  of  the  pheno- 
mena to  which  we  allude,  we  may  cite  the 
oft-([Uoted  cxperimiMit  of  shooting  a  tallow 
candle  through  a  pine  board,  the  piercing 
a  slate  with  a  pistol  ball,  without  cracking 
it,  &c. 

In  an  able  paper  by  John  C.  Trautwinc, 
C.  E.,  entitled  **  Remarks  on  Force,  Mo- 
tion, and  Inertia,'*  published  in  the  ''Journal 
of  the  Franklin  Institute,"  Vol.  XLIV.,  p. 


tained  in  their  relative  positions,  not  by 
any  general  and  indefinite  condition  of  con- 
tact, but  by  the  constant  action  of  certain 
forces  of  great  but  limited  power,  and  ex- 
erting this  power,  not  without  reference  to 
time,  but  on  the  contrary,  with  entiiv 
dependonce  upon  it;  so  that  each  element 
is  exerting  so  much  force  in  so  much  time, 
more  in  more  time,  less  in  loss  time,  in  a 
direct  proportion. 

These  general  principles  being  premised, 
we  will  presently  assume  a  case  involving 
the  transmission  of  motion,  and  test  our 
theory  in  its  explanation.     Our  conception 


11)7,  some  of  these  difficult    questions   are   of  this  subject  will  be  rendered  more  easy, 


very  fully  expressed.  We  will  quote,  for 
want  of  space,  but  one  of  the  illustrations 
used,  although  we  would  strongly  recom- 
mend the  article  to  all  interested,  as  an 
accurate  and    entertaininir  discussion  of   a 


however,  if  we  first  consider  a  parallel  case 
in  which  gravity  might  take  the  place  of 
the  transmitting  or  mulecular  force.  Inu- 
gine  the  earth  at  rest  in  space,  with  a  heavy 
body  in  contact  with  it  at  some  point.     If, 


subject  which  has  been  inadeijuately  treated  i  now,  the  earth  received  a  motion  in  a  dircc- 
by  some  even  of  the  highest  authorities.  1 1 ion  radial  to  the  point  of  contact  and  away 
After  various  other  and  more  elaborate  ■  from  it,  the  heavy  body  would  remain  in  con- 
illustrations,  Mr.  Trautwinc  says:  ''The  tact  so  long  as  this  motion  was  not  gr<*ater 
or.Iinary  coupling  between  a  locomotive  !  than  that  of  a  body  falling  from  a  state  of  rest, 
and  a  heavy  train,  would  break,  under  the  '  t.c.  (sixteen  feet  in  the  first  second,  and  so  on), 
action  of  an  engine  capable  of  imparting  to|  In  other  words,  the  attractive  force  betweeo 
the  train  at  one  impulse,  a  velocity  of  forty  .the  heavy  body  and  the  earth  (which  here 
miles  an  hour;  3'et  it  safely  transmits  the ;  represents  the  molecular  force  of  our  actual 
samo  amount  of  moving  force  when  imparted  experiment),  is  just  equal  to  that  which  we 
by  a  succession  of  milder  impulses,*'  and '  express  by  sn  much  matter  (the  weight  of 
further  on,  **it  would  seem,  that  murioir  the  heavy  body  1,  moved  sixteen  feet  from  a 
f'tn-ct*  will  of  it^t'lf  sever  mediums  through  state  of  rest ;  this  power  being  put  forth  in 
which  wc  may  attempt  iofransmit  too  much  t)te  time  of  one  scconil.  If,  now,  we  ro- 
of it,  to  unrt'Mstinj  mjU'r,  as  well  as  to  quired  a  greater  force  to  bo  transmitted  hf 
rosi^tiiug  force."  t.is  attraction  of  gravity;  either  by  asking 

We  believe  that  the  obscurity  of  thi<  |  it  to  move  a  greater  mass  at  the  same  ratu 
subject  will  be  greatly  relieved,  if  only  n  1  (a^  by  connecting  the  heavy  body  by  a 
little  thought  is  given  to  the  nature  of  string,  with  another  so  pla«vd  as  to  be  fre« 
tho.^e  molecular  forees  which  are  the  mo?t  |  from  all  resist.inces  to  motion),  or  by  de- 
usual  active  agents  in  the  resistaiiee  and  niandlng  a  higher  veloeity  (as  by  supposing! 
the  transmission  of  ni<>tion.  It  will  then  -  the  earth  to  i.iove  more  than  sixteen  feet  in 
be  seen  that  the'«e  are  forces  which  differ  in  i  the  tir>t  seconi),  we  should  simply  rupture 
nothing  but  their  ranje  of  ai'tion,  and  in-  the  connection  between  the  earth  and  hoavv 
tensity,  from  irravity,  or  other  like  energies,  body.  By  keeping  within  the  limits  of  th<» 
anil  may  be  fairly  compared  with  them  in  fntnsmilUiifj  force  (which  in  the  above  cxf* 
their  Diode  of  action.  |  was  gravity,  but  might  be  any  other),  we  caa 


apon  a  heavy  body),  is  caused  to  act 
by  means  of  a  cord  passing  over  a 
llej.  In  an  iostant  of  time,  gravity 
.  certain  pall  upon  the.  heavy  body, 
we  may  assume  to  be  transmitted 
y  to  the  first  point  of  the  cord ;  but 
it  to  travel  along  the  cord?  It  is 
lat  the  only  mechanical  connection 
I  the  snccc8>ivc  points  of  the  cord, 

ctfhettion  attract wn  for  each  olhtn'; 
en  by  what  wc  may  be  allowed  to 
Mrelrhing  of  this  attractive  force, 
)  pffwer,  p,  can  be  transferred  along 
'd  to  w,  and  by  no  other  means. 
his  molecular  force  is,    as  we   have 

seen,  properly  expressed  by,  and  in 
istituted  of,  so  much  power  in  so  much 
If.  then,  we  draw  one  of  these  atoms 
lotker  with  a  force  which  is  greater 
cam^  time  than  that  uniting  them,  a 
s  will  occur,  and  so  much  force  only 
tsmitted  as  was  exerted  by  the  mole- 
ower  during  the  time  that  the  weight 
ting  upon  it. 

questions  and  conditions  here  noticed, 
( to  another  cognate  subject  of  similar 
ty,  and  amenable   to   similar   treat- 

we  allude  to  the  relations  between 
•ving  force  and  the  work  done  by  a 
r  body.  We  say  and  know  that  the 
I  or  work  dono  by  a  moving  body, 
with  the  square  of  its  velocity,  while 
ow,  by  our  previous  reasoning,  that 
ee  expended  in  giving  it  that  velocity, 
aries  with  the  velocity  itself.  Thus 
cc  of  gravity  will  give  a  falling  body 
•le  velocity  in  a  double  time,  during 


uuuj    wiiu   tt   ucjtuiii    >i;auuaiy,   uvt;rcuuJU9   u 

certain  number  of  these  resistances,  or,  for 
example,  penetrates  a  medium  to  a  certain 
depth,  before  its  motion  is  arrested,  it  has 
overcome  so  many  resistances,  each  acting 
for  such  a  length  of  time.  If,  now,  the 
same  body  with  a  double  velocity,  meets 
the  same  medium,  it  will  penetrate  each 
resisting  clement  in  half  the  time,  and  so 
receive  from  it  but  half  the  resistance  it 
experienced  before.  If,  then,  its  total  force 
were  only  equal  to  what  it  was  at  first,  it 
would  go  twice  as  far,  or  overcome  twice  as 
many  resistances ;  because  each  of  them 
would  be  but  half  as  effective  as  at  first. 
But  as  we  know  the  double  velocity  implies 
a  double  total  force,  and  thus,  considering 
the  doubling  of  the  force  and  the  halving 
of  the  resistances,  wc  see  why  the  number 
of  these  overcome,  or  the  work  done,  should 
be  fourfold.  Similar  reasoning  would  apply 
to  the  case  of  a  body  resisted  in  its  upward 
motion  by  the  force  of  gravity.  A  double 
velocity  would  give  a  four-fold  height  to  its 
upward  path,  because,  traversing  each  dis- 
tance in  half  the  time,  gravity  would  exert 
but  half  its  former  effect  within  the  same 
space,  and  so  on,  as  before  followed  out. 
The  body  would  come  to  rest  when  exposed 
for  a  d'juble  time  to  the  resisting  force  of 
"gravity. 

It  may  be  objected  that  the  time  of  action 
is  not  the  true  measure  of  a  force,  but 
rathor  the  distance  which  it  causes  a  body 
to  move  in  a  given  time.  But  that  this  is 
not  so,  will  be  seen  when  we  consider  that 
any  velocity  once  implanted  in  a  body, 
needs  no  force  to  maintain  it,  so  that  all 

t\\n    i\\i\t\i\u     !iff'»>rur«irila    n'wtMftitnA     \w    rooa/tn 
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feet,  and  id  the  next  for  forty-eight.  It  is  I 
precisely  this  which  introduces  the  philoso-  j 
phical  error  into  the  method  of  estimating  ■ 
force  by  the  product  of  mass,  into  the  square  ; 
of  the  velocity.  '  j 

But  again,  it  may  be  said,  the  true  mea- , 
«uro  of  a  force  is  the  heat  it  develops^,  and ' 
this,  as  we  know,  varies  with  the  square  of 
the  velocity.  We  would  reply  that  all 
development  of  heat  is  un(]uestionably  of  the 
nature  of  overcome  resistances.  Thus  the 
vibratory  motions  given  to  the  atoms  of 
bodies,  are  given  in  opposition  to  and  by 
overcoming  their  molecular  forces,  and ' 
therefore,  as  in  other  cases,  these  forces 
will  each  individually  oppose  a  nhortfr  re- 
sistance to  a  body  with  high  velocity,  and 
thus  render  a  greater  number  of  their  com- 
panions necessary  to  counteract  its  motion. 
In  other  words,  the  previous  explanation 
may  be  applied  word  for  word  to  this  case. 
Or,  we  may  say,  the  change  produced  in 
the  individual  atoms  of  a  resisting  medium, 
wiiich  we  have  heretofore  called  overcoming 
of  their  resistances,  is  heat.  Therefore,  if 
a  double  velocity  overcomes  a  four-fold 
number  of  resistances,  it  develops  a  four- 
fold amount  of  heat. 

In   conclusion,  we  would   again   remark 
that  the  foregoing  discussion  is  in  nowise 
intended   as    suggesting   a   new  system   of 
mechanics.     The  rules  at  present  employed 
are  perfectly  correct  in  their  working,  and 
more  convenient  in  form,  we    think,   than  I 
any  which  could  be  established  on  another  j 
basis.     Like  many   rules   and   methods  in  I 
mathematics,  they  are  without  reference  to  I 
the  rationale  of  the  process,  but  accurately ! 
fitted  to  its  re(|uirements.     Thus,  for  exam- 
ple, to  take  a  simple  case  in  arithmetic,  in 
place  of  dividing  (me  fraction  by  another, 
we  invert  the  second  and  multiply.    This  is 
perfectly  correct  Jind  unobjectionable  as  a 
metliod  of  obtaining  certain  results,  but  if 
the  iinal  expression  (e.  g.  .J  X  f)  were  re- 1 
garded  as  a  rational   explanation    of  some , 
procc'ss  (the  inverting  stop  being  ignored),] 
it   cnuld    not    well    convey   a  very  true  or] 
j«atist*a<*tory  impressi'in.      »So  when  we  cal- i 
«ulate  the    efficiency  of  various    forces  by  i 
the  formula  /=  «i»;*^,  we  are  simply  trans- ! 
ferring   one    v  from  the  denominator  of  a ' 
fraction    expressing  the    re-^istance,  to  the' 
numerator  of  the    (piantity  expressing  the 
force,  which  we  havt*  a  ]>erfect  right  to  do, 
provided  that  we  reco;fnize  this  as  a  nviflif' 
itvifit'iif  />/vy<vs>",  and  not  as  the  expression  i 
of  ^ phijiiica!  fad.     Our  object  in  writing; 


the  above,  is  to  make  clear  that  thia  ur  tki 
actual  state  of  the  case,  and  thu£i.  in  thii 
and  the  other  points  noticed,  to  offer  U 
those  who  may  feel  the  appetite  for  ^aek  a 
supply,  the  reasoning  which  has  satiEfied  ia 
ourselves  the  craving  afrcr  a  rational  ac- 
count of  things  that  had  a  certain  air  of 
paradox  about  them,  as  commonly 
ciatcd. 


THE  DRYING  PROPERTIES  OF  VARIOUS 
PAINT& 

From  a  Paper  by  Charles  Tomlinran,  F.  R.  S.9faiA 
mt  the  Society  of  AtiSy  Dec.  Vlb. 

The  question  we  have  to  consider  is  '*  Whj 
does  paint  dry  ?" 

Volatile  Liqi-ids. — When  we  boil 
water  a  process  of  evaporation  goes  on,  and 
the  evaporation  is  not  superficial  merely« 
but  from  every  part  of  the  liquid.  Again, 
if  wo  apply  heat  to  oil  of  turpentine  con* 
tained  in  a  retort,  it  will  boil  a  little  orer 
300  deg.  Fahr.,  and  the  vapor  may  be  col- 
lected and  condensed  in  a  cooled  receiver; 
but  if  we  try  to  boil  linseed  oil,  for  example, 
it  will  not  only  not  distil  over,  but  it  will 
blacken  and  decompose  instead  of  boil.  If 
we  moderate  the  heat  so  as  not  to  carboniie 
it,  then  it  will  lose  about  one-sixth  of  iti 
weight  and  become  thick,  tenacious,  and 
viscid  ;  forming  what  is  called  printer's 
varnish.  Raise  the  temperature  above  600 
deg.,  and  if  air  be  present  the  oil  will  take 
fire  and  burn  quietly  without  further  ezter* 
nal  hf*ating,  until  nothing  but  tar  or  cbar« 
coal  is  left.  If,  however,  the  burning  be 
interrupted  by  closing  the  vessel,  a  brown 
viscid  substance  will  be  left,  known  as  bird- 
lime. 

Turpentine  belongs  to  a  class  of  oib 
known  as  volatile:  that  is,  they  can  be 
raised  into  vapour  by  means  of  heat,  and 
under  certain  conditions  will  evaporate  or 
dry  up.  Linseed  oil,  on  the  other  hand, 
which  cannot  be  distilled,  belongs  to  a  cliM 
of  oils  called  yf./vd. 

Fixed  Oils,  Paints. — House  paint, 
omitting  the  coloring  matters  or  stainen, 
consists  of  three  ingredients :  1st,  white 
lead  or  white  zinc  ;  2d,  a  fixed  oil,  such  u 
linseed  or  nut,  used  for  the  purpose  of  reduc- 
ing the  white  to  a  soft  paste,  to  which  ii 
afterwards  added  variable  proportions  of 
linseed  or  other  oil  for  thinning  the  painl; 
•Jd,  the  dryer.  I>ryers  consist  of  litharge, 
oxide  of  manganese,  and  su;j^ar  of  lead. 
Linseed  oil  is  heated  with  about  onc-twea* 
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tieth  of  its  weight  of  litharge,  which  the 
oil  conipletelj  dissolves,  and  is  then  used  as 
a  dryer.  A  similar  heating  with  iiiunganese 
or  iingar  of  lead  al^o  improves  the  so-called 
drying  properties  of  the  oil. 

Oxidizing     Oil — Experiment. — But 
what  would  be  the  effect  of  omitting  the  dryers  i 
altogether  in  the  composition  of  the  paint  ?  1 1 
have  no  doubt  most  painters  would  say  that  i 
the  paiut  would  never  dry.     Let  us  nee  the ; 
result  of  a  careful  experiment  performed  by ! 
Chevreul  Kome  years  ago.     Four  oak  strips  | 
were  painted,  each  on  one  side,  with  a  paiut 
composed  of  white  lead  and  linseed  oil,  and 
the  other  side  with  a  paint  composed  of  white 
line  and  linveed  oil.     The  dryer  was  omitted 
in  all  cases.     The   strip   No.  one   was  ex- 
posed  to  the  air  to  dry;  No.  two  was  put 
into   a  bottle  of  the  capacity  of  3.52  pints 
aiid  closed ;  No.  three  was  put  into  a  similar 
bottle,  containing  dry  oxygen  gas ;  No.  four 
waa    put    into  a   similar  bottle,  containing 
dry  carbonic  actd  gas.     After  24  hours.  No. 
one    lead    paint   was  almost  dry ;  the  zinc 
paint  had  set,  but  was  not  dry.     No.  two 
lead   paint  was  almost  dry ;   the  zinc  paint 
had    aet,    but   was    not    dry.      No.    three 
l>ad    and   line   paints  were  perfectly  dry. 
No.  four  paints  were  still  wet  and  fresh,  and 
had  undergone  no  change.     After  seventy- 
four  hours,  Nos.  one  and  two  paints  were 
perfectly   dry.      No.   four   lead   paint   had 
almost  set,  but  it  had  no  adhesion  to  the 
woo«i,  and  could  be  easily  removed  by  fric- 
tion ;    the    zinc    p:iint    had   undergone   no 
change,  but   stuck  to  the  finger  like  fresh 
paint.     In  another  experiment  it  was  shown 
that    in    drying    in   a   confined    volume   of 
atmospheric  air,  the  paint  had  absorbed  all 
the    oxygen,    and     left   nothing    but   pure 
nitrogen  in  the  bottle. 

Paint  dries,  not  because  it  loses  anything, 
as  in  the  case  of  ordinary  drying  by  evapo- 
niion,  but  because  it  ub^fn^bs  oxygen  from 
the  air,  and  solidifies  in  combining  with  it. 
The  drying  of  paint,  is  not,  therefore,  a 
mechanical  effect,  as  in  the  case  of  evjipora- 
tioD,  but  a  chemical  one,  in  which  there  is  a 
change  of  pro|»erties  attending  a  change  of 
iiate  from  liquid  or  viscid  to  solid.  Lin- 
fteed  oil  exposed  to  the  air  in  thin  layers 
dric«  up  into  the  form  of  a  resinous,  trans- 
parent, mcxierately  clastic  mass  resembling 
caoutchouc.  This  property  of  absorbing 
fiiyg*.-n  and  gradually  becoming  solid,  also 
applies  to  walnut,  hemp,  poppy,  grapcsecd, 
Hftfflower.  and  some  other  oils,  and  hence 
Mich  oils  are  termed  drying  oils.     In  uuder- 


goiftg  this  change  these  oils  undergo  slow 
combustion,  and  give  off  carbonic  acid. 
Under  certain  conditions  the  drying  oils 
absorb  oxygen  so  qnickly  as  to  take  tire,  as 
when  the  cotton-wool,  tow,  &c.,  used  in 
cleaning  machinery  is  thrown  aside,  and  has 
thus  led  to  conflagrations. 

According  to  Mulder,  the  difference 
between  non-drying  and  drying  oils  arises 
from  the  presence  of  olric  acid  in  the  latter, 
lie  compares  drying  oils  to  blood  ;  they 
absorb  oxygen  and  give  off  carbonic  anhy- 
dride. To  prove  this  in  the  case  of  linseed 
oil,  fragments  of  pumice  stone  were  ignited, 
left  to  cool,  and  then  put  into  a  bottle,  and 
the  pumice  was  moistened  with  boiled  lin- 
seed oil,  the  effect  of  boiling  being  to  niise 
the  oil  into  a  state  of  greater  activity.  Air 
previously  deprived  of  carbonic  anhydride, 
was  next  passed  over  the  pumice,  and  then 
into  a  vessel  containing  baryta  water,  which, 
in  a  few  minutes  became  turbid  from  the 
presence  of  carbonic  acid,  due  to  the  slow 
combustion  of  the  oil.  Roughly  speaking, 
the  setting  of  paint  is  due  to  the  absorption 
of  oxygen  ;  hence  we  can  understand  why 
the  painters,  in  order  to  prevent  their 
brushes  from  getting  hard,  put  them  into 
water  when  they  leave  off  work  ;  and  also 
cover  a  painted  surface  with  water  when 
the}'  want  to  keep  the  paint  from  setting. 

Non-Drying  Oils  and  Paints. — The 
oils  that  do  not  absorb  oxygen,  are  rape, 
colza,  olive,  almond,  and  many  animal  oils. 
Ky  exposure  to  air  they  become  gradually 
changed,  but  in  a  diflpurent  manner  as  com- 
pared with  drying  oils.  They  become  rancid 
from  the  fermentation  of  the  cellular  sub- 
stance of  the  plant  or  animal  from  which 
the  oil  was  obtained.  They  lose  their  color, 
and,  to  a  certain  extent  their  fluidity,  and 
acquire  an  acrid,  disagreeable  taste,  t^uch 
oils  are,  of  course,  quite  unfit  for  the  pur- 
poses of  the  painter,  although  there  is 
ground  for  suspicion  that  linseed  oil  is 
sometimes  .idulterated  with  a  cheap  fi^h  oil, 
the  result  of  which  in  the  paint  is  to  j)ro- 
du<*e  a  disagreeable  kind  of  stickiness  which 
is  all  but  permanent. 

Besides  white  lead,  or  white  zinc,  as  the 
basis  of  paint,  white  antimony  has  also  lieen 
proposed.  In  order  to  determine  the  rela- 
tive merits  of  the  three,  M.  Chevreul  insti- 
tuted an  experiment  in  which  ten  grammes 
(ir)4  grains)  of  pure  linseed  oil  were  mixed 
up  with  sufficient  quantities  .of  the  tliree 
solids  without  the  ad<lilion  of  any  dryer. 
It   was  found  that  the  zinc  paint  covered  a 
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less  surface  than  the  lead,  but  more  thairthe 
anliuKMiy  paint.  The  drying  of  the  differ- 
ent coats  of  the  three  paints  required  very 
different  times,  as  will  be  seen  in  the  follow- 


ing table: — 

Lead 

Coats.  Paint. 

Days. 

Tint 4 

Becotid 31 

Third   3 

Total 10| 


Antimony 
Pa  nt. 


Zine 

Paiut, 

Days.  Days. 

18  50 

15  28 

5  27 


38 


105 


Hence  it  appears  that  lead  paint  dries 
much  more  quickly  than  zinc  or  antimony 
paint.  Indeed,  unless  it  were  possible  to 
hasten  the  drying  of  zinc  paint  by  the  addi- 
tion of  a  dryer,  it  would  be  of  very  little 
use  in  industry,  since  the  practice  of  house 
painting  requires  that  not  more  than  two  or 
til  roe  days  shall  elapse  bet  wen  the  applif*a- 
tion  of  the  first  coat  and  that  of  the  second. 

Antimony  paint  is  also  too  slow  in  drying 
to  be  used.  A  tin  paint  was  also  tried,  but 
the  oxide  of  tin  was  found  to  delay  the  dry- 
ing of  the  oil.  Pure  linseed  oil  dries  more 
quickly  on  glass  than  when  mixed  with 
oxide  of  antimony,  so  that  this  oxide  is 
actually  anti-sicuitive  relatively  to  glass. 

Du YER8. — We  now  come  to  the  dryers, 
such  as  litharge,  manganese,  etc.,  and  their 
action  is  very  remarkable  in  causing  the 
paint  to  absorb  oxygen  quickly  and  decidedly. 
For  example — two  cubic  centimetres  of  lin- 
Bcod  oil  ahsorbed,  in  thirty  days,  2.445c.c. 
of  oxygen  ;  but  the  same  quantity  of  man- 
ganese dryer  absorbed  iil.4r)c.c.  of  oxygen  ; 
while  a  mixture  of  the  two,  consisting  of 
l.r)Oc.c.  of  linseed  and  0  44  of  the  dryer, 
absorbed  30.8"J()c.c.  of  oxygen.  That  is,  the 
absorptive,  or,  as  a  painter  would  saVi  the 
drtfin(f  power  of  the  mixture  is  far  greater 
than  the  sum  of  the  powers  of  the  two  oils, 
since  1.56e.c.  of  linseed  oil  absorbs  of  itself 
1.0Sr)c.c.  of  oxygen,  and  0.44  of  the  man- 
ganese dryer  4.710c.c.  of  oxygen  in  thirty 
days,  the  sum  of  the  two  absorptions  being 
().714(!.c.  But  the  mixture  really  absorbed 
3(l.>*20c.c.,  or  more  than  four  and  a  half 
times  as  much  as  the  same  fluids  absorbed 
when  exposed  separately. 

FiXpcrimonts,  scientifically  conducted, 
have  also  shown,  that,  in  preparing  his  dry- 
ers, the  painter  wastes  both  good  materials, 
fuel  and  time.  lie  boils  his  oil  too  long, 
and  maintains  the  temperature  too  high. 
The  usual  mode  of  preparing  dryers  is  to 
heat  the  Unseed  oil  in  an  iron  pot  until  it 


appears  to  boil.  The  aurfsce  is  nVimmJ 
from  time  to  time,  and  after  from  tkntli 
six  hourr*,  about  one-tenth,  by  weight,  flf 
litharge  is  added,  and  the  heat  is  maintaiMl 
five  or  six  hours  longer ;  or  100  parts  of  vei; 
old  linseed  oil  is  heated  about  six  honii 
when  six  parts  of  litharge  and  about  thm 
of  burnt  umber  are  added.  The  heat  » 
continued  six  hours  longer,  when  the  liqui, 
after  being  left  quietly  to  cool,  is  deeanied. 
For  the  manganese  dr3'er,  the  oil  is  heated 
at  the  so-called  boiling  point  during  ire 
hours  ;  peroxide  of  manganese  is  throw*  iit 
and  the  boiling  continued  for  eight  hom. 
We  have  already  seen  that  the  boiling  is  mn 
the  formation  of  vapor,  but  the  escape  of 
gas- bubbles  due  to  decomposition. 

(Jhevreurs  experiments  prove  that  pare 
linseed  oil  is  more  siccative  after  three  koan' 
boiling  than  if  not  boiled  at  all ;  but  is  Isss 
siccative  after  five  hours*  boiling  than  after 
three.  The  oil  boiled  during  three  hewi 
with  one-tenth  of  litharge  is  much  more  si^ 
cative  than  if  heated  without  the  addition  of 
this  oxide;  so  that  the  drying  pn^rtjis 
not  conferred  on  the  oil  by  the  aetioD  of 
heat,  as  some  have  supposed,  but  it  is  bj  the 
mutual  action  of  the  oxide  and  of  the  oil, 
assisted  by  a  high  temperature,  that  the  dry- 
ing properties  are  developed.  Litharge  m 
more  siccative  than  manganese  ;  and  w^  ii 
very  curious  is,  that  litharge,  heated  ones 
with  oil,  is  more  active  than  fresh  litharge. 
It  is  still  more  curious,  that  manganese  that 
has  been  heated  several  times  with  the  oil 
is  more  active  than  fresh  manganese.  Bat 
this  excess  of  activity  in  the  oxides  is  no 
longer  exerted  on  oil  that  has  alreadv  been 
boiled  five  hours.  All  the  experimenls 
proved  that  the  drying  property  of  linseed 
was  injured  by  a  prolonged  heating  at  high 
temperatures ;  and  the  remarkable  and  oo- 
expected  result  came  out,  that  linseed, 
exposed  to  the  temperature  of  from  100*^  to 
170^  Fah.  during  six  hours  in  contact  with 
ten  per  cent  of  manganese,  can  be  used  im- 
mediaUdy  in  painting  without  the  addition 
of  any  other  dryer.  Linseed  oil  alone,  ex- 
posed to  a  similar  moderate  temperatart, 
improves  in  its  siccative  property,  but  not 
sufficiently  so  to  dispense  with  the  manga- 
nese. A  very  energetic  dryer  is  obtained 
by  boiling  the  oil  for  three  hours  only  in 
contact  with  fifteen  per  cent  of  the  metallis 
oxide. 

Thi««  completes  the  first  branch  of  Mr. 
TomlinHon'.'i  paper.  In  the  following  number 
we  propose  to  continue  the  subject  of  paintif. 


TAN  NOSTRAND'S  ENGINEERING  MAGAZINE. 


261 


tiallj  the  drjinz  of  paints  on  metals, 
mB  woods  and  other  substances,  and  the 
moe   of  turpentine  and  other  ingrcdi- 
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RAILWAY  WORKS  AM)  PRO- 
JECTS. 

iMI  from  <«  Bog ineeriDg,"  "  The  Praotioal  Me- 
•k*Bie*e  Joaroal''  and  <*The  EDgiDeer." 

le  great  railway  work  of  the  year  has 
Abtedly  been  that  across  the  plains  and 
liains  of  Western  America — the  Pacific 
w»j.  The  particulars  of  this  work  have 
ao  often  given  that  we  need  only  say 
thmt  will  form  an  unbroken  line  of  rail- 
sommunication  across  the  continent  from 

York  to  the  waters  of  the  Pacific — a 
aee  of  over  3,000  miles,  of  which  a  few 
Ired  miles  only,  await  completion.  It 
Maefi«  bowevcr,  but  little  engineering  in- 
t  beyond  the  fact  that  it  crosses  the  two 
Mt  summits  yet  attained  by  railways, 
nunmit  in  the  Rocky  Mountains  being 
2  feet,  and  that  in  the  Sierra  Nevada** 
i  feet  above  the  level  of  the  sea,  the 
Btains  themselves  rising  considerably 
ar.  These  great  elevations  are,  how- 
,  approached  from  such  long  distances, 
pi  on  the  Pacific  slope,  that  there  is 
ing  exceptional  in  the  gradients  or 
OB,  nor  are  there  any  heavy  tunnels  or 
iworks,  nor  important  bridges.  Indeed 
*  track  laying*'  has  gone  on  at  the  rate 
iree  miles  or  more  daily  in  each  dircc- 

and  the  line  is  expected  to  be  open 
ughout  in  July  next. 
be  most  interesting  line  opened  during 
fear  is  the  temporary  railway  over  Mont 
a.  overcoming  a  summit  level  6,870  feet 
e  the  aea.  On  the  Italian  side  the  gra- 
t  for  some  considerable  distance  is  one 
reive,  while  for  a  good  deal  of  the  dis* 
I  on  both  the  French  and  Italian  slopes 
inclination  is  at  nearly  the  same  rate. 
a  all  the  inclines  steeper  than  I  in  40, 
e  whole  line  of  48  miles,  a  middle  rail  Ls 

in  the  very  narrow  gauge  of  B  ft.  7 A 
and  additional  adhesion  is  obtained  by 
19  of  horiiontal  gripping  wheels,  worked 
be  engine,  and  pressed  with  a  force  of 

5  to  15  tons  against  this  mid  rail. 
10  arc  curves  of  two  chains  radius  con- 
ing the  ligxags  by  which  the  lino  ascends 
nountain.  Of  the  working  of  the  line 
its  prospeots  we  have  spoken  elsewhere. 
be  5lont  Cenis  tunnel,  and  its  progress 
are  recently  described.    The  promised 


success  of  this  undertaking  has  led  M. 
Flachat,  president  of  the  society  of  Civil 
Engineers  of  France,  to  propose  other  lines 
across  the  Alps.  After  pointing  out  the 
daring  rapidity  with  which  all  the  rest  of 
Europe  has  been  furrowed  by  lines  of  rail- 
way, and  showing  that  the  territory  of  the 
Swiss  Confederation  is  far  behind  the  rest  of 
the  Continent  in  this  respect  as  in  others,  he 
states  that  three  great  railway  lines  ought 
to  be  opened  across  the  Alps,  vis:  by  the 
Lukmanicr,  the  St.  Gothard,  and  the  Sim- 
plon  passes.  While  France  is  most  inter-, 
ested  in  that  of  the  Simplon,  Germany  is 
most  so  in  Lukmanier.  Switzerland  is  hos- 
tile to  any  line  over  the  Simplon,  because  of 
its  jealousy  of  France.  Italy  hails  with 
pleasure  any  or  all  of  them,  having  no  choice 
except  for  whatever  line  shall  enrich  her 
most.  M.  Flachat  after  reviewing  the  suc- 
cess of  the  Mont  Cenis  tunneling,  which  is 
now  about  1.9  metcres  per  day  for  each  face 
of  heading,  and  the  probable  improvements 
in  tunneling  machinery,  concludes  that  tun- 
neling in  the  Alps,  upon  a  scale  such  as 
these  and  like  vast  ranges  of  mountains  de- 
mand, is  a  matter  of  certainty  now  as  to  suc- 
cess, economy,  and  amount  of  cost,  and  that 
hence  huge  tunnels  ought  no  longer  to  oppose 
the  progress  of  the  engineer  in  opening  out 
such  mountain  barriers. 

The  particulars  of  the  various  tunnels  pro- 
posed, compared  with  the  Mont  Cenis,  are 
as  follows : 


Sammit  above 

Name 

Length. 

sea. 

Cost. 

of  Tunnol. 

Metres. 

Metros. 

Francs. 

Mont  Cenis 

12,220 

1,200 

61,100,000 

Simplon 

12,U80 

1,300 

60,o0U,u00 

St.  Gothard.... 

15,480 

1,110 

78,000,000 

Lukmanier ,.,,, 

1,710 

1,750 

30,000,000 

Without  going  through  his  figures,  which 
are  probably  far  from  conjectural — for  it  is 
to  remembered  that  the  St.  Gothard  line,  at 
least,  was  surveyed  and  laid  out  in  detail 
some  years  ago — he  arrives  at  the  conclusion 
that  the  total  cost  of  establishing  the  three 
great  lines  of  passage,  and  placing  them  in 
full  communication  with  the  railway  systems 
of  the  countries  to  the  north  and  snuth  of 
the  Alps,  would  reach  a  total  cost  of  387,- 
SOO.OaO  francs,  or  some  878,000,000. 

Largo  railway  undertakings  are  going  for- 
ward in  Russia,  Hungary  and  Boumania; 
but  in  India  and  the  colonies  railways  have 
made  but  slow  progress.  No  active  steps 
have  been  taking  towards  the  construction 
of  the  Intercolonial  Hailway  through  New 
Brunswick,  although  the  large  loan  for  mak« 
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ing  it  was  guaranteed  by  Parliament  a  good 
number  of  months  ago,  and  half  the  loan  has 
been  taken  up. 

A  railway  h^  been  at  last  begun  across 
the  Isthmus  of  Honduras,  between  the  At- 
lantic and  Pacific  oceans.  The  length  is  to 
be  281  miles,  overcoming  a  summit  of  2,956 
feet.  The  cost  is  set  down  at  £8,000  per 
mile,  but  enough  is  known  of  the  almost  im- 
penetrable forest  and  the  unhealthy  climate 
of  Honduras  to  convince  us  that  a  far  larger 
sum  than  this  will  be  necessary. 

An  agitation,  without  any  substantial  re- 
sults, was  commenced,  some  months  ago  in 
Canada  in  favor  of  3  feet  6  in.  gauge  rail- 
ways. The  whole  scheme  appears  to  have 
dropped  through,  and  singularly,  no  partic- 
ulars of  the  working  and  financial  results  of 
the  same  gauge  on  the  Queensland  railways 
have  been  furnished  by  the  parties  who  have 
pruuiotcd  other  lines  of  the  same  gauge.  A 
railway  across  Canada  is  proposed,  which,  if 
carried  out,  will  absorb  a  capital  of  some 
«20,0000,000. 

in  Turkey  there  is  a  fine  field  for  the 
construction  of  railways,  and  one  scarcely  in- 
ferior in  China.  * 

As  to  French  railways,  there  is  an  impres- 
sion that  it  is  because  Government  so  limits 
them  in  extent  that  they  all  pay  well,  and 
that  they  are  too  few  to  accomodate  the  peo- 
ple. The  list  under  survey  or  construction 
at  the  beginning  of  the  year  would  seem  to 
show  that  this  want,  if  it  exists,  is  being 
rapidly  supplied.  Among  the  principal  new 
lines,  are  the  following:  Paris  to  Dieppe 
direct ;  Orleans  to  the  sea  by  Honfleur, 
Lisseux,  &c.,  105  miles;  Soissons  by  Buire, 
Vervens,  Lugny,  &c.,  to  the  Belgian  fron- 
tier ;  Auch  to  Toulouse ;  Curcy-la-Tour  to 
Grilly-sur- Loire ;  Cambray  to  Gannes ; 
Niort  to  Cholet,  80  miles;  Bergerao  to  Li- 
bourne  ;  Meru  to  ik'auvais  ;  Flers  to  Coude- 
8ur-Norreau;  Avallou  to  Dracy-Saint-Loup; 
Aix  to  Marseilles ;  Epernay  to  llomilly ; 
Napoleon-Vendee  to  La  Kochelle  ;  Yevot 
to  iJicppe  ;  Havre  to  Lille;  Bordeaux  to 
Pauiiiac,  and  various  branches  of  the  Or- 
leans and  Kouen,  and  the  Northern  railways, 
and  a  lino  connecting  the  Eastern  Railway 
of  France  with  that  of  the  Duchy  of  Baden, 
between  Saint  Louis  and  Leopold's  Lake. 

In  Great  Britain  although  the  past  year 
has  not  been  marked  by  active  railway  en- 
terprise,   several    important    undertakings 


*Sc9  artiele  in  aDotber  column  on  nilways  for 
Cbioa. 


have  been  completed  or  ourried  forward.  Ii  \ 
and  near  London  the  principal  works  knt 
been  the  Midland  Extension,  now  ma 
through  to  Bedford  and  the  north ;  the  1U> 
tropolitan  and  St.  John*8-wood,  opened  li 
the  Swiss  Cottage ;  tho  Metropolitan  Eip 
tension,  now  completed  to  Westminster,  i 
the  new  line  of  the  SoutlT-Eastem,  ns 
Chiselhurst  and  Sevenoaks.  The  Midland 
Extension,  with  its  four  lines  of  rmik  aid 
its  great  station  at  St.  Paneras,  is  now  om 
of  the  most  important  of  all  the  railways 
out  of  London,  and  it  may  be  expected  Ml 
only  to  cheapen  the  transport  of  coal  fnm 
Derbyshire,  but  almost  literally  to  build «f 
a  new  series  of  suburban  towns  extending 
even  beyond  St.  Alban's.  The  St.  Panersi 
station  has  been  so  often  desoribed,  that  it 
need  only  be  noted  that  its  magnificent  iron 
roof  has  a  clear  span  of  240  feet,  thewideit 
yet  attempted,  and  that  it  forms  altogether 
the  finest  example  of  railway  architectan 
in  the  kingdom.  The  Metropolitan  and  St 
John's-wood  presents  no  striking; features  w 
an  underjj;round  line,  the  ascent  of  one  in 
27  to  Hampstead  not  having  been  begn. 
When  completed,  the  line  is  to  be  2}  miles 
long  and  is  to  rise  235  feet  above  the  levsl 
at  Baker-street,  three-fourths  of  a  mile  b^ 
ing  inclined  one  in  27,  with  a  station  half 
way  up.  The  Metropolitan  Extension,  htt 
some  very  interesting  work.  The  Metro- 
politan District  Railway,  under  the  Thames 
Embankment,  has  made  but  little  progresi 
as  yet ;  nor  is  the  East  London,  to  be  carried 
through  the  Thames  Tunnel,  far  advanced. 
The  new  line  of  the  South- Eastern,  vm 
Sevenoaks,  is  noteworthy  for  a  considerable 
amount  of  tunneling,  and  for  heavy  earth- 
works, and  also  for  some  especially  fine 
brickwork  in  its  bridges.  The  London  and 
Brighton  Company  have  opened  a  new  line 
between  Brighton  and  Tunbridge,  saviDS 
fifteoa  miles  in  distance.  The  London  and 
North-Western  Company*s  new  line,  vm 
lluncorn,  to  Liverpool,  was  to  have  been 
opened  at  the  end  of  the  year,  this  line,  sf 
our  readers  are  aware,  crossing  the  Mersey 
on  a  long  bridge,  of  which  the  principal  por- 
tion consists  of  three  pairs  of  lattice  girden, 
each  of  800  feet  span.  The  Caledonian 
Company  have  made  a  new  line  over  which 
trains  are  run  between  Edinburgh  and  GIs9- 
gow,  without  the  detour  via  31otherwoll,  the 
distanee  being  the  same  as  by  the  old  Edin- 
burgh and  Glasgow. 

The  increase  of  railways  in  the  United 
States,  and  the  principal  railway  engineering 
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^ — ^bridges,  tunnels,  Tiadacts  etc — re- 
T  completed  and  in  progress  here  and 
id  were  referred  to  in  the  February  num- 
if  this  Magazine.  It  is  not  improbable, 
we  are  on  the  eve  of  an  important  reform 
Iway  engineering  especially  in  England, 
:hat  we  shall  have  ch<af)er  and  com- 
If  lines,  serving  the  public  at  half  the 
nt  cost.  As  to  the  Govermeut  taking 
the  existing  costly  and  extravagantly 
ed  lines,  it  is  at  least  as  likely  that 
ianient,  and  more  likely  that  Congress, 
leave  the  whole  question  of  railway  re- 
to  private  enterprise. 

:  Street  Railway  in  England. — 
'e  long  since  predicted,8ays  the  **Railway 
•rd/'  that  its  adoption  in  the  suburbs,  if 
Q  the  leading  streets  of  our  own  metro- 
.  was  only  a  question  of  time,  and  the 
a9«od  in  the  last  se^ssion  of  Parliament 
>rizinir  the  laying  down  of  street  tram- 
in  the  important  and  populous  com- 
ial  city  of  Liverpool  gave  a  coup  df 
'  to  an  opposition  which  had  contrived 
terferc  with  the  carrying  out  of  a  vast 
ic  convenience,  which  has  been  found  to 
er  its  purpose  remarkably  well  in  Sal- 
and  in  Staffordshire,  and  Birkenhead. 
principal  of  the  new  comy)anies  seeking 
iamentary  sanction  is  the  Tram-way 
pany  which  proposes  to  form  eight  dis- 
lines  in,  and  about  London.  Mr.  Page 
irrhitect  of  Westminster  Bridge  hasprc- 
1  the  designs,  and  the  traction  will  be 
noted  either  by  horse  or  by  steam  loco- 
ve«.  There  can  be  no  doubt  that  every 
^f  these  will  be  opposed  by  the  existing 
ay  interests  ;  and  whether  Parliumcn- 
ftanotion  will  be*  obtainiMl,  will  depend 
the  temper  of  the  new  House. 
1  the  other  side  of  the  question,  Mr. 
e.  President  of  the  Manchester  Inst  it  u- 
of  Knifineers  says  in  his  addn*ss  on  cheap 
ays,  that  unless  the  principal  streets  can 
idened  very  considerably  beyond  what 
are,  unless  people  become  accustomed  to 
traveling,  and  unless  the  danger  to 
b  horses  and  other  vehicles  are  subjected 
f«sj-injr  the  rails  is  removed,  I  fear  there 
lot  be*  much  likelihood  of  street  niilways  i 
ninp  general.  In  somo  hH^alitios,  and 
»me  special  desoriptions  of  traffic,  they 
be  found  to  answer  tolerably  well. 


PLE  Bar,  so  long  and  nobly  preserv* 
1  by  the  Londoners,  is  at  last  to  give 
:o  the  cxigonoiea  of  street  traffic. 


THE  CONSTRUCTION  OF  RESERVOIRS. 

The  failure  of  the  Dale  Dyke  or  Bradfield 
reservoir  at  Sheffield,  England,  in  March, 
1864,  causing  the  loss  of  some  BOO  lives  and 
immense  damage  to  property,  has  led  the 
authorities  of  many  cities  here  and  abroad, 
to  look  very  critically  into  the  construction 
and  durability  of  similar  works  at  their  own 
doors.  In  view  of  the  breaking  of  several 
pipes  in  the  embankment  of  the  Druid  Lake 
at  Baltimore,  the  water  board  of  that  city 
have  called  upon  Messrs.  J.  R.  Trimble,  0. 
P.  Manning  and  J.  H.  Tegmeyer,  engineers, 
t^  make  an  examination  of  that  work,  and 
from  their  late  full  and  able  report,  we 
extract  the  following  interesting  and  timeh' 
facts  and  considerations. 

Construction  op  Ancient  Bkser- 
voiRS  IN  India.* — Embankments  in  this 
country  have  been  made  without  puddle; 
trenches  or  puddle  walls,  the  entire  material 
of  the  banks  being  capable  of  resisting  water. 
The  earth  was  scraped  up  with  rude  instru- 
ments or  by  hand,  carried  in  small  quantities 
by  men,  women  and  children,  trodden  down 
by  the  feet  of  workers  and  animals,  washed 
by  monsoon  rains,  and  dried  and  baked  in  the 
sun,  until  after  many  years  of  slow  work,  a 
close,  homogeneous,  enduring  mound  has 
been  formed — instead  of  being  thrown  to- 
gether in  bulk  from  carts  and  car?,  and  in- 
adequately tempered  and  compressed,  as  by 
the  modern  system.  These  works  are  re- 
markable for  their  vast  extent.  One  has  a 
bank  VI  miles  long  and  a  reservoir  circum- 
ference of  40  mibis,  the  conduit  pipe  l)eing 
00  miles  long.  The  reservoir  of  Abharya- 
Weva,  is  said  to  have  been  constructed  oOo 
years  B.  C.  It  is  now  partially  in  ruins. 
The  lake  of  Minery  is  20  miles  in  circum- 
ference ;  the  embankment  is  a  mile  long, 
covered  with  lofty  trees.  It  is  2,0(»0  years 
old  and  is  still  in  use.  The  Cummuni 
Tank  is  one  of  the  earliest  works,  to  which 
Hindoo  history  refers.  Its  length  is  five 
miles ;  its  breadth  three  miles ;  its  area 
eight  square  miles.  The  top  of  the  bank  or 
**  bund''  is  102  foot  above  the  base  with  an 
averacre  width  at  top  of  20  feet ;  inside 
slope  3  to  1 ;  outside  slope  1  to  1^  to  1.  \% 
has  two  culverts  passing  through  it,  and  a 
waste  weir  of  2^10  feet  width  to  earrv  off 
surplus  water,  but  placed  half  a  mile  from 
the  embankment. 


•  Mr.  RawllnsoD's  report  on  tho  failure  of  the  Date 
Dyko  Rctcrroir. 
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The  Balk  Dtke  Embankment— This 

woik  fur  eiiului<ing  the  waters  of  tht; 
Bnulficld  Rfsorvoir,  wiii*  situaied  iu  the 
ravine  of  the  Dale  Dyke  or  Loxlcy  river, 
(ij  miles  above  iShoffiei'd,  and  at  a  point  450 
feet  ahovc  that  town.  It  was  erected  tun  a 
Htorage  reiscrvoir  for  «upplyiiig  water  power 
to  itiiUa  and  factories.  The  w:iter-.'^hed  or 
gathering  area  dtschargiiig  water  in  reser- 
voir, 18  4,au()  acres.  When  full  the  lake 
had  a  surface  area  of  7H  acrei*.  Greatest 
depth  of  em  ha  Ilk  men  t  95  foct ;  capacity 
114,000  cubic  feet  (K55,000,OiK)  galloui^f; 
top  of  embankment  iit'toss  vallcj  1/Ji>4  feet 
long;  width  of  base  501)  feet;  width  at  top 
iliclnding  four  feet  of  puddle  wall,  ItL  teet; 
inner  aud  outer  slopes  of  banks  2.J  feet  hor- 
izontal to  one  foot  vertical  ;  puddle  wall  or 
core  inside  of  bank  sixteen  feet  at  a  bottom 
nnd  four  feet  at  top,  and  U5  feet  high  ;  great- 
est depth  of  puddle  trench  or  foundation  of 
puddlf  wall  below  natural  surface  (>U  feet 
The  upper  40  feet  of  the  embankment  on 
both  wides  of  the  puddle  wa!l.  wa.-^  com  posed 
of  **  rubble**  materials  by  no  means  water- 
tight. The  construction  of  the  embankment 
wa.4  by  railway  wagons  and  carts,  with  tips, 
in  layers  three  to  tivc  feet  high,  ntjt  saturated 
with  water  during  the  process,  nor  othei  wise 
solidified.  The  materials  were  not  of  a  good 
character  for  the  construction  of  a  water- 
tight embankment ;  and  the  mode  of  depos- 
iting and  working  it  was  objectionable.  Two 
liuej*  of  cast  iron  discharge  pipes  eighteen 
inches  diameter  and  IJ  inches  thickitess. 
were  hud  under  the  embankment  at  a  point 
85  feet  below  its  top.  These  were  the  only 
pipes  in  the  reservoir. 

The  puddle  trench  descended  various 
depths  to  the  natural  rock,  or  below  il  to 
impervious  strata.  ^Sinking  the  puddle 
trench  was  a  tedious  and  costly  affair.  The 
jiprings  in  the  strata  through  which  it  was 
i»unk  were  so  copious  as  to  keep  two  steam 
nunips  at  work  for  two  years,  day  and  night. 
I'he  waters  of  the  river  and  of  floods  dur- 
ing this  time,  were  diverted  by  a  catch-water 
reservoir,  and  artifieial  channel  on  the  bide 
of  the  valley,  to  intercept  and  turn  them 
from  the  excavation.  This  oatch-water  was 
afterwards  broken  by  a  frt-shet,  which  filled 
thti  reservoir  to  a  depth  of  50  feet  in  two 
days.  An  extreme  flood  on  the  area  of 
4,300  acre^,  draining  into  the  reservoir 
Would  give  a  rolume  of  800  cubic  feet  per 
aeeottd  ;  two  pipes  of  eighteen  inches  diame- 
ter, 5l>0  feet  long,  under  a  head  of  00  fcot. 
would  diijohargc  84  feet  per  aocoad  from  it. 
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In   extreme   floods    30,000    cubic   fe«l 
water  per   minute,  would  flow  into  ltii» 
ervoir ;    while    both    drain    pipecs    n'^^^ 
waste-weir    working   free,  would    d 
but  10,000  cubic  feet  per  minute  ;  1- 
surplmi  of  accumulated  water  uf  11,' ^ 
feet  per  minute,  to  threuteu  disftO^ter.    n  uca 
the  breach  occurred  at  half  past  cUrca,  #i 
the   night  of  11th  March,  1804,  ike 
voir  was  full  and  a  storm  prevailing 
contents  were  discharged  ihroUL!' 
in  half  an  hour,  without  any  prcv 
passing  do^ui  the  valley  <^t  the  -] 
miles  per  hour  and  sweeping  all  In  ion 

Cause  ui*  the  Failure.^ — The  two* 
charges  pipesi  were  laid  in   a  cross 
passing  under  the  embankment  and  o  d 
through  the  main  pmldli:  wall,  at  a  dej 
about  85  feet  below  ita  top,  and  ai  a 
where  the  puddle  trench  was  30  feel 
below  them.  They  rested  in  a  puddli* 
some  30  feet  deep  at  the  lowest  point  undi 
the  middle  of  bank,  and  were  laid  in  pud' 
only.     They  were  laid  in  a  manner  to 
iuisure  destruction. 

The  puddle  wall  was  too  thin  for  a  wnri 
that  magnitude.     The    material    placctl 
each  fciide  of  the  puddle  wall  was  of  too  j 
a  character,  and  much  of  it  was  tipped  fi 
railroad  wagons,  (directly  into  the  embank' 
ment  and  not  afterwards  distribntod)   wl 
is    the   mo>*t  objectionable  manner   of 
structing  a  water-tight  embankment. 

The  objectionable  mode  of  laying  the 
let  pipes,  modt  probably  fractured 
die  wall  at  the  point  of  crossing; 
Htate  of  the  materials  at  the  tup  of  lu^  ixixl 
let  in  the  water ;  as   the  water  Tty^*-  In  ihd 
roscrvoir,  it    most    probably  found    tl 
down  inside  the  puddle  wall   to  the  fracti 
above    the    outlet    pipes,    and     henoc 
de:ft  ruction. 

Conclusions  of  the  ExoLign  E.vai5* 
EERS» — Cast  iron  pipes  should  never  be  Ui 
under  such  conditions  aa  those.     A  eul 
of  masonry  with  an  inner  valve  well,  ah 
have   been   provided.     Thi^  culvert  hh 
have  been  on  aotid  ground  in  fh**  x^d*'  t^f 
vaiteyt  free  from  the   loose  earth  of  the  ei 
bankmeut.       Mr.   Jackson,   civil    > 
called  in  as  an  expert,  said  that  hr 
a  number  of  cases  where  pipes  huvt*  b«?€ 
fractured,  but  of  no  grand  di»a!*ter  like  tl 
of  fractured  pipes.     Ho  has   laid  pijxsj* 
twenty  years,    but    would   never  again  la] 
pipes    undn*  an  embank mtuU  in  a*»v  ^h 
although  engittfera  have  done  so  Jfvm 
f'jrd'6  lime  down  to  this  day. 
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The  m  inner  is  which  the  hank  was  made 
is  eondeiuncil.  The  layers  hhould  not  have 
been  over  two  feet  thick,  an4l  should  have 
been  ^proad  and  consolidated  with  carts. 
The  best  day  puddle  should  not  be  trusted 
At  less  than  one  foot  of  thickness  for  each 
three  feet  of  height  of  water.  So  that  for  an 
embankment  90  feet  hi;;h,  the  puddle  wall 
»t  the  base  should  be  32  feet  thick.  At 
Bndfield  embankment  the  puddle  at  the 
gronnd  line  was  but  sixteen  feet  in  thick- 
BMs,  or  one-half  the  strength  required  for 
•ftfety.  No  puddle  wall  should  be  placed 
between  masses  of  porous  earth,  but  should 
be  backed  up  on  both  sides  with  at  least 
its  own  thickness  of  well  selected  materials, 
ao  as  to  prevent  direct  pressure  from  water 
OD  the  inside,  or  any  consequent  cracking 
OD  the  oat.'-idc.  The  sinkini^  of  loose  mate- 
rials of  earth  on  each  side  of  a  puddle  wall 


The  early  English  engineers  used  **cut 
puddling,'*  called  so  from  layers  of  clay  cut 
out  of  carefully  selected  material  by  the 
spaile  and  packed  carefully  in  the  pud«lle 
wall  as  carried  up  with  wetting,  but  not 
thorough  saturation,  to  bind  the  material 
into  one  mass.  The  method  of  puddling  by 
throwing  materials  into  water,  or  by  flooding 
the  material  already  placed,  called  *'  flood 
puddling,'*  originated  in  the  United  States, 
and  was  probably  used  first  on  the  Baltimore 
Water  Works,  or,  if  used  in  England  it  was 
unknown  to  American  engineers.  Its  ad- 
vantages have  been  so  manifest  in  practice 
that  in  our  opinion  it  is  immeasurably  supe- 
rior to  all  other  methods,  and  should  be 
adopted  to  the  exclusion  of  old  processes. 
When  we  reflect  that  water  exerts  an  agency 
everywhere  in  causing  loose  earth  to  take  a 
compact  form  in  our  fields,  roads  and  com- 


may  do  mischief,  unless  such  settlement  takes  I  mon  embankments,  it  needs  no  labored  ar- 
plaee  equally,  evenly  and  slowly.  A  puddle  \  gument  to  prove  that  there  is  no  process 
wall  «h«mM  be  wetted,  worked  and  tempered  |  which  can  so  soon  and  so  eflectually  bring  a 
into  proper  consistency.  If  the  material  on  reservoir  embankment  to  the  required  condi- 
each  side  is  not  of  the  same  soit  and  eon-' tion  of  homogenous  compactness.  It  must  nil 
sbtency,  and  does  not  set  or  build  with  the :  be  alike  in  consistency,  without  any  part 
paddle,  the  bank  is  liable  to  injury.  subjected  to  the  risk  of  being  left  dry  and 

porous,  to  subside  unevenly. 


If  a  deep  trench  continues  to  produce 
water,  such  water  will  soften  the  puddle  and 
caaso  fracture  of  ♦he  puddle  wall.     Springs 


The  Druid  Lake  Wouks. — The  Drud 
Hill  Reservoir  is  made  in  a  dry  ravine,  with 


in  tht*  side  of  a  puddle  trench  will  incvita-j  an  area  of  less  than  100  acres  to  gather  floods, 
aly  w:i>le  and  wash  smdi  puddle,  unless  It  will  have  a  bank  of  hO  feet  width  on  top, 
•proial  nituns  are  provided  to  divert  the  with  an  exterior  slope  of  2  to  1,  and  an  inte- 
water.  rii<)isturbed  strata  may  bear  and  ;  rior  slope  of  4  to  1,  giving  a  thickness  at  base 
reMi*t  watir  safi.dy — when,  if  broken  and  ■  of  650  feet.  The  embankment  has  a  puddle 
disturbed  by  deep  sinking  and  heavy  con-  j  wall  of  05  foot  extreme  height  a})ove  natural 
tinned  pumping  fur  the  formation  of  a  pud- !  surface,  or  119  feet  above  the  lowest  founda- 
dle  trench,  the  wholo  strata  may  be  so  rup-  tion  of  puddle  trench  ;  a  thickness  at  top  of  17 
turod.  washed  and  distur]>ed  as  never  again  ;  feet  and  8()fent  at  bottom.  The  firm  deposits 
to  Im^cohic  sound.  A  perfectly  homogeneous  j  uf  ages  from  the  hills  of  Druid  Park  collected 
bank  on  a  r-table  substratum  is  alone  safe.  A  in  the  ravine,  are  mixtures  of  clay  and  gravel, 
puddle  wall  may  be  **a  delusion  and  a  snare."  ;  constituting  an  impervious  stratum, which  was 
CnNTLl'sioNS  OP  THE  AMERICAN  En- :  properly  left  undisturbed  in  the  construction 
OINEEBs,  ox  I'uDDLiNU. — It  is  a  matter  of:of  the  reservoir,  except  to  remove  vegetable 


mach  surfiri*<c  to  any  one  r.ot  trained  and 
e  Incated  in  the  English  school  of  Hydraulic 
Engineers,  to  find  so  little  improvement  has 
been  made  in  that  country  for  the  last  hun- 
dred years  in  the  mode  of  preparing  and 
applying  puddle  material.  The  English 
adhere  tenacionsly,  and  often  blindly,  to 
old  custom')  and  to  the  practice  of  early  and 
eminent    ent;ineers.      The    evidence    taken 


matter,  &c.,  to  about  one  foot  in  depth.  Tho 
puddle  trench  was  but  V2  feet  in  depth  to 
impervious  strata  of  rock  in  the  bottom  of 
the  ravine,  without  any  springs  and  but  a 
!<light  filtration  of  water,  in  fact,  dry.  The 
formation  of  the  embankment  was  from  clay, 
earth  and  decomposed  gneiss  and  disinteg- 
rated granite,  the  gneiss  supplying  a  pure  clay 
from  decomposed  ftddspar,  and  gravel  from 


before  the  coroner's  jury  shows  that  errors  i  the  quartz  and  mica  happily  blended,  so  as  to 


in  plan  and  construction  have  been  followed 
from  Telfiird  down  to  tho  present  day — 
errnr«  now  admitted  to  be  plain,  though 
Jberetoforc  nndiscorcrod. 

Vol.  I.— No.  3.-10. 


ensure  impermeability  by  its  adhesiveness, 
and  solidity  by  its  compactness  and  specific 
gravity. 

As  to  the  fracture  of  tho  pipes  in  these 
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works,  and  proposed  changes,  the  report 
ftateia ;  The  first  pipe  fractured  hadly  waa  the 
drain  pipe,  discovered  twelve  months  after 
it  was  laid.  In  the  fall  uf  the  same  jear 
(18GG),  the  three  iufiueiit  pipes  were  found 
BO  badly  injured  as  to  render  necessary  their 
abandonment  from  prudential  motiveii.  The 
nature  of  the  fractures  were  cracka  at  the 
bell-en  da  and  from  end  to  end  and  across 
Ihe  pipe,  in  some  instances.  These  ruptures 
were  first  discovered  by  finding  at  a  point 
jubt  outside  the  embankment  agniall  leakage 
of  water  discolored  with  iron.  The  rouud* 
Dess  of  the  pipes  was  in  some  cases  de«lroyed. 
Although  these  pipes  were  carefully  laid  in 
the  manner  fretjucntly  ml  opted  elsewhere^ 
jet  four  out  of  the  seven  have  failed. 

The  engineers  now  consider  the  mode  of 
laying  these  pipes  objectionahle,  and  their 
location  under  the  bank  injudicious.  Pipes 
laid  au^^where  should  rest  on  a  foundation  of 
perfectly  uniform  resistance,  to  preclude  the 
possibility  of  unequal  settling,  which  must 
fracture  cast-iron.  A  perfectly  solid  basis 
would  seem  to  be  safest.  The  error  com- 
mitted was  in  laying  part  of  the  length  in 
trenches  and  apai  t  on  piers.  With  so  great 
4  height  of  embankment  above  them,  snbsid- 
ing  all  the  time»  it  could  not  be  expected 
that  either  the  pressure  of  the  bank  or  the 
resistance  of  the  foundations  would  be  uni- 
forni.  A  slight  difference  in  cither  would 
fracture  the  pipes.  Those  pipes  remaining 
•ound  so  far,  must  have  had  a  uniform  pies- 
■ureupon  them,  or  have  presented  a  uniform 
resistance,  so  that  no  one  part  yielded  more 
than  another  But  as  we  now  see  from  ex- 
perience in  England,  it  would  have  been 
vetter  to  insert  all  the  pipes  in  the  reservoir 
through  Hohd  y round  afxaytf  the  embankment 
ttnd  retnoie from  the  puddln  walK 

This  change,  suggested  by  Mr.  Wendell 
Bulluian,  ^'  will  have  to  be  made,*'  The 
cluster  of  fonrpipes  is  to  be  carried,  through 
•olid  ground  at  a  level  of  GO  feet  below  the 
Contemplated  high  wuter  lines  of  the  reser- 
voir, built  on  carefully  prepared  founda- 
lions,  and  enclosed  jn  stone  and  cement, 
with  several  projecting  collars  of  masonry  to 
«*)eck  leakage  and  obstruct  any  flow  of 
water,*  Each  pipo  is  to  be  enclosed  in  a 
brick  culvert,  fitting  tightly  its  outer  surface, 
fo  that  when  in  time  the  iron  is  destroyed 
from  any  cause,  the  enclosing  arch  shall  form 
a  permanent  conduit  in  place  of  the  pipe. 

*  See  on  tfaii  taVjeot,  Boo.  Wm.  J*  MoAlpioe'i 
pipcr^  V»ii  Nuitraud^s  MagaaioCj  V^ol.  t,Ka,  1,  pngo 
10* 


ORPNANCB  Experiments — Nnw  Bl 
LISH   Board, — In  vir^w    of  tbr 
plaints    of  inventors,  the  dc 
nance  Boards  and  officers,  ai 
excitement  on  these  (|uestiom(   amcng 
sons  interested  in    ordnanc**    inir'nu^i 
no  less  in  America  thau  in  K' 
lowing,  from  the  **Army  and  ^,. .  .     -41 
will   be  of    interest.     For  some  time 
Ordnance  Select  Commitloe    ha^    ccawd 
exist,  and  few    will  regret   \Xh  denii>»e. 
had  many  enemies,  and   wan  regarded  ■! 
suspicion  even  by  those  to  whom  it  was  ma 
favorable.     It  was  confessedly  an  expei 
Ijody  in  itself,  and  was  the  cuuitc  and 
of  much  expense  in  experiments  whic 

often  supposed  to  be  instituted  vnot  

a  view  to  investigate  the  nmtb«'njatical  Yot 
theoretical  value  of    inventions,    than 
practical    utility  to   the  service,     Sinci*  i 
(Jrdnance    Select    Committee     rec<^ivfd 
death-blow,  the  constitution  of  its  sucr 
has  been   much  discui^sod,   and    sovcml 
tempts  have  been  made  to  arrange  itj 
position.     These  have  mostly  proved 
tive,  but  we  believe  that  the  fatorctribo 
before  which  both  inventors  and  invi 
will    be    srraigned   have    becD    pr 
settled.     The   present   committee   wh»e 
engaged  in  investigating  Captain  Moncrio 
battery,  and   the   proper  emolument    to 
conferred  upon  its   designer,   will    probah 
decide  all  broad  questions  of  the  itauie  kii 
in  future.     This  eommitteo  is  eump4J9<^ 
the  Parliamentary  Under-Scerelary  of  StJ 
for     War,     the     Comptroller-iri-Chief, 
Naval  Director   of  Ordnance,   the   DirceCj 
of    Works,    the   Directur-Gcnoral    of  On 
nance   and  the   Assistant-Director ;  mud  : 
province  is  to   decide   broad   question 
general  principles. 

To  carry  out  experiracDtsand  inquir^ 
details,  either  a  special  committee  will  be 
assembled,  as  has  been  done  in  tbe  ca^e  of 
deciding  upon  the  new  breech -loading  rile, 
and  the  armament  of  field  artillery  for  lodtiv 
or,  in  less  important  eases,  the  matter  wtU 
be  submitted  to  the  consideration  of  a  per* 
manent  committee  of  inventloos.  The  i 
mittee  of  inventions  will  be  for  the  pre* 
composed  of  Colonel  Mil  ward,  R,A.,  C" 
Colonel  Shaw,  B.A,;  Colonel  Wray,  K.- 
(late  Bombay  Artillery);  Lieutenant-Colo 
Heyman,  H.A, ;  with  Captain  ilarriMiii 
secretary.  By  this  reorganiiuition  of  i 
duties  of  the  Ordnance  Select  Comuiitt 
a  great  improvement  will  be  prol»ably  efr*« 
ed,  and  great  dissati^factioa  will  bv  r«s 
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sd ;  for  there  is  no  donbt  that,  justly  or  un- 
jutlj,  the  late  Ordnance  Select  Committee 
vu  suspected  by  the  outside  world  to  be 
BOBposed  too  exclusively  of  officers  of  scien- 
kifie  tendencies,  interested  in  inventions,  who 
vere  not  inclined  to  view  with  favor  or  even 
impartiality,  inventions  which  did  not  ori- 
Euate  among,  their  own  adherents.  The 
iev  Ordnance  Board  will,  however,  be  far 
ibove  any  such  suspicion ;  and,  as  its  mem- 
bra sit  tx-officio  it  is  almost  certain  to  re- 
nain  so.  A  tribunal  will  thus  be  secured 
vhich  will  be,  if  not  always  satisfactory  to 
iBTentors,  open  to  no  suspicion  of  favor, 
partiality  or  affection,  while  the  country 
vill  find  in  it  an  adequate,  completeut  and 
inexpensive  arbiter  of  what  is  requisite  for  its 
■ecessities,  as  the  members  will  receive  no 
idditional  emolument  for  their  services  in 
this  capacity. 


rHE  HoLYOKE  Dam. — The  dam  across  the 
Connecticut  River  at  Holyoke,  Mass., 
ittving  an  unbroken  length  of  upwards  of 
1,000  feet  and  with  the  water  pouring  over 
it  in  a  massive  sheet  with  a  fall  of  30  feet, 
kas  long  constituted  one  of  the  most  note- 
worthy of  the  many  objects  of  interest  in 
that  portion  of  the  country.  The  pictur- 
esque aspect  is,  however,  doomed  to  be 
done  away  with,  for  the  wear  of  the  waters 
spon  the  soft  rock  at  the  base  of  the  dam 
has  hollowed  it  out  to  a  depth  of  from  six 
to  eight  yards,  thus  endangering  the  founda- 
tions of  the  structure  and  necessitating  re-' 
pairs  which  amount  practically  to  thorough 
reconstruction,  and  which  will  change  the 
waterfall  into  swift  rapids  shooting  down  an 
artificial  inclined  plane. 

The  process  of  repair  is  now  being  carried 
on  with  great  energy,  a  portion  279  feet 
long  at  the  centre  of  the  dam  having  been 
already  completed.  For  a  distance  of  50 
feet  down  the  stream,  a  series  of  timbers, 
locked  and  framed  one  over  another,  nave 
been  laid,  and  their  interstices  filled  with 
itone.  Thef^  from  the  bed  of  the  stream  rise 
to  a  height  of  twenty-five  feet  to  the  surface  of 
the  water.  From  the  front  edge  of  the  sub- 
itructure  thus  formed,  the  frame-work  is  con- 
tinued with  an  inclined  surface  until  it 
reaches  the  crest  of  the  dam  30  feet  above. 
Fhli  solid  mass  of  stone  and  timber  is 
covered  with  square  logs  a  foot  in  diameter, 
ind  pinned  fast  to  the  timbers  underneath  ; 
Bpon  these  are  spiked  maple  planks  four 
inches  thick,  which  make  the  covering  for 
the  whole.     The  crest  of  the  dam  for  a  width 


of  five  feet  is  designed  to  be  covered  with 
three-sixteenths  boiler-plate,  of  which  not 
less  than  sixteen  tons  will  have  been  used 
by  the  time  the  work  is  finished. 

The  portion  or  section  of  the  dam  of 
which  we  have  just  spoken  has  alone  requir- 
ed about  one  million  feet  of  lumber,  eight 
thousand  square  rods  of  stone,  and  fifteen 
tons  of  bolts.  The  weight  of  the  entire 
structure  is  estimated  at  thirty-three  tons. 
The  weight  of  that  part  of  the  dam  is  capa- 
ble of  resisting  about  four  times  the  ordinary 
pressure  of  the  water  upon  it. — American 
Artisan. 


JAMES  Chalmers. — If  the  inventor  of  the 
best  system  of  armor  plating,  could  have 
enjoyed,  while  he  was  toiling  for  a  trial  of 
his  scheme,  a  little  more  of  that  good  Eng- 
lish feeling  and  appreciation  that  the  Lon- 
don newspapers  are  bestowing  now  that  he 
is  dead,  it  would  have  been  better  for  all 
concerned.  The  system  of  backing  armor 
plates  by  a  cell-work  of  thin  wrought  iron 
plates,  first  introduced  by  Mr.  Chalmers, 
has  been  improved  only  in  size  and  detail,  and 
is  now  the  principle  upon  which  every  suc- 
cessful target  is  constructed.  Mr.  Chalmers' 
first  target  was  not  constructed  at  Govern- 
ment expenae,  but  at  the  expense  of  Sir  S. 
M.  Peto.  After  its  successful  trial,  says  the 
**  Army  and  Navy  Gazette :  "  Mr.  Chalmers 
suffered  the  mortification  of  seeing  muny  of 
the  essentials  of  his  inventions  copied  and 
embodied  in  the  recent  additions  to  the 
Navy,  without  either  acknowledgment  or 
compensation;  and,  notwithstanding  all  his 
endeavors,  he  was  never  able,  till  lately,  to 
prevail  on  the  Government  to  get  another 
target  built  embodying  his  invention,  to  be 
tried  against  a  Government  one  of  the  same 
size  and  weight  of  metal.  In  this,  careworn 
and  wearied  by  official  obstructions  and  de- 
lays, his  naturally  strong  constitution  gave 
way,  and  during  the  last  eighteen  months 
his  health  had  been  far  from  good,  till  at 
last  he  died  on  the  26th  of  December,  at  his 
residence  in  London. 

Mr.  Chalmers  was  also  the  author  of  a 
scheme  of  sunken  channel  railway,  between 
England  and  France.  His  plan  was,  to 
have  a  tube  of  boiler  plate,  lined  with 
brick,  laid  on  the  bottom  of  the  sea,  with 
ventilating  towers  at  intervals ;  and  the 
pamphlet  which  hv.  published  on  the  subject 
attracted  general  attention,  and  no  small 
amount  of  criticism  at  the  time. 
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FOSTER'S  RAIL  JOINT. 


Now  that  the  subject  of  i  ^-5 

the  coiUinuitj  of  raiU,  is  ret  ,e* 

ral  attention  in  this  country,  ^ti  ^ItikU 
publish  from  time  to  time,  the  parluukrt 
and  results  of  such  new  ilevieen  um  hikft 
been  well  toisted,  or  iiry  obviuu^ly  [n-icti* 
oablo. 

The  joint  fastening  shown  in  the  eut»,  \$ 
the  invention  of  Mr,  Foster,  Superintend- 
ent of  the  Logant*port,  Peoria  and  Bar* 
lington  railway.  It  has  grown  oiit  of  hit 
observation  of  tbe  remark?iblc  wear  wf 
several  pieces  of  track  which  had  to  he 
laid  in  a  peculiar  manner  owi  x\ 

caiiMcs;  the  rails  were  pract  4* 

wiched  at  the  joints,  and  havtj  ouiworn 
several  similar  rails  laid  iu  the  com ra  1*0 
manner.  About  ten  tons  of  these  joiuta 
'  have  been  under  practical  teat  during  two 
years  past  on  the  road  mcntioneij,  alsa 
on  tbe  Chicago  and  Great  Ka.ftem,  upon 
tracks  unod  in  common  by  the  »e%eral 
ruiidn  centering  at  Logansport,  also  upun 
hidings  where  a  large  amount  of  shtftiiig 
is  dune  ;  locomotives  ran  over  tbe  joints 
11^00  to  300  times  per  day.  Th^  rc^^lla 
areextremely  satisfactory »wh*  I  ri^d 

with  all  forms  of  chair:^ ;  the  <*» 

not  state,  however,  M'hether  it  in^-i  bmn 
compared  with  the  best  of  the  modem 
fastenings.  The  lateral  as  well  ae  lh« 
vertical  continuity  of  the  tri^ck  in  well 
I  preserved,  A  great  saving  in  repairi  it 
clearly  shown.  No  stops,  O,  have  Wen 
placed  upon  the  wedges^  but  out  of  the 
whole  ten  tona,  but  two  have  got  loo^. 
Experiments  have  shown  that  the  Joint 
has  less  deflection  uuder  a  pa^fiing  losd 
than  the  solid  rail. 

The  most  economical  and  efleetive  form 
of  splice,  wbeti  the  mil  is  nuitably  !<haped. 
is  the  fish  bar  between  the  head  und  fli&nge. 
How  to  keep  the  fi.-^h  bar  tight,  hivi  taxed 
the  ingenuity  of  inventors  forstome  twenty 
yiars.  In  this  case,  it  h  held  up  to  the 
niil  by  an  oak  wedge,  W,  bearin>^  upon 
the  whole  face  of  the  fish  bar,  and  hence 
not  likely  either  to  mash  or  to  ulip.  With 
a  rail  of  the  form  shown  (in  di»tlnctioa 
from  the  low  **  pear  head'*}*  and  «  stiff 
clanip,  C,  the  fish  is  certain  to  remain 
tightly  wedged  between  the  tables^  of  ibt 
ruil,  aiHl  to  be  fully  utilised.  The  lipof 
the  clamp  C  is  also  wedged  tightly  opoo 
the  flange  of  the  rail  by  the*  same  wedg« 
that  secures  tbe  fish  plate,  thus  reaI»«iog 
in  some  degree  the  advantnge  of  the  new 
Reeves*  joint,  which  is  a  tight  clamp  upon 
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tKe  flanges  of  the  rail.  The  clamp  C  and  the 
woodenlongitudinal  B  also  add  a  considera- 
ble reaiatance  to  deflection ;  but  the  chief 
office  of  the  longitudinal  is  to  form  a  back- 
ing for  the  wedge.  The  joint  is  suspended 
between  two  sleepers,  thus  giving  ample 
elasticity,  and  also  preventing  the  "•  creep- 
ing" of  the  track.  Ths  wood  (oak)  is  sea- 
soned, soaked  in  oil,  planed,  and  carefully 
adjusted. 

The  best  feature  of  this  joint  is  the  secu- 
rity of  the  fastening — the  long  wedge  will 
not  slip,  though  it  may  be  readily  set  up ; 
and  its  strength  is  a  simple  question  of  size  of 
wedge  and  longitudinal.  The  joint  is  adapted 
to  every  form  of  rail,  and  may  thus  improve 
tracks  that  cannot  be  fished  to  advantage. 
It  is  well  adapted  to  steel  rails,  because  it 
requires  no  nicking  or  punching  of  the  rails, 
either  to  prevent  "•  creeping^'  or  to  hold  the 
fidh  bar  in  place. 


IRON  Architecture. — From  a  historical 
article  on  this  subject  in ''  Engineering,*' 
we  gather  the  following  facts:  In  1783 
Robert  Ransome  patented  the  application  of 
cast  iron,  variously  ornamented,  to  roofs. 
Twenty-five  years  later,  Ralph  Dodd  ob- 
tained a  patent  for  applications  of  iron  to 
floors  and  to  ship  work,  including  hollow 
columns.  Several  patents  followed  for  the 
(kubittitution  of  iron  for  timber  work.  In 
ISll  Thomas  Pcarsall  patented  the  use  of 
iron  skeletons — standards,  joists,  &c. — to  be 
filled  in  with  brick  work.  Ten  years  later 
iron  beams  were  first  employed  for  fire-proof 
fltiors,  at  a  cotton  mill  in  5lanchester.  In 
ISwM  Pearsairs  iron  skeleton,  covered  with 
iron  sheets,  was  applied  in  the  erection  of  a 
|as  works  in  London ;  and  in  1842  Messrs. 
Laycock,of  Manchester,  constructed  an  iron 
palace,  fifty  feet  by  thirty  feet,  and  three 
stories  high,  fur  the  King  of  Eyamba,  on 
the  Calabar  river.  About  this  time  Messrs. 
Gus->cll  were  making  iron  buildings  for  erec- 
tion abroad ;  iron  frames  and  corrugated 
sheet-iron  covering,  and  shortly  afterwards, 
the  manufacture  of  portable  iron  houses 
largely  increased.  In  1845,  Mr.  W.  Vusc 
Pickett  formed  a  company  to  erect  iron 
buildings,  an<l  was  the  first  to  advocate  the 
a»e  of  the  cellular  form  of  construction,  and 
the  ornamentation  of  pannols  to  resemble 
Btone.  But  with  the  exception  of  the  Great 
Exhibition  buildings  of  1851  and  1862,  and 
a  few  large  structures  for  special  purposes, 
and  some  mere  sheds  without  ornament,  the 


use  of  iron  for  building — for  street  archi- 
tecuture — has  been  singularly  neglected  in 
England. 

In  the  United  States,  on  the  contrary, 
thousands  of  iron  structures  have  been  erect- 
ed, and  such  is  their  design  that  iron  facades 
can  hardly  be  distinguished  from  stone.  The 
first  of  these  buildings  was  put  up  by  Dan- 
iel D  Badger,  of  New  York,  in  1842.  In 
the  following  year  A.  L.  Johnson,  of  Balti- 
more, introduced  revolving  iron  shutters, 
and  by  a  combination  of  these  with  iron 
posts,  the  lower  stories  of  commercial  build- 
ings came  to  bo  generally  made  of  the  new 
material.  About  this  time  James  Bogar- 
dus,  of  New  York,  was  working  succesfully 
in  the  same  direction,  and  in  1847  he  erect- 
ed his  lofty  iron  factory,  which  was  subse- 
quently taken  down  and  re-erected,  on  ac- 
count of  the  widening  of  a  street.  The 
Architectural  Iron  Works  of  New  York  and 
other  American  cities,  are  now  very  numer- 
ous, one  of  the  latest  and  most  prosperous 
being  a  branch  of  the  Novelty  Iron  Works. 
Some  150  iron  buildings  appear  in  Broad- 
way, and  the  use  of  this  material  appears  to 
be  largely  increasing. 


THE  Leavenworth  Bridge. — A  con- 
tract for  the  construction  of  a  bridge 
over  the  Kansas  river  at  Leavenworth,  has 
been  definitely  concluded  with  that  eminent 
bridge  builder,  L.  B.  Boomer,  Esq.  The 
bridge  is  to  be  completed  for  both  railway 
and  highway  traffic  in  twelve  months,  at  a 
cost  of  three-quarters  of  a  million  of  dol- 
lars. The  main  bridge  will  consist  either 
of  three  spans  of  340  feet  each,  or  four 
spans  of  258  feet  each,  the  superstructure 
to  be  of  iron,  upon  the  plan  known  as  the 
'*  Post's  Patent  Inflexible  Truss."  The  west 
abutment  will  be  of  first-class  masonry ;  the 
rest  of  the  substructure  of  cast  iron  pneuma- 
tic piles  or  cylinders,  each  8J  feet  in  dia- 
meter, to  be  driven  to  the  rock  (about  60 
feet  below  low  water  mark,)  and  carried  up 
to  the  brid;:e  scat,  the  whole  hei^'ht  from 
rock  to  bridge  seat  being  about  185  feet. 
These  columns  are  to  be  filled  with  cement 
and  will  be  thorcmghly  braced  to  each  other, 
and  each  pier  will  have  an  iron  ice-breaker 
supported  by  another  cylinder  driven  to  the 
rock  and  brought  up  to  low  water  mark. 
The  approaches  (about  4,000  foet  long,)  are 
to  be  built  of  wooden  trestles. — Chicago 
Railway  Review, 


EXPERMENTAL   RESEARCHES  ON  THE 

MECHANICAL  PROPERTIES  OF  STEEL 
By  Wm.  Faihbairn,  L.L,D.t  F,R,S,,  &o. 

From  lh«  **  Qa&rterljr  JouTDftl  of  Seieocft." 
The  present  may  be  justly  considered 
the  ikge  of  iron,  as  m  every  branch  of  in- 
dustry where  foreOt  form,  and  motion  are 
renuired,  iron  enters  largely  into  construe- 
tiou,  and  its  powers  of  applleation  have  sup- 
planted almost  every  other  material  It 
pre8i'nt!«  wonderful  faeiHtieii  in  its  adaptation 
to  every  description  of  art,  whether  of  the 
useful  or  decorHtive  style  ;  and  itw  improved 
tenacity,  elasticity  and  ductility  have  en- 
larged its  field  of  uwefnlnest*  in  the  construc- 
tion of  bnilding»t  shipB,  steam -engines, 
bridges,  and  machinery  of  all  sorts  where 
^irength  combined  with  lightness  is  required. 
To  this  powerful  and  valuable  material  we 
are  indebted  for  railways,  locomotives,  and 
rolling  stock  ;  and  there  is  no  branch  of 
manufacture  in  which  it  does  not  form  a 
whole  or  a  prominent  part.  Possessed  of 
such  a  material  in  its  cheapest  and  best  forma, 
we  hhouid  be  deficient  in  duty  if  we  left  it 
in  the  rude  state  in  which  it  was  found  in 
the  days  of  Cort  and  his  immediate  aucces- 
Bors,  That  great  improvements  have  been 
effected  of  late  years  does  not  admit  of  doubt, 
and  there  is  probably  no  material  that  has 
undergone  greater  changes  in  its  manufac- 
ture than  iron  ;  and  judging  from  the  at- 
tempts that  are  now  makings  and  have  been 
made,  to  improve  its  quality  and  to  enlarge 
its  sphere  of  application,  we  may  reasona- 
bly conclude  that  it  is  destined  to  attain  still 
greater  advances  in  its  chemical  and  me- 
chanical properties.  The  earliest  improve- 
ment* in  the  process  of  the  manufacture  of 
iron  may  be  attributed  to  Cort,  who  intro- 
duced the  process  of  boiling  and  puddling  in 
the  reverberatory  furnace^  and  those  of  more 
recent  date  to  Bessemer,  who  first  used  a 
aeparatc  vessel  for  the  reduction  of  the  met- 
al8»  and  thus  effect cd  more  important  changes 
in  the  manufacture  of  iron  and  steel  than 
had  been  introduced  at  any  former  period 
in  metallurgic  history.  To  the  latter  sys- 
tem we  owe  most  of  the  improvementa  that 
have  taken  place  ;  for  by  the  comparatively 
new  and  interesting  process  of  burning  out 
the  ciirbon  in  a  separate  vessel,  almost  every 
description  of  steel  and  refined  iron  may  be 
pro^luced.  The  same  results  may  be  obtain- 
ed by  the  puddling-furnace,  but  not  to  the 
same  extent,  since  the  artificial  blast  of  the 
Bessemer  principle  acts  with  much  greater 


force  in  depriving  the  metal  of  iti»  cnr^m. 
and  in  reducing  it  to  the  slate  of  rtrhtiod 
iron.  By  this  new  process  increased  f»nli* 
ties  are  afforded  for  attaining  new  eombmi* 
tions,  by  the  introduction  of  tiiea^nred  tjioa- 
titles  of  carbon  into  the  converting  vin**l, 
and  this  may  be  so  regulated  «s  lo  fonts  fled 
or  iron  of  the  homogeneous  state,  of  ftoj 
known  quality. 

The  production  of  iron  and  steel  in  tlit 
homogeneous  state  is  one  of  the  roost  impor- 
tant improvements  that  has  taken  place  sinct 
the  process  of  rolling  direct  from  the  rcTcr- 
beratory  furnace.  The  former  proccM  wm 
first  to  melt  the  iron  as  it  came  from  th« 
smelting-furnace  in  the  shape  of  pigs,  to  pud* 
die  it  or  to  stir  it  about  until  the  mass  l»>ok  the 
form  of  a  ball  deprived  of  its  carbon  ;  it  vs^ 
then  placed  under  the  hammer,  and  fortned 
into  slabs  or  ingots  The  next  process  was  to 
roll  it  into  bars,  which  being  cut  into  »h<in 
pieces,  were  again  heated  and  rolled  eiUi^ 
into  plates  or  bars  as  required. 

Now  the  great  defect  of  this  procea»  wil 
the  unsound  state  of  the  iron,  oji  thu  1«««| 
rust   or   scorice    on  the  surface  ^>'  '>^i 

bars  prevented  the  welding  or  fu  it 

metals,  and  hence  followed  what  art^  c^^Utd 
blistered  plates,  or  laminated  bars  of  un- 
sound construction. 

The  new  process,  it  will  be  observed,  ob- 
viates all  these  difficulties,  as  in  the  Bc»* 
semer  process  the  melted  iron  is  deprived  of 
its  carbon  by  the  action  of  an  artificial  bUst— 
the  same  as  formerly  prevailed  on  the  hearti 
of  the  refinery — and  thence  it  is  ca»i  iato 
ingots  of  the  weight  required,  either  for  the 
hammer  or  the  rullg.  From  this  it  will  b< 
seen  that  the  risk  of  piling  and  wclJing  b 
entirely  dispensed  with,  and  the  article  prtn 
dnced,  whether  of  iron  or  steel,  is  perfect  in 
its  homogeneity.  It  may  be  of  good  or  io^ 
fcrlor  quality,  hard  or  soft,  but  by  this  pro* 
cess  it  is  free  from  the  risk  of  being  nnsotiod 
in  its  homogeneous  state. 

As  regards  the  steel,  of  which  we  htkve  lo 
submit  the  results,  as  produced  by  thcprifiet* 
pal  munutftcturcrs  of  this  country,  it  will  te 
oK^erved  that  in  making  steel  from  the  pud* 
dling-furnace,  similar  combinations  may  be 
produced,  but  with  less  certainty  ns  regards 
quality,  as  everything  depends  on  the  »kiU 
of  the  operator  in  closing  the  faroaco  at  th« 
precise  moment  of  time,  before  the  mass  is 
deprived  of  its  carbon.  This  precaution  is 
necessary  in  order  to  retain  the  exact  quan- 
tity of  carbon  in  the  puddled  ball,  so  aa  to 
produce  by  combination  the  requisite  qu&lttj 


TAN  NOSTRAND*S  ENGINEERING  MAGAZINE. 


271 


•f  steel.  It  will  be  observed  that  in  the ' 
BtiS2cwer  process  this  uncertainty  docs  not  | 
exist,  as  tbe  whole  of  the  carbon  is  volatiliz- 
ed or  barat  out  in  the  first  instance ;  and 
bj  pouring  into  the  vessel  a  certain  quanti- 
ty of  crude  metal  containing  carbon,  any 
percentage  of  that  element  may  be  obtained 
in  combination  with  the  iron,  possessing 
qualities  best  adapted  to  the  varied  forms  of 
coBiitruction  to  which  it  may  be  applied. 
Thus  the  Bessemer  process  is  not  only  more 
perfect  ID  itaelf,  but  admits  of  a  greater  de- 
gree of  certainty  in  the  results  than  couli 
possibly  be  attained  by  the  mere  employ- 
•  ■eat  oi  the  eyes  and  hands  of  the  most  ex- 
perienced puddler.  Thus  it  appears  that 
the  Bessemer  process  enables  us  to  manu- 
facture steel  with  any  given  proportion 
of  carbon,  or  other  eligible  clement,  and 
thus  to  describe  the  compound  metal  in 
terms  of  its  chemical  constituents. 

Important  changes  have  been  made  since 
Mr.  Bessomer  first  announced  his  new  prin- 
dciple  of  conversion,  and  the  results  obtained 
from  various  quarters  bid  fair  to  establish  a 
new  epoch  in  metallurgic  manipulation,  by 
the  production  of  a  material  of  much  greater 
general  value  than  that  which  was  produced 
by  the  old  process,  and  in  most  oases  of 
double  the  strength  of  iron. 

The^w  improvements  are  not  exclusively 
confined  to  the  Bessemer  process,  for  a  great 
variety  of  processes  are  now  in  opera- 
tion producing  the  same  results,  and  hence 
we  have  now  in  the  market  homogeneous  and 
every  other  description  of  iron,  inclusive  of 
steel,  of  such  density,  ductility,  etc.,  as  to 
meet  all  the  requireiuents  of  the  varied  forms 
of  construction. 

The  chemical  properties  of  these  different 
kinds  of  steel  have  been  satisfactorily  cs- 
t;Ablisheil ;  but  we  have  no  reliable  knowledge 
of  the  mechanical  properties  of  the  different 
deM:riptions  of  homogeneous  iron  and  steel 
that  are  now  being  produced.  To  supply 
tills  desideratum,  I  have  endeavored,  by  a 
series  of  elaborate  experiments,  to  determine 
tbe  comparative  values  of  the  different  kinds 
of  ?iccl,  as  reirards  their  powers  of  resistance 
to  transverse,  tensile,  and  compressive  strain. 
These  experiments  have  been  instituted 
not  only  fur  those  engaged  in  the  const  rue- 
tiro  arts,  but  also  to  enable  the  engineer  to 
make  ^elections  of  the  material  as  will  best 
»uit  hi<(  purpose  in  any  work  pniposcd.  In 
orler  to  arrive  at  correct  results,  I  have 
apfilii:  1  to  the  first  houses  for  the  specimens 
«xpcriiueutod  upon,  and  judging  from  the 


results  of  these  experiments,  I  venture  to 
hope  that  new  and  important  data  have  been 
obtained,  which  may  safely  be  relied  upon 
in  the  selection  of  the  material  for  the  dif- 
ferent forms  of  construction. 

For  several  years  past,  attempts  have  been 
made  to  substitute  steel  for  iron,  on  account 
of  its  superior  tenacity  in  the  construction 
of  ships,  boilers,  bridges,  etc. ;  and  there 
can  be  no  doubt  as  to  the  desirability  of 
employing  a  material  of  the  same  weight 
and  of  double  the  strength,  provided  it  can 
at  all  times  be  relied  upon.  Some  difficul- 
ties, however,  exist,  and  until  they  are  re- 
moved it  would  not  be  safe  to  make  the 
transfer  from  iron  to  steel.  These  difficulties 
may  be  summed  up  in  a  few  words,  viz :  the 
want  of  uniformity  in  the  manufacture,  ia 
cases  of  rolled  plates  and  other  articles, 
which  require  perfect  resemblance  in  char- 
acter, and  the  uncertainty  which  pervades 
its  production.  Time  and  a  close  observa- 
tion of  facts  in  connection  with  the  different 
processes  will,  however,  surmount  these  dif- 
ficulties, and  will  enable  the  manufacturer 
to  produce  steel  in  all  its  varieties  with  the 
same  certainty  as  he  formerly  attained  in 
the  manufacture  of  iron. 

In  the  selection  of  the  different  specimcna 
of  steel,  I  have  endeavored  to  obtain  such, 
information  about  the  ores,  fuel  and  process 
of  manufacture  as  the  parties  supplying  the^ 
specimens  were  disposed  to  furnish.  To  a 
series  of  questions,  answers  wore,  in  most 
cases,  cheerfully  given,  the  particulars  of 
which  will  be  found  in  the  experimental 
tables,  published  in  the  Transactions  of  the 
British  Association  for  18G7. 

I  have  intimated  that  the  specimens  have 
been  submitted  to  transverse,  tensile,  and 
compressive  strain,  and  the  summaries  of 
results  will  indicate  the  uses  to  which  the 
different  specimens  may  be  applied.  Table 
I.  gives  for  each  specimen  the  modulus  of 
elasticity,  and  the  modulus  of  resistance  to 
impact,  together  with  the  deflection  for  unity 
of  pressure  ;  from  these  experimental  data 
the  engineer  and  architect  may  select  the  steel 
possessing  the  actual  quality  required  for  any 
particular  structure.  This  will  bo  found  es- 
pecially requisite  in  the  construction  of 
boilers,  ships,  bridges,  and  other  structures 
subjected  to  severe  strains,  where  safety, 
strength,  and  economy  should  be  kept  in 
view. 

In  the  case  of  transverse  strain  some  dif 
ficulties  presented  themselves  in  the  coiirs 
of  the  experiments,  arising  from  the  ductil 
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laature  of  same  part  of  the  material,  and 
bfrom  its  tendency  to  bend  ur  deflect  to  aeon- 
'liderable  depth  without  tracture. 

But  thiii  is  always  the  ea^e  with  tough 
bars*  whether  of  iron  or  gteel*  and  heii^c  ibe 
necesjiiity  of  fixing  upon  some  unit  of  mta- 
gure  of  the  defleelious,  in  order  to  compare 
the  fleatibility  of  the  bars  with  one  another, 
and,  from  the  mean  value  of  this  unit  of  de- 
flection, to  ohtuin  a  mean  value  of  tlje 
modulus  of  ela!iticity  (K)  for  the  different 
bars.  This  unit  or  measure  of  flexibiiity 
given  in  the  table,  is  the  mean  value  all 
the  deflections  correaponding  to  unity  of 
pre.M!«ure  and  section.  In  order  to  determine 
tie  resistance  of  the  bars  to  a  force  analo- 
goujj  to  that  of  impact,  f^«  tiXfrk  in  deflucting 
each  bar  up  to  its  limit  of  elasticity  bass 
been  calculated.  These  results  difier  con- 
siderably from  each  olher,  ^ihowing  the  dif- 
ferent degree  of  hardness,  ductility,  etc.,  of 
the  material  of  wbieh  the  bar»arecamposed. 
The  transvcr:?c  strength  of  the  diff'erent  bars 
up  to  their  limit  of  elasticity  is  hhown  by 
the  amount  of  the  modulus  of  strength  or 
tfie  unit  of  strmigth  calculated  for  each  bar. 
Table  II,  on  Tensile  Strain,  gives  the 
breaking-strain  of  each  Imr  per  square  ineh 
of  sectiou,  and  the  corresponding  elongation 
of  the  bar  per  unit  of  length,  together  with 
the  ultimate  resistanee  of  each  bar  to  a  force 
analogous  to  that  of  impact. 

Table  II I*  on  Compression,  gives  the 
force  per  fc^quare  inch  of  beet  ion  r<^t|uisito  to 
cra>h  »hort  eolumns  of  the  different  speci- 
mems,  with  the  corresponding  compression 
of  the  column  per  unit  of  length,  togetlier 
with  the  work  expended  in  producing  thiii 
compression. 

It  will  be  observed  from  the  following 
r  tables  that  the  results  of  the  experiments 
[  ihow  that  the  deflections  produced  by  a 
ftrausverse  strain  arc  in  prt^portion  to  the 
^re.-tsures  within  the  limiti*  of  elastieity. 

In  Table  1,  as  in  the  other  two  on  tension 
and  compression, the  value  of  the  work  done  on 
each  specimen  halt  been  determined,  and  the 
results  recorded  in  the  la>it  column  indieate 
the  comparative  strength  of  each  particular 
bar ;  and  the  mean  value  of  the  deflections 
cor  respondinir  to  unity  of  pressure  and  section 
will  bo  found  in  column  iJ.  These  may  be 
lakmi  ii3  the  meai^urefd"  flexibility,  olastieity, 
and  ductility  of  the  different  bars,  and  the 
u*e8  to  which  the  material  may  be  applied. 
The  mean  value  of  E,  the  modulus  of 
ehi§licity  taken  fur  thirty  of  the  be^^t  speci- 
mens, is  about  81,000,UI}0,  which  exceeds 


that  of  wrought  iron  by  mor«  than  tie  ikir* 
tieth  part.  8teel  having  ii  tnurb  ^rt«Ur 
flexibility  than  malleable  iron,  af^ouittj  f^ 
the  approximation  of  their  rrjipectivf*  valiei 
in  D.  This  arises  from  the  fact  if  &t  tk« 
bur^  of  the  greatest  flexibilitr^ —  zf 

bring  the  Fame— have  the  lciE*t  \ . ,  ;  lie 

modulus  of  elasticity. 

On  tensile  strain  the  meaD  result  denrtd 
from  thirty  of  the  best  sfpecimcii;  h  4T.T 
tons,  or  nearly  48  tons  per  square  inch  ;  ti>d 
in  this,  as  in  the  previous  table,  the  IIM^ 
sure  of  ductility  and  strength  is  git  en  is 
rhe  last  column,  which  indicates  the  ultilitj 
of  the  material  and  the  purpoetcs  for  whko' 
it  may  be  selected. 

Comparing  the  best  quality  of  stcvcl  with 
the  best  wrought  iron  at  2-4  tooh  as  the 
breaking-weight  per  j^quare  inch,  we  find  that 
we  have  a  material  of  double  the  Mren^lh 
with  the  same  weighti  or  what  ]»  the  »atnc 
thing,  of  only  half  the  woiisht  with  the&attte 
aame  strength,  or  as  47.7  to  !24.  In  tbt 
art  of  construction  these  are  coniiidcratfoii< 
of  great  importance;  and  in  rvery  etM 
where  steel  can  be  depended  upon,  it  iji  en- 
titled, on  the  score  of  economy  and  light* 
ncss,  to  the  judgentent  and  praetieal  knov* 
ledge  of  the  aruhiteet  and  engineer. 

lu  Table  III|  on  comprcs.^!on»  each  of 
the  specimens  were  reduced,  when  cut  from 
the  hart,  previously  experiaicnt4?d  upon,  to 
small  enhimns  of  \  inch  diameter  and  \  Inch 
in  height.  They  were  each  loaded  with 
weights  equal  to  100  tons  per  i^quare  inch, 
without  undergoing  any  sensible  appeanuioe 
of  fracture.  On  consulting  the  tabic  it  will 
be  found  that  with  the  above  weight  of  ItW 
tuna  per  square  inch  the}^  were  eomprcj^f^^d, 
on  the  average,  to  two-thirds  their  original 
length  ;  and  from  these  facts  we  were  enabled 
to  And  the  value  of  i/,  recorded  in  the  last 
column,  as  the  value  of  work  done  by  the 

which  proiiuecd  the  change  of  fi>rm  in  e       

the  specimens  i^ubmitted  to  pressure.  This,  ft 
will  be  observed,  was  the  true  test  of  thd 
powers  of  resistance  of  the  respective  spm* 
mens  to  a  compressive  strain,  and  the  f?oii* 
ditions  under  which  materials  of  similar 
properties  may  be  safely  applied  in  conotmo* 
tive  art. 

On  com  pari  nil  the  mean  tensile  re«t}jrUuiOd 
to  rupture  at  47,7  tons  per  square  inch,  it 
will  be  seen  that  the  rest  stance   ^  n^ji- 

sion    is    more    than  double  the  i  to 

extension,  or  as  100*7  to  47*47,  hi  iu^;  iuth« 
ratio  of  near  2:1.  Hence  it  follows  that 
the  moit  ecoaomlo  form  of  a  stc«l  b«r  an* 
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CoxPABisosr  OP  Stxbl  Makufactubed  after  the  Bessemer  Process  with  that  Manufac- 
tured BT  OTHER  Processes. 

Tarlb  I. — TVansvtne  Strain  on  Inch-square  Bars,  and  4  ft.  6  in,  Bettveen  the  Supports. 


V.  b  e 

O    1                       o   K          1 

«  1 

la^ 

*1 

0,  w 

(p'S 

Vjm 

^ll- 

^1 

''h 

MAHUFAGTUREB. 

Description  of 
steel. 

Mean  value 
modulus  of 
city  E. 

iJ-2«H 

ean  value 
ho  unity  o 
ng  strengt 

Remarks. 

j5^p- 

55-  o 

a-- 

Tons. 

^Miii*  J.  Brown  A  Co. . . 

Bessemer  steel, 

•0012739 

30,780,000 

52-721 

5-918 

Mean  breaking  weight, 

1,000  lbs. 
Mean  breaking  weighty 

950  Ibd. 
Mean  breaking  weighty 

X«ai«  C.  Cammell  A  Co. 

Bessemer  steel, 

•0013518 

29,166,000 

59 -897 

5-921 

M'  Mn  H.  Befnener  A  Co. 

Bessemer  steel, 

•0016684 

29,818,000 

49-489 

5-659 

Tho  HmiAlito  8t««l  and 

1 

975  lbs. 

IroD  Coupaoy ..... .... 

Bessemer  steel, i  •  0014500 

27.153.000 

26-463 

3-914 

Soft  steel. 

'       '       ' 

ICfrui. 

'  * 0014382  '  29.215.000 

47^142  !  &-9R3 

Xottn.  Naylor,    Vieker« 

A  Co :  Melted   in  thcj 

i    emclble !  -0013007 

30,278,000 

65-049 

6.548 

Vettn.  8.  Oflbom  A  Co..*  Melted    in  the! 

Hewn.   C.   Sandenoa   A     crucible •001429« 

27,482,000 

52-574 

5-622 

Mean  breaking  weight. 

Brothers 

Melted  in    the' 

1,250  lbs. 

erneible j  .0013209 

29,973,000 

47-411 

5-521 

Mean  breakingweighty 

Hewn.  T.  Tarton  A  Sons, 

Melted  in    the! 

1,250  Iba. 

Tbo    Titanic    Steel    and|     crucible 1  -0013120 

30,294,000 

52-680 

5-886 

Blean  breaking  weighty 

Iron  ComoanT. .... .... 

Movhet'fl  steel.    •0012X50 

si.uoi.nno 

63-542 

6-435 

1,2U0  lbs. 

1 

3leu '   

1  -0013196  '  '<o.fli9.nnn 

56-251 

6-0U2 

1  ' 

Table  II. — 7Vn«t7«  Strain  on  Bars  i  inch  Diameter — Elongations  Taken  on  S  in.  Length, 


va!;cfactcrer. 


Description  of  steel. 


MeMfv.  J.  Brown  A  Co..'  Desscmer  stoel. 
Hctfrt.  Cammell  and  Co.  Bessemer  steel. 
Mc«srs.  Br.4:>emer  A  Co...   Bessemer  steel. 
The  Hx*matire  Steel  and 
Iron  Coippany ,  Desscmcr  steel. 


7-7«6r>  I 
7-8119  . 
7-7726  ; 

7-7951   ; 


HI 

Mean  breaking 
strain  per  so^uare 
inch  of  section. 

Lbs. 

Tons. 

.33-603 
.34-085 
38-18U 

33-321 

90,379 

101,132 

89,955 

72,195 

40-35 
45-U 
4U-16 

32-22 

c  ja 

^L. 

c  *» 

.*  SCO 

•-   fcO 

■S   '-'^ 

SI 

5«- 

-=  o 

is-^  >* 

V  ^ 

i«2« 

c 

,  >    ^ 

IL 

lean 
work 
turo. 

,*s, 

-0460 

;     2002 

0595 

1     2714 

•0753 

;    3212 

•0942  I     3351 


Mean. 


7  7801  \      34-299  I      88,415  ;     39-40  j     -0C82  |     2819 


Me«f«.    Nay  lor,    Vicker*'  | 

A  Co I    '  Melted  in  the  crucible,' 

Me?.<rs.  S.  0»Horn  A  Co..    Mdted  in  the  crucible,, 

Me**r«.   C.    Sanderson   A 
Brdtbrr.i Melted  in  the  crucible,! 

Mcs?ri.  T.  Turton  A  Sons,  Melted  in  the  crucible, 

The    Titanic    Steel     and. 
Iron  Cum;jany Mushet's  steel 


7-8198  . 
7-77Jb 

7-75ft3  i 
7-7990  I 


.39-449  ! 
44- IM 

.39-592 
39-295 


Mean. 


7-76S3  !      37-179 


108,099  I  48-2.)  I 

103,214  I  46-U7  I 

95.553  42  65  | 

93,380  I  41-01  j 


•0372  i  1827 

•0341  I  1842 

.0229  I  1566 

-0166  I  807 


93,616  1    41-79  '     -0551  '    2413 


7-7878  I      39,923  j      98,772  .    44-07  |     -0327  j     1691 
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CoMPABisoN  OF  Stbel — Continued. 
Table  III,— Compressive  Strain  on  Specimens  i  in.  Diameter  and  1  in,  in  Length. 


KANUFACTUKER. 

Btioriptian  of  iU«l, 

GreMeat  ircigbi 

liid  on  p«rt^uAn 

ioeb  tif  i«ctioii. 

It 

1 

111 

Lbi. 

Tout. 

BfnMaT'jT       j       UtOWD     M    Cd  ■<**>>*«  • 

Bee  se  ID  er  steel 

Besnemer  Ateeh<  «»,^.. 

Be«9oiDDt  ateel 

lifrHetatritieL... 

ST, 840       a25,Sft8 
01,840  ,     !25,&6fi 

01,840  '    22i,MS 

1 00*700 
lOO'TOO 
100-700 
100^700 

•Stf 

-445 

SI,  in 
li.iti 

Hviftiri.  G.  C«tDineU  A  Cu..*.  ..■>*■ 

MefiHTi.  II-  B<ii#i9iit'i9r  A  Co<.»*»*«*i» 

42,m 

The  UiKWAiiie  SU«t  iLod  IrttQ  Clo. ,. 

Mean  - . . . » .,,«.  »t  »»>.««.  i 

111.840  1     ^^A-MH 

100*700 

-an 

4x,m 

Meltsd  In  tbe  omeible, 
Melted  in  the  crueibb, 
^kloltod  in  tbe  erueible, 
S1«lted  la  the  emcible. 
Muib&t-iit^eL, 

T— - 

MeaflrF.  Nnjlor,  Vloken  A  Co 

M^ijirfl.  H.  Onborn  A   Co *.-..*, 

01,840 
ei,B40 
01,840 
OI,K40 
01,840 

225,508 
X25,5fia 

225,508 
Sib,  MB 
225,508 

100-700 
100'700 
IDO'TOO 
100  700 
100" 700 

'2a« 

-308 
•SIS 

;    31  114 

Ue^r^.  C.  SaDdersonA  Brotberi...,' 

KeriiiTa>  T-  Turlon  A  Somi 

Tbe  Titanio  Steel  And  Iron  Comprntij, 

2f,lM 
35,Sll 

McttQ ~ .,..,,.,, 

01,840 

235,508       tDO^VAA 

-3lS 

JH.MA 

dcrgoing  a  transverse  strain  would  be  a  bar 
with  double  flanges,  having  the  area  of  the 
top  flunjro  about  one-half  that  of  the  bottom. 

This  conclusion  is  borne  out  by  the  results 
of  experiments  on  transverse  strain,  where 
Sj ,  the  strain  per  square  inch  of  the  ma- 
terial ut  the  elastic  limit,  =  6  C  =  6  X 
6.S8  tons  =z  40.98,  or  41  tons  nearly  ;  but 
the  moan  breaking-strain  per  square  inch  by 
extension  =  47.7  tons,  clearly  indicates  that 
the  compressive  resistance  in  the  former  case 
was  considerably  in  excess  of  the  tensile  rc- 
Bistance. 

It  is  important  in  every  experiment  on 
the  strength  of  materials,  which  enters  so 
larg(*ly  into  constructive  art,  that  we  should 
be  thoroughly  ac(]uainted  with  the  proper- 
ties of  the  material  of  which  the  structure 
is  composed,  and  that  its  resistance  in  all 
the  ditlVrcnt  forms  of  strain  should  be  clear- 
ly and  distinctly  ascertained.  In  the  fore- 
going experiments  we  have  determined  the 
resisting  powers  of  the  different  specimens 
to  bonding,  tension,  and  compression  ;  but 
wo  h:ivo  omitted  that  of  torsion,  or  twisting, 
until  wo  have  an  opportunity  of  doing  so 
upon  tho  same  identical  bars.  These  I  hope 
to  a('<'omplish  at  some  future  period,  aud 
also  to  give  some  further  results  upon  an 
onlnrgiMl  soalo,  calculated  to  confirm  what 
ha-  :ilri':ily  boon  done,  and  to  ascertain  some 
a<Mitinii:il  tacts  in  rog:ird  to  tho  changes  now 
in  pri»:jrross  in  the  manufacture  of  Iron  and' 
Stool.  ^  I 


THE  PNEUMATIC  DESPATCtt 

This  thoroughly  practical,  speedy  and 
cheap  means  of  transporting  parcels,  if  not 
passengers,  having  been  placed  under  a 
temporary  cloud  by  the  financial  diflicnltiet 
of  the  London  Company  that  are  building  it 
on  the  largest  scale,  is  m  about  to  be  rerivad 
and  pushed  to  completion.  Saya  *'  Engineer^ 
ing  "  :  Some  five  years  ago  the  Pucumatie 
Despatch  Company  commenced  the  con^tmc- 
tion  of  a  line  from  Euston  station  to  Holbom, 
and  thence  to  the  General  Post-ofiicc.  The 
first  length,  from  Kuston  square  to  Holbom, 
was  completed  in  the  autumn  of  1SG5,  and 
in  the  October  and  November  of  that  year 
many  experimeutal  trains  were  despatched 
through  the  tube  with  success.  The  experi- 
mental working,  however,  lasted  for  a  weeks 
only,  and  eventually,  pecuniary  difficulties 
arising,  the  works  were  closed.  Things  re» 
mained  in  this  state  until  a  few  weeks  ago, 
when  arrangements  were  made  to  completa 
the  line.  The  length  from  the  Euston  station 
to  Holbom  is  1;|  miles,  while  a  short  length 
has  also  been  laid  from  the  Holbom  station 
eastward,  and  this  latter  length  is  now  to  be 
extended  to  the  General  Post-office. 

For  the  greater  part  of  its  length  the  line 
consists  of  cast-iron  tubes  4  ft.  6  in.  wide  bj 
4  ft.  high,  these  tubes  being  made  in  9  ft. 
lengths,  and  the  joints  between  them  being 
caulked  with  load.  Besides  curves  of  mod- 
erately large  radius  the  line  comprises  a 
curve  of  170  ft.  radius,  at  the  corner  of  Drum- 


VAN  NOSTRAND'S  ENGINEERING  MAGAZINE. 


275 


reet  and  tlie  Hampstead-road,  a| 
cnrre  wliere  the  line  turns  eastward  | 
.d-atreet,  St.  Giles's,  and  a  carve  of ' 
Mlioa  where  it  enters  the  Holborn  { 
On  these  enryes  the  tube  is  con- 
l  of  brickwork. 

L6  Holborn  station  are  situated  a  pair 
Eontal  engines  with  24  in.  cylinders 
in.  stroke,  which  work  the  fan  22  ft. 
leter,  by  which  the  air  is  exhausted 
d  forced  into  the  tubes.  The  trains 
drawn  from  the  termini  to  the  Hol- 
ition  by  exhausting  the  air  in  the  tube, 
;ed  from  the  Holborn  station  to  the 

by  the  opposite  process.  The  car- 
or  trucks,  are  carried  on  four  wheels, 
ir  ends  are  shaped  so  that  they  al- 

ihe  tube,  the  slight  clearance  allowed 
artially  closed  by  projecting  strips  of 
dia-mbber.  The  suction  main  is  con- 
with  each  main,  tube  at  some  distance 
«  end,  and  the  carriages,  on  passing 
ith  of  the  suction  tube,  have  their 
arrested  by  the  cushion  of  air  formed 
1  them  and  the  doors,  by  which  the 
the  main  tube  is  closed.  At  the  pro- 
ment  these  doors  are  opened  by  a  self- 
arrangement,  allowing  the  train  to 
rough.  At  the  Holborn  station  the 
'  the  two  main  tubes,  the  one  from 
.  and  the  other  (which  is  yet  to  be 
ted)  from  the  Post-office  are  situated 
f  side,  and  a  traverser  is  provided 
ich   the  trucks  can  be  rapidly  trans- 

from  the  one  tube  to  the  other.  It 
cted  that  the  total  time  occupied  in 
nsit  from  the  £  us  ton  station  to  the 
fice  will  be  about  from  18  to  15 
8 ;  the  time  occupied  by  the  experi- 

trains  in  running  from  Euston  station 
bom  being  7  minutes. 
the  progress  of  a  similar  work  in  New 
the  *'  New  York  Times  "  says  that  a 
ly  of  English  capitalists,  have  obtained 
«r  from  the  Legislature  and  have  com- 
i  to  construct  a  pneumatic  dispatch- 
I  the  lower  part  of  the  City,  for  the  con- 
e  of  parcels  and  letters,  and  it  might  be, 
^rs  also.  Mr.  Closes  Heach,  the  presi- 
f  the  company,  hired  the  basement  of 
jssrs.  Devlin's  store,  corner  of  Broad- 
d  Murray-street,  as  a  starting  point 

line,  with  the  intention  of  carrying 
le  vicinity  of  the  Nassau-street  Post- 

The  work  of  tunneling  beneath  Broad- 
en begun,  has  been  slowly  but  steadily 
wing,  and  will  be  pushed  forward  to 
tion  as  soon  na  possible.     The  details 


of  the  company  have  been  carefully  with- 
held from  the  public,  in  order  to  avoid  the 
otherwise  inevitable  annoyance  of  injunc- 
tions from  stage-line  proprietors  and  property- 
owners  on  the  route. 


VI8  Viva. — "  With  a  double  velocity  the 
moving  (railway)  train  passes  over  double 
the  space  each  secoud,  and  therefore  en- 
counters twice  as  many  points  of  resistance. 
Moreover,  it  strikes  each  of  these  points 
with  double  the  velocity,  and  hence  meets  at 
each  point  twice  the  resistance.  It  there- 
fore meets,  during  a  second,  twice  as  many 
points  of  resistance,  and  suffers  at  each 
point  twice  as  much  resistance.  The  re- 
sistance, during  a  second,  is  thus  four  times 
as  great  as  before,  and  must  require  four 
times  as  much  force  to  overcome  it.  In 
order  to  obtain  three  times  the  velocity  it 
would  be  necessary  to  increase  by  nine  times 
the  force  ;  and  in  generaf  the  force  required 
will  be  proportional  to  the  square  of  the 
velocity  to  be  obtained.  What  is  true  of 
the  motion  of  the  train  of  cars  is  true  also 
of  the  motion  of  a  steamboat  through  the 
water,  and  indeed  of  any  motion  on  the  sur- 
face of  the  earth,  since  all  such  motions  en- 
counter resistance.  Bence  the  work  ac- 
complished by  a  force  is  proportional,  not  to 
the  velocity,  but  to  the  square  of  the  velocity, 
which  it  imparts  to  the  moving  body." 
(Cook's  Chemical  Physics,  page  52.)  Prof. 
Cook  continues,  upon  such  a  basis,  to  ex- 
plain vis  viva  and  momentum.  Most  of  the 
school-books  on  physics  and  natural  philo- 
sophy present  the  subject  in  a  similar  way , and 
we  have  quoted  from  Cook's  Chemical 
Physics  simply  because  it  is  a  work 
of  the  very  highest  repute  for  accuracy  of 
statement  of  facts  and  theories,  and  there- 
fore cannot  be  objected  to  as  a  rcpreseuta- 
tive. 

In  our  present  judgment  the  statements 
above  quoted  are  not  sustained  by  reason  or 
experience.  It  is  very  far,  indeed,  from  true, 
as  a  question  of  fact,  that  the  power  requir- 
ed to  maintain  a  train  or  a  ship  in  uniform 
motion  varies  as  the  square  of  the  velocity ; 
there  is  really  no  such  mathematicul  rela- 
tion, and  there  is  no  close  approximation  to 
it ;  moreover,  the  case  of  a  ship  is  so  differ- 
ent from  that  of  the  train  that  many  en- 
gineers who  strive  to  measure  facts  on  a  pro- 
crustean  bed  of  simple  mathematical  for- 
mula;, represent  that  the  power  required  to 
drive  a  ship  varies  as  the  cube  of  the  velo- 
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city  ;  and  no  experienced  engineer  will  say 
that  within  ordinary  limits  of  speed  four 
timeB  as  much  power  is  ever  required  to 
maintain  '^  train  at  double  velocity.  Pro- 
fessor Cook  indeed  represents  that  the  re- 
sistances in  a  double  velocity  are  doubled  at 
each  point,  but  this  is  surely  an  assumption, 
and  is  not  warranted  by  experience.  The 
resistances  to  a  train  in  motion  are  mainly 
friction,  and  the  air  to  be  pushed  aside  ;  the 
friction  is  nearly  proportioned  to  space  and 
not  to  velocity,  while  a  law  of  the  resistance 
of  the  air  is  practically  indeterminable. 
Now  we  have  to  suggest  that  the  confusion 
and  mystery  of  the  subject,  at  least  so  far 
as  the  theory  is  concerned,  arc  avoided  by 
considering  the  work  done  as  the  measure 
of  force  or  power.  If  we  wish  to  determine 
only  the  quantity  of  effective  force  con- 
cerned in  a  movement,  it  is  quite  indepen- 
dent of  time  or  velocity;  the  raising  a  pound 
of  matter  one  foot  implies  always  the  same 
amount  of  moving  force,  power,  or  actual 
energy,  whether  it  has  occupied  an  instant 
or  an  age.  Double  work  imples  double 
power ;  to  grind  two  bushels  of  corn  requires 
twice  the  power  to  grind  one.  When  resist- 
ances to  motion  are  uniform,  the  space  gone 
over  measures  the  work  and  the  power 
irrespective  of  time  and  velocity.  If  in  any 
case  the  total  quantity  of  resistance  varies 
with  velocity,  thon  the  power  to  maintain 
uniform  motion  will  vary  with  the  square  of 
the  vob)city  ;  but  is  there  really  such  a  case 
in  nature  or  in  art  ?  A  locomotive  engine 
makes  a  certain  number  of  strokes  (except- 
ing the  slip)  per  mile,  whether  moving  fast 
or  slow,  which  represent  the  same  number 
of  cylinders  full  of  steum,  and,  except  for 
the  resistance  of  the  air,  the  cost  per  mile 
of  running  would  be  nearly  the  same  for  all 
velocities. 

It  should  be  noted  that  we  carefully  dis- 
tinguish the  cases  of  maintaining  a  uniform 
motion  and  the  changing  of  velocit}'.  In 
case  of  regular  chan^'c  (acceleration  or  re- 
tanlntion),  as  in  the  free  fall  of  bodies  by 
^r.ivity,  the  spaces  gone  over  are  a  measure 
of  kiuu'tio  energy  and  vary  with  the  square 
of  the  velocity ;  for  example,  to  double  the 
ae^juirod  velocity  re^juircs  quadruple  tlie 
power.  It  re<juiros  ai)out  four  times  the 
sjnee  and  f.>ur  times  the  steam  to  attain  from 
rest  a  double  velocity  of  a  locomotive,  but 
when  the  velocity  is  attained  we  have  done 
with  the  ratio  of  the  squares.  The  principle 
of  r/,v  r/rrt,  as  we  understand  it,  apjdies  only 
to  the  changing  of  volocity. — Chemical  News. 


BREAKING  IRON  AND  STEEL  MASSES. 

«Armengaud>iGenieIadaitriIle'>  through  "Diaglti^ 
Polyl.  Joarnal."    TraiuUtcd  hj  John  B.  Punt. 

Pieces  of  cast  iron  of  considerable  na 
are  extremely  difficult  to  break  up,  ml 
necessitate  colossal  air  fumacea  in  order  to 
melt  them  without  breaking.  The  fal- 
lowing method  of  breaking  np  large  pieeM  ] 
has  been  practiced  succesafullj  at  the  woifa 
of  Petin  and  Gaudet  in  Saint  Chamoad. 
Powder  is  often  used  to  divide  large  wmeei, 
but  aside  from  the  necessary  caution,  its  an 
is  difficult  and  it  often  doc8  not  acconpliA 
the  desired  effect.  The  following  metnod,  ' 
invented  by  M.  Montandon,  manager  of  the 
above  works,  is  quite  easy  to  apply,  and  not 
at  all  dangerous.  It  consists  in  using  the 
force,  which  confined  water  exerts  (whea 
struck),  in  every  direction  upon  the  mate- 
rial in  which  it  is  enclosed. 

A  round  hole  two  to  tliree  inches  in  diane- 
ter  and  ten  to  twelve  inches  deep  is  bored  ii 
the  mass  to  be  split ;  this  hole  is  then  filled 
with  water  and  closed  by  a  closely  fitting 
steel  cylinder  upon  which  the  drop  is  allowed 
to  fall  from  the  u:»ual  height.  1  he  mass  ii 
thercl>y  split  into  several  pieces,  as  if  by  a 
strong  wedge  with  several  faces.  The  water 
cannot  escape  and  its  endeavor  to  do  so 
bursts  the  metal.  In  this  way  a  plate  roll 
of  29;^  inches  diameter  was  split,  in  presence 
of  the  French  editor,  into  four  or  five  pieces, 
which  flew  '20  to  30  feet  away  from  the  drop. 

The  hole  must  be  hermetically  closed  and 
in  order  to  do  this  thoroughly  it  is  necessary 
to  hollow  out  the  base  of  the  steel  cylinder 
into  a  cup  shaped  form,  the  edges  of  which 
are  driven  against  the  walls  of  the  hole  by 
the  water  in  its  efforts  to  get  past.  To  allow 
the  air  under  the  pin  to  escape,  it  is  well  to 
file  a  small  screw-shaped  grooved  on  the  lat- 
ter, when  it  can  be  driven  down  quite  easilT. 

A  single  blow  of  an  ordinary  drop  usoally 
suffices  to  split  off  pieces  of  30  to  3(i  inches  in 
diameter.  A  pin  of  good  steel  can  be  nsed 
several  times.  This  method  is  obviously 
easier  than  the  use  of  a  Urge  drop  failing  a 
great  distance  and  is  much  more  certain  in 
its  effects. 


SANITARY  KNdiXEERlNo.— In  addition  to 
watering  and  draining  towns,  the  engineer 
is  now  called  upon  to  provide  fresh  air  ar* 
tificialiy — to  ventilate  not  only  buildings, 
but  whole  towns.  This  subject  was  men- 
tioned by  Dr.  llumsey,  in  a  recent  address 
to  ihc  National  Association  for  the  pr«'mo- 
tion  of  social  science,  in  England. 
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ffiON  AND  STEEL  NOTES. 

ISFLrENCE  OF  TUB  OxiDES  OP  ClIROMlUM  AND 
TiTAXiCK  OX  TnB  CuHPOsiTiuir  OF  Pio  Iron. — 
Titbin  ihr  laeK  foor  yeard  wo  have  been  t'rcqiieiitly 
iBpliyed  in  cbeinical  inrcstigations  of  the  alterud 
Aaraetm  of  avme  pig  iroiu,  whioh  resultod  appa- 
ittttlj  under  th«  ntoal  cireuustances  in  tbo  reduction 
ti  ■BiforiB  ore.  In  the«o  ca«ef  the  amount  of  oarbun 
nited  with  the  irun  had  been  diminiflhedy  without 
tiM  iatrodaetion  of  other  matter  in  quantity  luffi^ 
iirat  to  induence  a  change  in  this  connection,  and 
fnermllj  do  variatiun  in  the  com p:>ai lion  of  the  ore 
vaf  known  or  tn^pected.  Wo  had  annlyied  the  ores  | 
Im  some  of  the  beds  in  former  years,  and  regarded  ' 
Ihem  as  well  adapted  to  the  production  of  pig  iron 
tt  good  qaalitjT;  but«  in  pursuing  the  research)  we 
were  conrinccd  that  the  change  in  quality  of  iron 
•Mid  be  traced  to  altered  compositiim  in  the  ore  of 
fart  of  the  beds  otod  fur  supplying  the  furnaces. 

The  eorrceincs*  of  this  view  was  confirmed  by  our 
wmMlj9t»  of  many  iron  ores,  in  some  of  which  wc 
fnnd  the  oxides  of  chromium  or  titanium,  existing 
where  ihey  were  not  indicated  and  connected  with 
the  ore  in  bed«  which  have  been  considered  as  pure 
iron  ores.     Both  the  oxitle  of  chromium  and  oxide  of 
titanium  seem  to  act  in  the  fnrnaoe  or  the  crucible  in 
a  way  to  withdraw  a  portion  of  the  carbon,  or  prevent 
that  true  onion  of  ca*-l>on  with  a  portion  of  the  iron, 
which  constitutes  gray  pig  iron,  witliout  the  metuls 
■f  these  oxiies  really  alloying  with  the  iron  and  thus  : 
iadicating  the  cause  of  change.     We  have  analysed  | 
Mimplf^  of  pig  iron  where  the  alloys  of  chromium  or  i 
Uiaoi:ira  existed  in  the  pig.«.  and  where  the  oxides  i 
accompanied  the  ore#  In  the  bedii,  but  we  were  not  pre-  ■ 
pared  to  find  an  influence  exerted  un  the  quality  of; 
the  pig  metal  %rith!9ut  the  r^ractory  mttah  forming  ' 
mpart  of  the  composition,  | 

The  occurrence  of  oxide  of  magnese  with  iron  ore  ! 
If  cirramon,  (-nd  titanium  compounds  are  often  found  | 
in  b'>:h  magnetic  and  brown  iron  oros,  an  inaolublv  . 
■abstunce?.  in  small  pr<»portion«,  and  the^e  coinpound.i ' 
•om^ine  with  an'l  arc  removed  by  the  floxrs  with«int ' 
injury  to  the  pie  metal.  These  compounds  uf  tita-  , 
niuo*  jre  the  cau«e  of  the  often  superb  blue  colur  of 
the  cifider,  produced  under  varying  condition:*  of 
g!iA4r  iif  iiuny  character,  nnd  must  be  carefully  diti:-  I 
tiogui?h«-d  from  tho^e  wc  regard  as  more  dotrimcutal  '. 
in  ihrir  influence  on  the  metal. 

Ic  a  number  of  analyses  of  iron  orrs  we  had  found  | 
both  oxiile  of  chromium  and  oxide  of  titanium  in  a  | 
state  rendering  them  soluble  in  diluted  acid?,  and  in  . 
a  c«.T>i:ti.tn  to  ejcapc  ileteotlon  in  the  ordinary  morlei" ! 
«tf    anulyfiii.     Both   magnetic   and    brown    iron   ores  I 
har^f  heen  found  to  contain  cither  oxide  of  chromium  ' 
or  ixidv  of  tit.iniuni  in  thi.s  I'uluble  state.     Among 
the  •uTuplet  from  cijntitfnouit  be<N,  thi^  diverjiity  in 
•cmp-i'ition  made  by  the  presence  of  some  oxide  of 
Aroiuinm  or  oxide  of   titanium  exintcd;    and  while  | 
the  bjllc  tif  a  bed  of  ore  was  pure,  oontinuMtions  of 
the  bed,  or  aMOL'iated  ore,  yielded  notable  weights  ' 
of  ''lide  of  chromium  or  oxide  of  titanium  in  the 
different  samples. 

Tk'j  «u2ge!<tion  we  would  make  to  tbo  iron  master  ' 
In  virw  if  tbe^e  fact.f  is,  the  posjilbillty  of  the  qunlity 
of  the  fdg  rnctal^  !n  anomalous  oa^cii  boing  greatly 
infiu.'n^rd  by  the  admixture  of  some  ore  eontuliiing 
the  <itidr«  r*i  chromium  or  titaniam,  with  the  biiMti 
«T  Iff  giod  quality.     This  may  take   place    by  the 
Ba:*.i  bed  being  croti^ed  by  vein!*  of  mixed  ore,  or  by 
tJie  Working*  piiii*ing  into  contiguous  beds  whore  one  I 
kibd  ('f  ore  ii  ased.     In  other  cases,  where  the  iron  : 
master  ran  gain  the   great  advantage   arising  from 
mii'xitf  nrt*f  one  of  the  kinds  may  contain  the  con-  I 
taii>>naling  oxides  and  Injure  the  iron.  ! 

We  ^ubj'iin  some  results  of  analy.'tes  showing  the  ' 
pTip  'rtion  of  oxide  of  chromium  to  the  metallic  iron  ' 
•oBUiCinl  in  the  ore:    lit.  Magnetic  ore^irou,  49;  • 


oxide  of  chromium,  1*40.  2d.  Hematite  ore— iron, 
42*47;  oxide  of  chromium,  1*60.  3d.  Brown  Massive 
ore—iron,  64*:i2:  oxide  of  chromium,  1-90.  4th. 
Same — iron,  4ft'70;  oxide  of  chromium,  1*04.  More 
traces  have  been  discovered  in  some  ca<>cs,  while  in 
other  instances  a  larger  proi>ortion  of  chromium 
formed  an  alloy  with  the  iron  produced  from  the  ore. 
— Aug.  A.  and  S.  Dana  Hayes,  Assay ers  to  State  of 
Massachusetts. — Railway  Timut. 

MAXL-FACTrilE  OF  I  RON'  DiRECT  FROM  THE  OrB. 
— At  the  Ringgold  Iron  Company  s  Works,  in 
Pennsylvania,  an  improved  process  of  manufacturing 
wrought-iron,  the  invention  of  Mr.  J.  Jameson, 
has  for  some  time  past  been  in  successful  operation. 
The  furnaces  are  somewhat  of  an  ovon-shapc,  having, 
however,  a  stuck  from  tho  top  of  about  twenty  feet 
in  height.  A  refining  fire  is  in  front,  into  which  the 
blast-pi|.es  enter  on  the  side.  The  gas  that  is  evolv- 
ed from  the  fuel  passes  into  a  chamber,  where  com- 
bustion takes  place,  and  thence  the  combustion  of 
the  gases  continues  till  above  the  fifth  chamber  it 

E asses  (together  with  snch  deleterious  qualities  at 
ave  been  taken  up  from  the  ore  in  its  progress) 
through  and  out  of  the  stack.  The  five  chambers 
are  called  in  the  Jameson  patents  the  deoxidising 
chambers.  The  ores  rre  calcined,  then  crushed,  and 
first  placed  in  the  top  or  fifth  chamber.  Into  the 
first  and  second  chambers  a  small  jet  of  steam  is  in- 
jected, whereby  hydrogen  is  genera  ted  for  the  purpose 
of  aiding  in  desulphurizing  and  dephosphorizing  the 
ores.  The  floor  of  the  top  chamber  is  a  table  made 
of  fire-clay  blocks,  with  an  opening  at  the  end  oppo- 
site from  tho  door  or  entrance  through  which  the  raw 
ore  is  thrown  in.  On  this  table  the  ore  is  spread  out, 
and  after  being  subjected  to  the  operation  of  the 
burning  gai>cs,  it  i.s  then  pushed  down  through  the 
opening  at  the  end  of  tho  table  opi»osite  to  the  door 
on  to  a  like  table  in  tho  chamber  below,  where  it  is 
again  spread  (mt,  and  hero  it  remains  for  a  time  and 
in  like  manner  passes  on  to  the  table  of  the  third 
chamber;  there,  after  underi^oing  a  like  operation, 
it  is  pAfScd  to  the  second  chamber,  thence  it  goes  to 
the  bottom  or  the  first  chamber.  Thud  every  parti- 
cle of  the  ore  is  equally  operated  upon.  IW  thi^  timo 
tho  oro  is  almost  a  pulp,  and  then  it  is  na<«9ed  into  the 
charcoal  bed  and  refining  chamber,  llere  the  loop  is 
so*  n  formed,  when  it  i.n  tnken  out,  and  thn  hammer 
?oon  presents  you  with  a  bloom  of  from  22.'>  to  250 
lbs.  weight.  It  is  well  known  that  the  blooms  pro- 
duced by  the  direct  processes  are  of  inferior  (quality, 
whiL^t  a  very  large  quantity  of  ore  and  fuel  is  n.sed 
in  their  production.  With  the  Jameson  process 
these  diflSoulties  arc  avoided — a  ton  of  bloom.*  being 
produced  with  the  same  quantity  of  ore  nnd  fuel  as 
is  now  employed  to  make  a  ton  of  pig  metal  in  the 
blast  fnrnaoe.  Tho  production  is  stated  to  be  un- 
failingly uniform. — Mining  Journal. 

(''ASTIXG  StEKL  UNDER  Ilmii  PRRSarRE  1)/ 
^  means  of  gunpowder,  is  th'.is  described  by  the 
inventor:  It  is  well  known  that  cast  steel  run  into 
mouMs  is  subject  to  blister  and  is  otherwise  porous, 
which  defect  reduces  considerably  its  toughness.  In 
order  to  give  this  metal  its  requisite  tenacity  it  la 
subiequently  re-heated  and  then  ndled  or  hammere>l. 
As  many  ariicles,  suuh  a!4  cannon,  cannot  be  treated 
in  this  manner,  I  have  devised  to  submit  them  to  a 
high  presifure  whilst  in  a  liquid  state,  enclosed  in 
their  same  n.oulds,  m:iintuined  in  iron  flasks.  For 
this  purpose,  immediately  after  running  a  cannon,  I 
cover  herinetionlly  the  head  by  a  metallio  cap,  by 
means  of  bolts  or  other  devices  attached  to  the  flask. 
This  cap  is  fitted  in  its  center  with  a  vertical  pipe, 
and  provided  with  a  cook  at  its  lower  extremity, 
whilst  Its  upper  extremity  is  closed  by  a  wa^^hor 
pressed  by  a  bolt  in  such  manner  as  to  act  an  a  safety 
valve.    Before  attaching  the  capj  at,  supposing,  u&t 
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ineb  from  tkis  SMrfucc  of  tlie  Uquti  metal 1 1  inlroduco 
in  ibn  vcrticAl  pipe,  aad  bciiffecti  the  cook  and  the 
«»aber»  a  churge  «f  about  one  qttitritir  of  an  ounce  of 
"~  iwder,  pfcpmred  iq  the  proportion*  of  eighty  part* 
mltpeirc  »nd  twenty  parts  of  cltiireosvK  On  open- 
Ibe  «oek  thi»  powdor  fall i  on  tbe  tuetali  ignitef 
And  engenders  About  onO'tbird  of  a  iHibtc  foot  of 
gus  at  3, fl  1)0  Fabr.  Tbese  ga«e«  exort  on  the  liquid 
metnl  &  prvfiaure  wbicb  U  transtaitted  througUoiit 
tbo  entire  a]ii§e.  tbfir«bj  condensing  the  tatue  and 
expelling  tbo  blittt^rn.  Tbe  efect  tbna  produced  i« 
ec^ui/Ateot  ta  the  pressure  of  a  bead  of  liquid  metal 
ninety  foetbigbT  admitting  tbat  tb«  capacity  between 
tbc  cMp  and  tbe  iurface  of  tbo  metal  contains  thirty 
cubic  i ncbea.  By  making  tbo  flask-  saffieienOy  strong, 
the  cburi^ca  of  the  powder  may  be  varied,  fo  as  to 
Jtroduce  by  it«  ignition  a  uniform  and  general  pres* 
inrc}  wbien  14  preferable  to  tbe  partial,  Irregular  and 
momenlary  action  of*  bammer. 

IVTew  Blowing  E.voixes  for  thb  WiGA>f  Coal 
JLl  xHD  Taox  CoMPA^tr. — These  engines  blow  air 
liito  ten  blast  furtiaucs,  through  a  wrought  iron  tube 
•ereu  feet  in  diAmetcfi  tbe  blaj«t  being  delivered  at  a 
prcfaurc  of  about  four  pounds  to  the  square  inch.. 
Before  enturiug  tbe  furnaces,  the  blaat  u  heated  to 
from  HOl>  to  l,00a«  Fabr.  Tbo  furnaoo*  have  oloacd 
Vitpst  in  Che  usual  manner.  T^^  each  furnace  there 
lire  four  hot  blast  stoves.  The  present  number  of 
boilers  put  down  id  ten,  double-flued  and  ranged  in 
front  of  iho  engine  bouso,  which  is  a  magnifitieut 
structure*  with  a  tower  at  lea«t  1O0  feet  in  height. 
The  machinery  U  from  the  works  of  Mesi^rs.  Nasmytb, 
Wilsi>n  A  Co  ,  of  Manchester.  There  are  three 
engines,  with  six  blast  cyltuders^  and  fix  high  and 
low  pretfture  steam  cylinders.  Tbe  diameter  of  the 
lilr  flylinders  ta  IflO  inubes^  of  the  higb-presj^urc 
tl«am  oylinrlorfl  45  inches;  and  of  tbo  low-preajture 
■team  cylinders  66  inches.  Tbe  stroke  of  each  engine 
if  I'i  fcot.  All  tbo  irteam  eylinderi  have  steam 
Jackets;  also  the  exhaust  pipes  between  tbo  high  and 
low  nrofsure  eylinderi*  The  ongino  beams  are  'M 
feet  irom  center  to  center.  Each  pair  of  engines  hat 
two  blowing  oyltaders;  each  blowing  cylinder  !«  above 
each  AtoHin  cylinder.  Tbo  enginen  being  worked  by 
high  mid  low  prc«iure,  the  high  cylinder  it  oouuected 
with  tbe  low  one  by  two  t^ido  levers  and  beamsi  already 
referred  tr>.  The  working  apparatus  is  tn  duplicnte, 
worked  from  one  end,  so  that  both  cylinders  are 
worked  by  steam  valve  gear;  this  valve  ^ear  is 
worked  by  an  entirely  new  mation,  patented  by  Mr. 
Hoberl  Wilson.  The  air  to  supply  tbo  blast  is  con- 
Teyed  tnt-o  tbo  engine  house  through  a  tower  and  an 
underground  tuoaeL 

I  BON  AND  StBEL  iNSTtTCTK  FOR  GrKAT  BlU- 
TAiJf,  —  At  tbe  prelimiftjiry  meeting  of  ibis  or- 
ganiKiUlon  lately  held  in  London,  Mr.  Ij«»iao  L.  Bell, 
of  Middleboru%  id  the  chair,  it  was  resolved  to  ajk 
the  Duke  of  Devonshire  to  be  the  first  president,  lit, 
be<sauio  Knglisbmen  are  very  fond  of  having  a  noble- 
miio  at  tbeir  head;  and,  2d,  because  the  Duke,  in 
^ditiao  to  having  great  posdc«sions  in  mineral  prop- 
«rty<i  is  at  the  head  of  a  concern  which  ia  amongst 
the  foremost  and  the  most  extdn«lvd  of  modem  iron 
ftod  sletd  works  in  England. 

The  following  «ubjoct>i  were  suggested  as  proper  for 
tbo  cua«iideration  of  tbe  Institute; 

Iron  Oret.-.DetaUs  of  newly  discovered  deposits  of 
Iros  orof ;  analyses  vf  vsrriaus  Kngtisb  and  foreign 
oras:  mode  ofoeourrenoe;  cost  of  working;  probable 
extent  of  depositi;  distribution  of  ores;  iroustoae 
Bluing. 

BlnH  FwTMittM. — Calcining  kilns  $  use  of  farnace 
fftjes  for  ealutning;  blast  furnaoes^^mudes  of  oon- 
•truetion;  best  proportions  of  vatious  classes  of 
Biiaerals  to  be  u«ed;  engineering  arrangements; 
y«wij)g  eaginei;  bobbs;  utiUsstiou  of  fura&ce  gaiet 


and  furnace  slag;  beating  ttovt*;  liif^fM;  Miytt  | 

arrangemeiits;  generatioa  of  ttoa^ia^  cofitirBc%)f»0  j 

chimneys. 

Converaiim  of  Pig  into  IPrmigA/  Iron 

ments    to    «ave    expense    of     rc>-he)*lloc 

improvements  in    puddling    and    bc»tlag 

fettling;     mechanical    puddling;     tiniplt&eati 

converting  proceSJef ;    method«  of   arr^ft-iB* 

most   effectively;     utilisation    nf    w 

furnaces;  selection  of  matcriald  for 
'  of  finished  iron;   mill  work;  arrAngeuj  Ii 

]  kinds   of    mills;     detaiU  of    inanufACture  of 

platesi  bars;    special  sections;     new  applio) 

iron. 


I IMVWU^j 


Fotiiuiry  Work, — Special  qualitioi  of  vaHottf  1 

of  pig;;  cupolai;  iuiprovem«QU(  in  meUiiig  fiira*«fi( 
and  in  arrangements  for  mualding:  with  nkpi4l|j  4 
certainty;  testing  iron* 

St€€l Relative  merits     ' 

production  of  »teet ;  mant[  .t  it 

of  iron  for  steel  making;   it;  , 

Melallurfty^ — Solution  of  numernuJi  dtsp 
in  connection  with  tbe  metaltur^py  of  ir<>t> 
verification  of  Bunson'^a  and  Phi    '       '         ;  nna 
improved  methods  of  practical  o 
ees  of  iron;  purification  of  iron  1 
ments;  further  examination  of  Uie  pr>>pt'rti«e«f  1 
alloys  of  Iron;  inflneooe  of  magoetUm  tipou  iroa  < 
its  altoyt  at  various  temperature*, 

MUctliai^eouM . — S  tat  i  Cities  of  tbo  position  as  J 
velopment  of  tbe  iron  and  steel  naanufiM!>tur«  m  i 
and  other  coantriea;  reports  on  special  fe«U9ts  if'' 
foreign  iron*fielda  and  iron  and  steel  work«, 

Puiladklphia  and  Reading  Ratlroad  Co« 
FANv's  Rolling  Mill.  ^  This  mill  is  etfgibl| 
situated  about  two  miles  north  of  the  Reading 
passenger  fitatiou,at  the  point  whore  tbe  KaHl 
sjrlvania  railroad  divergea  from  the  maiii  truok 
mill-house  Is  41;$  feet  in  length  by  9^  fiHtt  to  1 
with  a  spaeioos  wing  projecting  from  '" 

are  twelve  puddling  furnaces,  eight  h 
and  two  ro- beating  furnaces.  There 
of  2:i-inch  three-high  rotli,  Tbo  tii 
two- high.  Tbe  rails  roUed  are  of  * 
61  poundf,  62  ponnds  and  56  pouud»  i^m  1,  ^ 
use  in  local i Lice  according  to  character  of  traJRe*  Tb4 
rails  contain  about  onc^third  part  nuw  iron. 

Tbe   houicings  and  bed-plates  of    ibe  trsiLtiu 
made  by  Matthews  &  Moore,  of  Philadelphia)  aal  i 
not  only  heavy  and  strong,  but   very  ai^urat-elj' 
ted.    This  accuracy  of  workmanships  such  »s  «b«fi««] 
tcrises    tbe    bout   marine    engineeriug,   is    tiewt 

ually  important  in  rolling  mills,  a^nd  it  i^  I 
Mat  tbe  W4   Jt   Moore's  work    to   wblcb 
previously  referred  in  speaking  of  their  tr 
at  ibo  l^ennsylvania  Sieol  Wurks,  and  at  the  . 
Mill  in  BuUitnore.    The  saw  mauhtnery  of  the  } 
ing  mill  Is  by  tbe  lamo  builders.     The  ea/ini 
by  George  W,  Snyder,  of  Pott«»ill«,  tbo  work  ' 
surpervisod  by  J.  £.  Wootten,  Engineer ^^    •'  ^^ 
for  the  P    A  R.  R.R,  Co.     All  the  b 
furnaceS)  ^o.*  were  made  at  the  con., 
Reading.     Tbe  general  plan,  and  the  di^i 
parts  not  otherwise  spool  fled  abovt,  w«rc 
Mr.  W.  E.  C.  Coxe,  and  tbe  whole  wa«  ercc 
bis  superiotendenoe^  and  is  run  under  bis  abl«  | 
agcment.     Tbo  carrying  out  of  Mr.  Coxe's  plan 
entrusted  to  Mr.  Samuel  Strob,  the  present  fo 
of  tbo  mill. 

Theoapaeityof  the  mill  wasroeentiv  r.^*fi^A  <i«  fd, 
lowst  During  twelve  bciur#,  02|  ton-  )  «f 

rails  flU5  bars  of  Ol-lb.  rails)  wcr-  '-^a 

eight  heating  furnaces;  these  were  h 
ond  time  after  blooming  in  two  re  b^ 
giving  an  average  of  4<1J  tons  fur  eat^U  _.   — 
The  product  of  tbo  mill  in  January  WM  i^Ul  1 
flni«hed  railf , 


T 
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GALr  A  VISI  .VC  IrOK.  —  DKAWrNG  OFr  THE 
Opfghsivi  TArom. — The  mpp]l(^itic»a  nf  lUic 
witli  tin  14  &  euatmg  for  irttDj,  hai  Wcome  &  mont  iui- 
^rtant  xD&aoriieture  in  and  ftbout  Birmingbam.  The 
■fpliejUiFtii  wr  Irrtn  for  ei-crj  purpose  of  conHlrucUon  is 
fneti?>Hj  i-qIj  limited  bj  the  diffimUj  pf  prefiejrring 
Ibi  ( lAif  Bce  f  roa^  rit»t  -  No  tae  t  hnd  ha  «  je  t  bee  a  ad  opt  ed 
vkieb  ij  Kt  once  ^  cbirmp*  lo  effeetunl,  »ELd  no  eadttr- 
fsf  u  ^Iraniilng,  mnd  the  worke  in  which  thftt 
MTWpeni  19  rArri-d  ua  h&ve  verj  rapid!/  iticreui^fid' 
To  gmlTftsiie  Inim  It  ip  immenvd  for  a  ccrtiLiD  period 
ll  ui  ««iJ  to  c]«ADiffl  tlie  BDrfaee,  after  which  it  ib 
dipped  iolo  a  hmth  con  tain  tng  line  and  tin  mi^h^dp 
Ife  thif  twlti  of  ammonia  are  tbroRDi  wbicb  opf^ratcB 
m.  tfae  ictfrtal  a«  a  eolvent,  aoil  ensbleB  it  tn  be  more 
•Tftt);  dbtributed  orer  the  aurfnoo*  From  tbii  b*tb 
fa^irvii  off  a  deiii«i  piangeat^  wbitc-flolor«il  rapor, 
vfclcfa  ii  Ilea T J,,  aadj  etpteiUlj  id  damp  weatner^f 
ipwdl  and  becomeB  o^ffeDBlre.  CMmpUlDtfl  hare 
Intn  Bftde  of  there  rapciTf ,  and  Tariuii?  plans  hare 
Vtm  a4n^t«d  for  the  purmite  nf  preveniinj;  them  from 
fBditiii^  int*>  tfae  atmngpherer  but  beretufure  iriibout 
■ace«a'#'.  The  WoI?erhampton  Ct^rru gated  Iron  Com- 
pas  J  bar^  adr^pted  a  plan  wbicb  is  Amnd  vttj  effect- 
■at.  Tb«  tup  at  the  bath  is  larroQnded  bj  a  flue 
vhieh  forrai  «  projeeting  tip,  acd  from  tbia  run  one 
ir  nun-  iron  pipei  commttriiQalinf^  with  a  pnwerful 
faa.  From  the  fm  a  ^^^S^  ^^^  extL'tvdj<  to  an  anneal-' 
iaf  farismcfl.  The  faUn,  bjr  ercatin^  a  vaeiium  m  the 
pipes,  cAQfei  a  itrosg  mrrent  bf  air  tu  paas  over  the 
pirfacv  at  the  bftcb,  which  drirea  tfae  vapor  into  the 
fontant  where  it  ii  en'irekj  ■oniumed*  Kxperl.^ 
BiiU  ar«  ID  proj^reiii  to  eoQdenAe  the  vapor^  sa  as  tu 
itiUie  them,  instead  of  consuming  them  m  fire*. 

CLSVELAK'D  ROLLING  MiLL. — THs  works  ofthis 
rotnpianj  wero  first  «*UbLijkbod  in  liS^T  for  tha 
■ABsfaeiyrp  at  railwaj  and  m«rcbanii'  bar-iron, 
rioM  which  tink«  tbeir  eapacitj  bai  bt-en  constantly  in- 
inwcd.  In  iHStf  the  &rvt  bladt  furnaoe  wan  built; 
aflerward#,  in  1SA4,  the  mill  of  the  Hail  road  Iron 
Mill  Cumpanj  was  bought  and  furntHbi^d  with  D«w 
sac  bluer  J,  and  a  second  blast  furnace  orci^tcd.  The 
two  furnaces  are  now  making  fram  46  to  50  ton^  pa; 
daj,  and  the  two  rail  milh  have  a  capncitj  of  36fUcyi) 
loos  uf  mil  per  annnPii.  The  bur  iron  mill  U  capiiblo 
if  maainR  ffom  1 3,000  to  H,OaO  torn  per  jear.  The 
anmpAn/  dummenc^rd  the  manufaoiure  of  Besfsemer 
■t*flt  ia  S»pt«mberf  tHAi4r  with  one  Gve-ttu  cunverteTj 
»ad  are  at  prrteni  turning  ont  some  fifteen  tuuji  per 
i4jr.  Thfj  are  now  piifting  up  another  fiv«-tuii  cun- 
TtTter  Mti'l  erectinjp  rererbvratorj  furnaociJi  and  ou- 
fo\v,  which  will  enable  them  to  inorcaso  the  oapacity  I 
•f  #le«l  pro-luctioii  from  40  to  60  tons  per  day.  The  | 
gmler  porti<in  of  the  «tecl  has  been  made  into  rails,  I 
which  hAire  thu#  far  shown  the  best  results.  The  { 
£«SMraer  steel  made  bj  this  eoropanj  has  been  very  | 
even  in  qaalitj.  The  works  are  situated  near  the  | 
best  iroo-pr«Klucing  region  of  the  country — the  Lake  ! 
Baparior  ref^inn — the  ores  of  whieh  are  reinarkably  I 
well  adapted  for  producing  steel  by  the  Bessemer  | 
proeeas.  Besides  turning  out  steel  and  iron  rails  of 
good  qqalityf  they  mauiifacturo  beams,  girders,  mer-  I 
ahaati'  bar,  builer  rireti,  fish  plates,  spikes,  nuts,  | 
boSta  and  a  variety  of  other  articles  used  in  railway  ' 
camsirnetinn  and  repairs.  The  works  are  favorably  \ 
•itaated,  bN%-ing  water  and  rail  eonneotions  with  the  { 
wbole  west  and  northwest.— ^niencan  Mailway  I 
Ti 


FiBRR  OP  WRorGiTT  Irox. — ^Tn  a  papor  road[ 
bef'tre  the  Liverpool  Pol  technio  Society,  *<0n, 
the  Sirutftur*:  uf  Metals,"  Mr.  Vivian  stated  that  the 
*•  fibre**  ur  "  silky  lustre**  exhibited  in  the  fracture  ! 
of  g'-od  iron  is  only  the  effect  of  the  light  reflected 
freoi    inner    surfaces    of  myriads  of    minute  cells 
aifA«ed   by  tba  fraeture,  that  the  form  of  these  in 
Ibair  aormal  staU  is  spberioal»  or  nearly  soj  bat  they 


become  changed  in  the  proccsif  of  rollings  Ae.  Ait 
has  DO  access  to  these  cells  in  their  eoncculvd  ^Utef 
hut  when  they  are  exposed  to  the  atition  iif  the 
atmoflphero  they  soon  Wcame  tarnifbetl.  The  cel- 
lular CfJ  us  tract  ion  id  not  an  accidental  oci'urrence, 
but  it  is  the  proper  eonstiiutioa  of  the  metnl,  and 
appoari  to  take  place  under  tho  cnimbined  effeutp  of 
heat^  ihe  repelknt  farce,  and  Ibe  coherent  forca 
inherent  in  the  subjtnnec.  The  mechaniaiil  proper- 
ties oftenaeity,  ductility,  An.,  must  greatly  dtpend 
on  the  perfectLon  of  the  cell  sjatcm,  and  ai  mncb 
iniportance  should  be  attached  to  ihia  aa  to  Ihe 
degree  of  chemica!  purity  neceii^ar;  to  insuTo  a  good 
iron,  «ince  it  Is  well  known  tbiLt  from  if  on  of  th(*iama 
chemical  purity  various  qualities  of  metal  md,y  be 
produced  by  working  at  an  1  .i proper  tempo raturcj  Of 
by  eooling  too  suddenly. 

PLANT  AN'D  OPEEAtlOKS  AT  FlftTHS'  StRRL 
Works.— Dr.  Percy  thus  refcri  lo  the  worku  of 
Meisrs.  Firth  A  Sr.na,  nf  SheCGeldi  in  il  letter  to  the 
Lendon  '"'Tiiacs;"  For  casting  large  ingots  each  crn- 
eible  contained  about  50  lb.  of  molten  steel.  At  a 
giren  signal  the  pouritig  of  the  metal  cnmoieiiceda 
and  In  siiteen  minutes  the  ingot  mould  bad  n-eeived 
the  contents  of  the  212  crueibles.  There  was  no 
bustle  or  confusion.  The  men,  2E10  in  number,  knew 
their  drill,  and  did  their  duty  without  a  bitch.  Tha 
ingot  weighed  85  cwt.,  and  wah  deiigned  fur  the  steel 
tube  of  an  Armitrcmg  gun.  The  rpcepiade  emplt^jed 
by  Krupp  for  receiving  the  steel  from  the  enicibles, 
in  the  first  jnstanee,  wad  dispensed  with;  btit  that  is 
only  n  point  of  minor  detail-  The  Messrs.  Finh  bave 
cast  nine- ton  and  sixtoen'ton  inguis.  A  nine -ton 
ingot  it  required  for  the  33- ton  ArmFtmng  gnn. 
Meitsm.  Firth  havo  expended  about  £:iiJ>OUu  In  tha 
erection  of  two  3q'^toa  Nasymth  hammers.,  re -beating 
furnaoes,  on  Blemens'  principle,  and  other  appli- 
ances. The  aaril  block  of  each  hammer  is  oust  iron, 
ea*!l  in  one  piece,  and  weighs  164  tons.  The  length 
of  hammer  stroke  ifi  nine  feet  six  incbos. 

THE  StKSfffiKS  FCRNACK  IS  beifig  somewhat 
cxtvujively  applied  for  ptiddling,  and  no  far  ai 
has  been  reported,  with  good  results,  there  being  not 
only  a  saving  of  fuel,  but  a  very  considerable  Faring  of 
iron,  while  aUo  the  balls,  especially  if  fettled  in  rich 
ore,  are  of  better  quality.  The  iinportnTicii  of  the 
highest  quality  of  fettling  material  is  very  greal 
where  the  iron  to  be  puddled  U  iMrgel?  charger!  with 
phunphorus.  Some  of  the  Cleveland  Iroiiinasiteri 
puddling  highly  phosphnretted  pig,  import  Urge 
quantities  of  a  very  pure  ore  frum  Norway  and 
Sweden,  and  these,  used  as  fettling,  not  only  udd  a 
large  quantity  of  iron  to  the  charge,  but  they  twke 
up  a  large  pniportion  of  phosphoru^i  «>r  phu^iphorio  acid 
in  the  ulag  ;  and  the  puddled  bur,  whieh  would 
otherwise  be  very  cold  short,  is  found  to  be  fine 
grained,  ductile,  and  fitted  for  nearly  all  the  purpo- 
ses of  good  makes  of  bar  iron. 

STKEL  Rails  and  Ttrks. — Messrs.  AVilliam 
Bird  A  Co.  in  their  monthly  circular  speak  aa 
follows  of  the  relative  use  of  steel  for  tyres  and  rails 
in  Kngland  and  on  the  Continent.  They  say  :  <*  Com- 
pared with  foreign  railway  spooiflcat ions  for  5,0U0, 
(),000  and  8,000  tons  of  rails,  and  6,000  to  A,00a  and 
10,000  Bessemer  steel  wagon  tyres  on  a  line,  our 
home  requirements  of  a  few  tonM  at  a  time  (Bessemer 
steel  rails  in  the  proportion  of  200  tons  to  5.i>00  tons 
of  wrought  iron  are  just  now  advertised  by  the  Oreai 
Northern)  appear  quite  insignificant,  and  in  the 
course  of  the  past  year  there  have  been  oon tracts  of 
40,000  tuns  given  out  to  French  works  for  l*otb  Bes- 
semer and  Martin  rails,  and  5,000  tons  of  French 
make  have  eveu  found  their  way  to  the  United  Staiet 
linos." 
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l»rjnftb€Tg-Orel  Jine),  3»l  Torfts.  Total,  3,337.  Of  and  groat  lln«fl  of  roitw^y.  WHublogtnt  mviiktlal 
(ho  Ku»!iiaTi  liD«a  fifteen  have  a  governmeDt  gumran-  |  to  }mitit  it  out  ^ben  in  oomuAiiii  til  ibe  rttniausuj 
tee,  atttl  their  capital  mmouiita  U*  237*850,0^)0  roublei*    forcca  locaiet)  in  the  vallfj  uf  iht  Muhavk^  Mlllf 


Few  qT  tbe  Koi^ian  riitvi ajji  hnTe^  a»  jet^  Qiiiiiaged 
lo  become  lelf-iupporting,  and  Engiii<baien  are 
WArncd  by  newipaper  corre?pondcnt«  to  ke^p  clear  of 
Ibe  railway  mania,  now  at  its  hejgbt*  The  govern- 
pncnt  \i  uodcTBtood  to  bare  fuiTefcd  aotne  heavy  bi?»ei 
i>n  aircotint  of  it«  guarantees,  but  it  can  afford  to  atand 
many  more,  if  nece««»ry  to  tbe  dcrelopitiont  of  the 
C<»untry. 

Differing  from  the  ftandard  adopted  in  m&iit  Earn- 
.p#*ii  eountrieB,  th^  Hu^iMiaQ  gn^uge  in  fire  ftetj,  an 
Arrange meiii  intended  to  prevent  foreign  railway  car- 
^  Vi»gei  from  enturing  tbe  coutitry  in  peace,  and  still 
more  in  war.  Only  in  Poland  the  ordinary  (jcrman 
linage  of  fonr  fet?t  eigbt  incbc?  bfts  been  adhered  t4>. 
A  weak  aide  of  tbt»  Ku»fliftD  rallwaya  is  the  induffi- 
eiency  of  their  rolling  fftock,  wbteb,  being  almo«i 
entirely  iniported  from  abroad]  is  a  dear  comiiiodity, 
•nd,  in  consequence^  kept  at  a  low  figure*  Aecidentji 
are  not  very  common,  llui^ian  engine -drivers,  who 
Are  apt  to  indulge  their  liquoroui  propenpitifr,  bt>tng 
'dijiciirded  on  many  lines  in  favor  of  steady  (JerninnA. 
Tet,  as  the  nnuiber  of  pae^engcrB  is  Aniall,  the  death- 
rale  by  accident  U  neccHsarily  great.  From  Cor- 
re^ptmdenct  tt/*  I'/io  London  Tini€M, 

EFFECT  OF  NORTIIEHX,  EaST  AXD  WesT  LinES 
ii'os  Nkw  YorkCitv. — Tbi»  subject  ip  di^ou^aLd 
at  length  in  **Xlarpera^  Magasinc;'^  tbe  conclnftion;^ 
are  as  follows:  i-pon  tbe  completion  of  the  lioosae 
tunne),  Boston  witl  have  twoline«  dircci  to  tbe  Ial;e4. 
Tbtr  line  by  way  of  Springfl«)ld  eucounlerw  anelevatJun 
of  1*450  feet  above  tide,  und,  in  it*  ii»eent  lowardf  tbr 
west,  bfti  a  grade  of  83  feet  to  tbu  mile.  Tbe  line  by 
way  of  tbe  tunnel  riues  at  the  summit  to  1,1  OS  feet, 
mnd  pnHes  throngb  the  tunnel  at  an  elevation  of  SM 
feet  above  tide;  but  it  baa  nu  gradua  9tfie{>er  tbao  68 
feet. 

New  York  enjoya  tbe  benefit  of  tide- water  from 
Troy  to  the  ocennt  and  of  »  railway  whoae  $teepeit 
<radea  (at  Poaghkeepne)  are  only  fifteen  feet,  Tbe 
fi:*rl«m  road  ia  less  favorably  situated  for  carrying 
through  freights,  as  it  ia  obliged  to  patii  over  tbe 
•ame  mountain  rnnge  through  which  tbe  Hndson 
Rivi-r  makes  a  clean  iwrep.  Except  for  about  1U4 
(iays  in  each  year,  when  tbe  Hvnr  is  cfofted  with  iee, 
^"ew  Vork  ban  the  immense  advantage  of  the  Hudson 
y1vef»  ciiptible  of  lioating  the  largest  barges  at  rate« 
for  frvight  with  which  railroad  lines  cannui  compete, 
»nd  at  3.U  timea  it  baa  two  lines  of  rnilway.  In  esc- 
lending  her  enterprises  to  Lake  Ontario,  it  will  be 
impoMjitibie  for  Mas(iachutiettB  toteeure  the  advantage 
?(hich  the  New  York  Central  enjoys  in  pa>^ingth  rough 
Ibe  Alh'gany  at  tbe  dipat  Little  Falls,  Thv  ruud  and 
^annl  there  are  a**ont  aojj  feet  lower  than  Lake  Erie, 
•4i<Ibut  about  \(Hi  bighur  tbiin  Lake OntJ^rio^  whereas 
the  lin<'  sitggei^ted  for  cnmpetUion  must  pass  over  the 
ttiwutituin  at  unftivurable  grades. 

Vow  York  baa  tbe  tncititnable  advantage  of  a  cavml 
Jdtd  lino  of  railroad  wbieb  deiit^nd  from  Lake  Erie  iu 
ilde-vriiter,  with  tbe  exception  of  a  trifling  counter- 
eU<v<itiMn,and  ba5  only  1  ll>  f«ft  to  overcome  between 
tide-water  and  Canada.  If  New  York  had  no  road 
Vut  tbe  Erie  it  wourd  be  on  a  footing  with  the  Atlan- 
tie  »oa- ports  foatht  aa  its  gradea  are  abonl  on  a  par 
with  tbo9e  encountered  by  them.  Peiine^ylvania, 
Mnivlkiud  and  Virginia  are  obliged  tosurmi»iint  ele- 
rait»K4«  in  the  niigbborbood  of  about  l;,5M0  feet. 
JJfirih  aad  South  Carolina  have  high  and  nearly  im- 
paj-suble  motintaitis  brbind  them  j  hr^t  South  Carotitia 
... .  ,  <-  h-.-  hy  ujiing  the  roads  of  (jeorg'va,  which  are 
around  them  and  tbrongh  an  opening  at 
L  in  ttnoiber  range.  The  history  of  the 
J  i  will  be  relied  upon  by  many  to  pro* c 

t-  I  great  error  in  policy  not  tu  coofiuu  our- 

i6;.>L^  .«  i.*£  rout€  indiCQltd  b^y  naiurt  for  our  eaoal 


llrtit  to  express  ib«  hope  that  it  witnld  bt  ImfimwL  I 
His  edtjoiition  as  an  engineer  enabled  bin  ataf 
to  perceive  that  New   York  ft<»od   unrivaJei  tt  I0  ] 
factlitiea  for  intercoQrte  by  land  nnd  smm,  aa4i 
queuily  for  eotamereial  aupreiaae/* 

ITALIAN  Railways  aku  Works  ,— The  j 
attifution  is  fo  mucb  directed  to  tbe  il««t  Oiall  | 
ttmnel  that   tfae  works   nptin  suWrrlitial^  lactttai  i| 
the  great  line  connecting  tK  '^    rti  and 

gide«  of  the  Alp«  are  little  :  ],M>n  lk«  I1 

side  of   tbe  mountains  ther^  h    dlKlrttU 

noeriiig.     Tbe  tine  from  Bardt>n&i  cht  and  Bt 
25  miles  long,  baa  a  tnnnel    tbr<»ff»-fo«rtba  •!  a] 
long,  and  several  fine  bridges  at  &icmt)»,  a  ti 
of  lesser  bridges  on  tbe  whole  line,  and  no 
24  tunnels  in  all.     A  li.te  40  wiles  ioii;^    Ttaea 
and  Tarente   has   many  featitrea  of    s  iltjt 

Ttquiring  "^  trial    Acetions^"  and    aar*^  nary 

rcciinnuieeances  before  any  attempt  c 
doliueate    Ibe  approximate    r«iute* 
over  the  torrent  t^an  iSlcpbanu,  hiia  a  ^-^ 
18U  feet,  and  U  200  feet  abovfi  the  watii.     A  »ia^iK>fc 
over  tbe  Caste  I  lane  la  is  240  frot  blgb  fr^io  lbs  rivtf. 
This  if  an  iriin  itrueture  on  lattiee-work  Um^  ^Ma» 
The   cbanicter  of  tbe  atruetures    oa    Ibess  Vimm  ll 
highly  ppuken  of  by  expt^rts. 

The  Italian   railway!  in  operalioii  mi  Ui«  diii  tf 
last  year  wai  as  fidlows: 
Alta  Italia  Railway  Cou.pMij 

PiedmontCice  linea 

Lombard  lines <<•«••••«••••••••*      0f 

Central  Italian  linot, •...•••  v.*^.*  ••••  *•  •       IN 
Vtoetian  lincE. ..•..••  •••«•#■  *«■»■■  *•«.«,       lif 

Totnl ..„,..... t;m 

Roman  Railway  Company : 

i  Naples  and    L«n»   Caoeello 
South  notion-?     and  6t*  8everttio  Eailwsy.      IM 
(  Aneooa  and  tJrUi  U»ilv«jr<«     10 
(  Leghorn,  At«ttna  aud  Li^« 

Ko^tb.eclioM:K::;^l^^;;;;•;;'rbrVl;l;  "* 

L     Bailway  .,. M 

Total .*..  I,M 

Soulborn  Railway  Company : 

Mediterranian  network *•-••••«••«••»  11^ 

Adriatic  network  ...... ..•.* KM 

Vogbera,  Pavia  and  Braaeia  Railwaj  Cmb* 

pany. ||i 


ToUl 

Victor  Emmannel  Railway  Companji 
Pftleruio  and  Termini  Htillway,  ,,«. 
Ueftsina  and  Catani»  Uailway  .**., 
Keggio  and  Latxuro  Kailwaj  ••,.«, 


IT 


Tota^I ••••*. tit 

Total  of  four  groupe •^•■««9«i>    4|i9i 

Tiaiin  ond  t'irio  hailwthj  « * ^aa^*  k 

bell    Kiiilwuy  over   J^vui  Grnlt  fix^m  Sma  lo 
Jr'ro&tior..«.*«  ..»..«•.••.««•«,*. «.,,        tJ 

Ti^tal «.*.,,,.t.   i  rit 


ANkw   ENGiNiERlsa  FiL\T  in  Ulked  of  a| 
Chicago,     It  is  prrp     -  '  *         *     n^-iL     _.-„_.^^ 
eral  ujilc»  above  tbe  ch  ,I. 

time  of  water  to  Ibe  lakr  be 

ehiiTinel  into  a  systera  of  f  Aiiruiid^^  Hiit^^ro  all  iU*>  Itae* 
eon  verging  in  tbe  city  migbt  uteet  in  one  gra»d  e««* 
tral  ataiion. 


dik 
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THB  Cornwall  Bridge. — The  bill  passed  in  rpuB  First  Epfrctive  Locomotive  ix  Amk- 
tk*  Stmte  AffsciiaMy  for  the  conitructioiiof  a  <u8- '  X  rica. — Tho  firvt  offuctivo  locomotirc  engine  in 
ptm«ion  briJge  meru«d  the  Uad«uQ  rircr,  42  miles  America — the  <H)ld  Ironstilos" — days  Mr.  K.  lias- 
aWve  New  York  ciKy,  appears  likely  to  be  acted  kill,  in{  the  <<Coiichmaker»'  Journal,"  was  bail 
«paB»aBd  the  deMgna'andcalca  atioDS  for  the  struc-  in  Philadelphia,  from  a  draft  by  Kufus  Tyler,  a 
tare  arc  naw  aliao!>t  oompleted.  The  total  leugth  of :  hrothrr-in-law  ad  partner  of  the  late  Matthias 
Ik*  bridipe,  ineludiog  approaches,  will  be  2,4ttV  feet,  :  Baldwin.  In  consequence  of  a  misunderstanding  the 
tha  length  between  towers,  1,666  feet;  the  clear  span,  copartnership  was  diisolvod,  and  Mr.  Baldwin  com- 
liMO  feet;  the  height  of  the  towers,  280  feet;  dis-  !  picted  the  engine  in  18.12.  The  wheels  were  made 
laaaa  from  platform  to  water  lerel,  lio  feet.  One  of  i  of  wood,  with  broad  rims  and  thick  ttrev,  the  flange 
tht  towerj  will  be  in  30  feet  of  water,  the  other  will  |  being  bolted  on  the  side.  The  engine  was  first  put 
W  a  land  pier.  The  bridge  will  be  carried  by  twenty  |  in  motion  on  the  Qermantown  and  Norristown  rail- 
•abUa  disposed  in  four  tysfeems;  each  cable  will  be  >  road.  She  ran  a  mile  an  hoar,  and  was  considered 
fcwtean  inches  in  diameter,  formed  of  steel  strands,  1  tho  woniler  of  the  day.  On  trial  it  was  ascertained 
diipiMcd  as  in  Mr.  Roebling's  bridge  at  Cincinnati,  that  the  wheels  were  too  light  to  draw  the  tender, 
(It  if  BOW  proposed  to  make  the  cable  of  steel  bars. —  {  and  to  overcome  this  difBoiilty  the  tender  was  placed 
B4.  V.  N.  Eng.  Mag.)  There  will  be  58,084  cubic  i  \n  front  of  the  engine,  which  kept  the  wheoU  on  the. 
fwdi  of  masonry  in  the  tower.  |  track.     Mr.  Baldwin  and   bis  assisUnts  pushed  the 

Tkere  will  be  a  road  platform  as  well  as  a  railroad  '  engine  ahead  until  it  attained  some  speed,  when 
tneki  which  latter  i*  ealeulated  to  a  working  load  of  I  they  all  jnmped  on,  their  weight  keeping  the  whools 
Sv4iO  tons.  The  platform  of  the  bridge  would  be  I  from  slipping.  The  boiler  being  too  small  for  the 
ttled  by  32  passenger  ears,  or  &3  locomotiros,  and  '  engine,  steam  was  only  generated  fast  enough  to 
18,100  people,  whilst  the  working  strength  allows  keep  the  engine  in  motion  a  ohort  time,  so  that  they 
ferthe  crowding  of  :il,560  people  and  GO  locomotires  j  were  compelled  to  allernately  push  and  ride  until 
mDOB  the  platfiirmi  at  one  time.  !  they  arrived  at  the  Germantown  depot.     The  return 


The  bridge,  which  is  estimated  toeost  about  £600.-  j  trip  to  Philadelpnia  was  performed  by  alternately 
Nt,  will  connect  the  mining  districts  of  Pennsylva-  >  riding  and  pushing  in  the  same  manner, 
aia  with  the  New  Kiiglanl  States,  and  effect  a  sar-  '  Several  successive  trials  were  had  during  the  year 
tag  of  foor  fhilling.t  a  ton  on  the  4,000,000  of  tons  of  ;  foUowing;  after  each,  Mr.  Baldwin  added  improve- 
coal  now  con«anied  annually  in  New  England.  At  |  ments  and  made  nltorations  in  its  mechanism.  That. 
present  about  l,Uun,000  tons  arc  carried  every  year  ;  game  engine  is  still  in  existence  in  Vermont, 
down  the  lludjion  to  the  depots  along  the  eo:iMt.     By 

CIA.— The 
nilroad  enter- 


LMns  ..f  a  .ih..rt    bra neh  made  to  the  bridge,    the  j  R  ailrOAD    Mattkrs    IS     CalIPORX 
Bne  railway   will  be  enabled  to  obtain   a  station  in     [^  open  winter  has  been  favorable  to  rsiln 


The  Central  Pacific  has 


5cw    \ork,  and   be  saved  the   expanse   and    incon-        .^^/^„  ^j,e  Pacific  slope. 

jeaienee  of  tran,!«rring  passenger*  and  goods  by  ,\^^„  ^riM^d  to  pii-h  forward  supplies,  and  to  cu..tinue 
ferry  to  their  termmal  station  in  Jerjey  City.  |     ^^j.       ^„,i  track-laying  without  interruption.     The 

k.^"^i?'K  ^'  completion  of  the  bridge,  a  ferry  will  ;  »  ^/J,^^^,  ai,ooveries  in  Nevada  will  much  increase 
U  esublished  til  the  point  of  crossing,  for  transfer  of  ;  ^^^  ^^,^gj^  „„  ^^is  n.ud  through  California  and  Nevada ; 
the  tratSc,  a*  the  railway  will  be  completed  up  to  he  |  ,^j^^,,  ^^^  ^^^  hnsiu^B*  generally  on  both  ends  of 
east  and  wtst  bunks  of  the  Hudson  long  bofore  the  :  ^  j.^'.^^^  railroad  has  exceeded  all  expeotions  for  so 
permanent  connection  can  be  made. — Engineering,       ««rlv  a  neriod 

YViWIiEV  MlN'IN'i;  Railways.— The  wooden  There  are  some  nigns  of  activity  on  the  Western 
If  railr.ad  now  completol  between  Clifton  and  the  Pacific  railroad,  fn.m  Sacramento  toOnkland.  Moan- 
AlirQnl:«k  uiiue-*  in  Nrw  York,  is  described  as  fol-  "  ^hile  the  California  Pacific,  via  \  allcjo,  has  reacli- 
ows:  The  raiU  are  of  hard  maple  scantling,  4x6  •'»  Sacramento,  and  the  passenger  traffic  li  stcailily 
aches,  .^l  on  edge  in  slou  in  lound  tiej«,  and  keyed  increasing.  The  connection  with  the  Nepa  \  alloy 
ia  the  Plots  bv  two  w.>oden  wedges  driven  against  each  railroad  is  progrensing.  The  extension  to  Marys- 
ether,  prujcri  two  inches  above  the  ties.  The  raiU  ^»"c  is  expected  to  be  completed  by  the  middle  of 
admit  tile  ben  ling  sufficiently  to  make  the  ciirv -8.—  «"«n««f-  Marysville  will  soon  have  railway  con- 
Tbe  lie*  are  laid  on  the  earth  and  ballasted  in  tho  nection  with  Sacramento  on  the  east  side  of  tho  \al- 
asual  mannr-r  to  two  inches  of  the  bottom  of  the  rail,  ^^y*  thnmgh  the  Central  and  Vuba  lines. 
It  takes  21.12"  feet,  board  measure,  of  scantling  for  'A'*>«  Southern  Pacific  railroad  is  graded  from  San 
a  mile,  and  I.7rf"  tien  at  three  feet  apart.  The  road  i  J"*«  ^  <iilroy,  and  some  30  miles  of  track  nearly 
is  a  very  r-nish  unf,  with  a  great  ileal  of  trentle  work,  completed. 
•ome  of  it  over  '.'.0  feet  high,  which  is  I'attly  more  ex-  , 

pcBfive  than  a  Irvvl  route.  The  engines  used  weigh  I  11 ALTIMOKR  T^VIOX  RAILROAD. — This  enterprise 
from  ten  Xj  fourteen  tons.  The  rails  will  probably  .  13  was  started  some  timu  since,  with  a  riewof  giving 
last  aUi»it  tire  or  >ix  years.  An  engine  will  m<>v*e  |  an  outlet  at  ti«lo-trater  to  the  various  railroads,  built 
abvot  :{■!  t*ini  of  f'-eight  at  about  six  to  eight  miles  and  contemplated,  entering  the  city  on  its  north  siidc. 
an  hour,  with  hi.-avy  gratles  and  charp  curves.  The  It  is  likely  to  be  fully  completed  during  the  en.niiing 
cfupany  expect«  to  move  over  the  road  next  year  |  two  year:*.  The  contractors  are,  it  is  said,  pushing  it 
from  60, Olio  to  I,uU(i.000  tons  freight.  Trains  have  |  forward  as  ra]>iilly  as  prudence  will  allow,  and  the 
p-issed  over  the  r^ad,  light,  at  the  rate  of  twenty  i  road  will  have  a  tunnel  just  out  of  tho  city  some 
mileo  AU  h-jur;  but  this  would  not  do  for  freight.  2,UO0  feet  long.  Threu  Hhafts  have  hven  sunk,  but 
The  pr-ip.i-'itiiin  to  build  a  wooden  track  railway  '  the  difficulty  of  wati'r  is  so  great  that  the  qucjition  of 
along  the  Lnke  Superior  copper  range  from  Portage  making  an  open  cutting  to  be  afterwards  arched  and 
Lake  Ufthv  Cliff  mine  ha«  met  with  great  public  favor.  .  filled  in  is  being  discu.<«>ud. 
The  co»t.  except  the  fir^it  five  miles  to  gain  the  sum-  I 

mit  ftf  ihK  range,  ha*  been  e-timated  (wooden  track)  .  OpaN'ISII  RAILWAYS. — The  entire  railway  sys- 
ac  SI.6IJ  per  milt*:  the  bidiling  price  for  timber  pre-  O  tern  in  Spain  is,  in  length,  about  ^^Vi't  Knglixh 
pared  an  i  d^'livrred  being  $2,:f00  per  mile,  leaving  mile;!,  and  about  £iiO,4JO,omi  have  been  expcnddli 
fl.7A0  p«-r  mile  for  construction  account.  Thi^  is  i  without  in  the  ag;;rfgato  ever  having  a  farthing  for 
e*»DsiJrred  more  than  fofficient,  as  all  agree  the  labor  ;  distribution  as  profit.  The  railways  were  built  ex- 
will  be  ii'»  greater  than  that  of  making  a  common  wa-  ,  travagantly,  they  are  ill  fed  for  want  of  good  car- 
gon  n«ad  *r  earth -C'tvered  corduroy,  which  is  dune  '  riago  roads  in  the  country,  and  altogether  they  art 
generally  for  about  $1  orS6  per  rod^  or  |1|2j0  to  perhaps  the  most  abject  failures  ever  witnessed. — 
|1«600  per  mile.  i  BuUtonit. 
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STOCKnOLM  JUNCTIOK  RaTLWAT— ExaiK'KKR- | 
ijiu  DirFicoLTJKS.^The  railway  terniini  of  thiij 
elty  hnire  heretofore  been  »t  hi  extreme  oppoRito  | 
esdr.  Tb«  new  junctjoti  line  eoinDaence»  at  the  iouth'  i 
ern  end  by  entering  a  tutmel  bured  tbrough  soliu  JEra*  ' 

^  BltOf  and   describing:  n   flight  curve  on  |»lan>     Ibis 

illinnet  iv  I;»500  feet  long  nnd  1^2  feet  wido  by  a  beigbt 
•f  IV  feot,  and  paa^ea  under  a  very  populons  pnrt  of 
the  oily.     Then  follows  a  cutting    2,400  fee*   long, 
♦be  r<»tii»ning  woll*  on  either  side  being  :if>  feet  higb,  j 
executed    in   solid  nnuonr)-.     Noxt  ooinea  a  bri«Tge 

I  ftcrftf^i  the  Soder^  after  i^bioh  the  line  travitmep  llie  j 
*  Btad  '  quarter^  then  erodtef  the  liiddaneholmoiiDal^  ' 
and  la»ily  jotni  the  Northern  railwuy  over  a   high 
embankment.     Coniidering  the  ^hort  diftanoc,  per-  i 
^aps  no  line  in  the  world  baj  preaentud  greater  difB,- 

[  •uUica  to  the  engineer,  and  it  le  only  in  Sweden  that  ! 
IWb  could  have  been  effected  at  no  low  n.  cott*  name-  ! 
Jy,  about    £61,000,     The  granite  in  the  tunnel  wna 
blasted  by  nioans  of  nitro-glyeerine^  S0,0t)O  puuadd 
being  used  in  the  operation. 

FRENCH  Railways. — The  entire  extent  of  rail- 
w»y  in  operation  in  Franre,  ^tptember  50,  18Wi8, 
wa4  l,934  mile*  as   compared  with  i',«t7l  njiJe*  8ep-  i 
Irmber  30,  1867,  ahowing  un  incrcuae  of  26i  mile*. — 
The  entire  amount  earned    o  all  the  French  railways 
to  September  30  this  year,  was  £19.684t40A»  as  com-  i 
pared    with   £\9A24^^\)H  in    the   eorrespiinding  nine  jt 
months  of  I8fi7}  showing  an  increnie  of  X25!^,4u7  this 
year.     This  increase  waj  enttroly  attributable  to  the 
new  network  and  thoiuircollancous  lines,  the  old  net- 
work preacnting  a  decreaac   in  the  first  nin*'  mootha 
of  tbijj  year  of  £188,156.     The  general  result  of  the  | 
working  of  the  French  IJncs  of  the  fir»t  three-qoar- 
tere  tti^  th\A  year  waa  a  decrente  of  4. 78  per  cent  per 
ailu  workedt  a«  compared  with  the  corre»p<^tnding  pe- 
riod of  ld07^  but  a  somewhat  better  reeult  ma/  be 
(  •eticipated  for  the  last  quarter  of  the  year.     Ne%er- 
^Iheleai,  French  railway  traffic  ha#  ehuwn  lc»«  ola«ti- 
tity  in  1868  than  in  several  preceding  year^. — Hera- 
paWi  Railway  Journal* 

THE  Gadgb  Question. — The  narrow  gauge  is 
now  replacing  the  broad  gauge  ayst^m  on  ■everai 
•f  the  branches  of  the  it  rest  Western  railway.  Tbii 
change  will  doiibtleaa  lead  to  some  IfgAl  difficulties^ 
ttrtain  coal  merchants  having  built  a  number  of 
broad  gauge  trucks,  and  made  oontracta  with  the 
company  for  the  eonvayanoe  of  cala    therein  ffir  a 

reriod  of  several  years.  It  ie  undcritaod  that  orders 
ave  beenraoeivttd  at  the  workshupA  of  the  bvlawarei 
Lackawanna  and  Western  railroad,  in  Scran  ton  i  to 
rebuild  no  moro  locomotives  for  the  wide  gange. — 
Thia  looks  to  the  not  distant  laying  of  the  third  rail, 
which  is  alio  necessitated  by  the  leasing  of  the  Mur> 
rii  and  Easex  railroad. 

BRITISH  Railway  Milk  age  Receipts  and 
ExPBKHRs — The  earnings  of  Briti#li  railvraya 
per  mile  worked  have  abown  a  steady  tendency  to  iii> 
«rea«e  upon  the  whole.     In  1849  the  total   receipts 

?er  mile  were  £1,957^  in  1850,  £\,9H;  in  1851,  X2.- 
7A^in  lS52,j£3,Ul;ln  1863,  £2,345;  in  I8.i4,  £2,alU; 
in  1855,  £3,58U|  in  1856,  2  6ft0;  in  18 •7«  £2,551^;  in 
1S58,  £2,510;  in  1859,  £2,574;  in  iRrtO,  £2,flftl  ;  in 
18«1,  2,629;  In  1862,  £2,522;  in  1863,  £2,528;  in 
1864,  £2,667;  in  186:>,  £2,700;  io  1866,  £2  J55 ;  In 
1867,  £2,770.  But  while  the  working  expeniies  of 
firitif  h  railways  were  46.8^  per  cent  of  the  traffio  re- 
oelpts  in  IS49,  they  had  iaerea^ed  to  54.57  percent 
«f  the  receipts  in  1867. 

TRAFFIC  OP  Tni!  Ml^TROPOLlTAN  RaILWAT.— 
it  ia  officially  stated  that  dtiriug  the  »ix  dnjs  of 
Ibe  Christmas  holiday a^  from  the  24th  t«  the  HOth, 
§0^,072  p^isengers  passed  along  the  Uo«i  of  this 
#eaifanjr. 


A  Rail  WAY  Library  of  1,000  Tolnmc*  » 
e*laMi*hRd  hy  the  Boston  and  Albsm 
An  apartment  in  the  pa^feng^r  am*     •    "  i 
been  fitted  up  for  it.     The  librae 
depart  men  ta,  the  Consulting  an^^ 
Tbo  first  oonipriaet  railway  tnaetn^uv  .,J. 

American;  encyclopedias.     The  eirci.  n» 

meni  embracer  ttandard  works  f*f     '  it- 

lion,  fiction,  and  bound  volumia  <  t'la 

periodical  of  past  years,  500  or  t''4  ^»y 

perton  in  the  ?crvicc  of  the  contpniiv  vu  llr  _:i_i  ^ 
tween  Button  and  Albany  is  privileged  to  l»k»  b#kf 
from  this  departmcut,  two  at  •  tiuj»^  "■'••^  ^  ^14 
them    two   weeka,    the  trato    l>aggaL  >a4 

atation  agt-ntr  along  the  ruute  trtto>tLi  -t 

TutMluy  and  Thursday  of  each  wr«k, 

TBK  Twelve  Grkat  Ratlwat  Cokim^ip^ii 
Great  Britain  arc:  The  Citledonfaii;  ttttsi  Kae- 
Icrn;  (ircot  Northern;  Great  WtBt*rij;  LanraAlft 
and  Ybrkrhire;  London  and  Korthwcatern;  L<md«i 
and  Southweatern;  London,  Brigliioti  am!  i^imtli 
Coast;  Manchester,  Sbifiield  end  Linr   '      '  **fd- 

land ;  Not  (hfAiftern,  and  houthraatt^r '  '>^ 

tinea  own  6,505   locomotives^,  valued  n  tj 

millions  of  dullara. 

WAHMixG  Street  Cars, — The  ears  of  \>ix 
Albany  and  West  Troy  railroad  (acteu  nti* 
route)  arc  warmed  by  atones.  The  f^t^re  o('<niipici 
the  place  of  one  pa««eoger  (or  what  would  he  af'fr^ 
priaicd  to  any  ihre«)  paasengert  in  New  Y'>rk  dljr); 
it  rests  on  the  bottom  of  the  car  and  paases  throagk 
the  seat.  The  adjacent  paa^vngen  nrt  proieclsU  ^ 
high  screens. 

LA  RGB    LoCOMOTrTES.— The    i-^V^''^"^**'^ 
engines  on  the  Northern  rallwaj  f  tfl 

59  tons,  and  hare  I7j  in,  cylinders*  kn 

and  12  coupled  wheels  H  ft.  6  in.  in  diumtLcr.  Tbo 
**  Pennaylvania,^^  on  the  Beading  railway,  hae  t 
eylinder*  20  in,  in  diamcteri  26  tn.  stroke,  a.ii«l  II 
driving  wheels  3  ft.  1 1  io.  in  dianietvr.  Sf*m¥  of  ifctt 
Great  Northern  (England)  engines  weigh  56  totti*. 


N 


EW     LiXR    PRDlf    EUROPR    TO     IXMA. Tl» 

railway  juat  comnieneed  from  Cof  l^  !• 

Adrianople,  will  nltimately  jd&lbe  A  '^•at 

Belgrade,   and  complete  the   iiuroptsu    ,  xhm 

Euphrates  Valley  line  to  India.  This  *«cuiu^>ii*tM4» 
tUk  prolongation  either  along  the  Enphrat4»e  Vslivy  M 
that  of  the  Tigris  can  be  but  a  quenllon  of  tine  awJ 
policy. 

ANOTHER    TrAKS-COxVTIXENTAL    RaILWAT, — 
It  is  stated  that  the  Csar  of  Kuapi»r  hut  Trnt  Iw* 
engineers  to  inspect  the  Pacific  railrti»  Tiew 

to  utilising  whatever  information    tti  fail 

in  the  const  ruction  of  a  road  frotti  &t.  .  ...  ,.  .,.g  M 
Chinese  TarUry. 

TUK  Railway  Makia, — A  period  of 
hie  activity  in  railway  construction  I*  jvet 
menoing.     Cannot  promoters  and  maDagera  W 
suaded  to  avoid  the  grand  mistake  of  former  lli 
bad  work,  coatly  to  maiatain^  untafe,  «jid 
the  eud« 

T  ocoMOTiYK  Cabs.— **  The  T  -  : - 

I  J  that  arrangomcnta  are  brin. 
a  aecliun  of  one  of  the  large^t  i 
ISngland  on  the  steam  carriage  principle. 

THE  Bhuigk  at  Columbia      '^^ 
nia  railroftd  bridge  ppanuin^ 
Columbia  was  opened  to  geoeral  :  ^ 


^dii 
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WW  ROnii  (^  '  T"^  ^^^  Great  Force.    The  Cause  of  Gravi- 

^^^^    DIA;IVw\  I  X    tatlon,  Planetary  Motion.  Heat,  Light,  Electri- 

AHaNDT  Book  for    tub    Calculation    of    city,  Magnetism,  Chemical  AflRnity,  and  other  Naia- 
t»TKAi!«ft    IX    Girders    axd    Similar  Stkcc-    ral  Pheiiuiucna.     By  Cbisfield  Jouxsox.    Buffalo: 
TTBKs  AXD  Tdbir  Stresgth,  coxsistino  OP  FORM-  I  Heed  A  Lent. 

CL^  A5D  coRRBSPOXDiiia  DIAGRAMS,  WITH  XUMER-  =  The  author  of  this  little  work  first  calls  attention 
otrt  DETAILS  FUR  PRACTICAL  AFPLiCATioxs,  Ac.  By  I  to  the  Steadily  inereaBioff  belief  among  the  leaders  of 
William  llrMBER,  Assoc.  Ixst.  C.  E.  Author  uf  '  the  scientific  world  that  heat,  light,  electricity,  mag- 
a  practieal  treatise  on  cast  and  wrought  iron  bridge  '  ntti^m,  and  cb»mical  aflfinity  are  all  manifetitat  ons 
floaatraction,  a  Record  of  the  Progress  of  Modern  of  the  same  force  and  conrertible  into  each  other^ 
SBgiDcering,  Ac.  12ibo.  with  three  plates  and  near-  I  and>  after  reference  to  FHraday*s  esfny  on  the  <<Con- 
I7  100  wood  ents.  '  servation  of  Force,"  and  to  Grove's  doctrine  of  the 


Mr.  Van  Nostrand  is  photographing  the  plates  and 
tost  of  Ibis  work  and  will  iisue  it  in  a  few  days. 

The  «•  Builder "  speaks  of  the  work  as  follows : 
Tkis  volame  in  not  intended  to  supersede  larger  and 


correlation  of  forces,  lays  down  the  proposition  that 
<*The  one  great  force  of  the  material  universe  is  the 
self- repulsion  of  caloric  acting  on  the  inertia  of  ordi- 
nary matter."   This  force,  he  avserts,  is  the  source  or 


_iOT«  elebnrate  treatises.  It  is  intended  to  take  a  |  cause  of  attraction,  heat,  light,  gravitation,  capil- 
Blaee  midway  between  these  and  the  **  Engineer's  l^ry  attraction,  planetary  motion,  electricity,  mag- 
Ptocket-book  '*  class.  The  fcrmer  are  too  elaborate  |  netism,  cohesion,  adhesion,  ohemfoal  afiinity,  com- 
for  aonrcnient  use,  the  latter  have  not  space  cnoueh  !  bustion,   explouion,   tides,    the    building    power    of 


for  tbe  introduction  of  many  useful  foruulsB.     To 
**  Handy   Book  "  represents  the  mean  between  the 
two  extremes,  and  will  be  found  a  valuable  ccmpan 


animals  and  plunti,  and  the  circulation  of  tbe  blood. 
If  he  does  not  prove  the  truth  of  his  proposition,  be 
at  least  ehows  the  probability  of  its  correctne»s.     We 


ion  bj  the  practical  man.  The  author  not  only  gives  recommend  the  book  to  tbe  study  of  all  who  take  an 
Ibe  most  applicable  formulss  for  particular  cases,  but  |  interest  in  the  subject  of  the  origin  of  natural  forces. 
be  illnstratL-tf  them  by  means  of  excellent  diagrams,  |  American  Artiaau, 

and  tbns  makes  bis  subject  easily  intelligible  to!  |> wjivEERiva  Av  It  1  rsTHATien  W'pfktt 
anyone  whose  mathematical  knowledge  extends  to  j  [^  >C.INEEB1NG.  AN  ILLLSTRATBD  >>  EEKLT 
e^utions.  The  method  of  drawing  a  parabola-the  '  f^  ."^^^  "S,\""  Conducted  by  Zelau  Colburn. 
base  and   height  being  stated— which   Mr.  Uumbor  :  ^*S^®° '  ^^^X'      1  r  *v:  *  n     ♦  •  i 

ffiTes.  is  a  happy  one.  The  book  indeed  recommends  I  .  The  seventh  yolnmo  of  this  most  excellent  journal 
ftieir  better  than  any  notice  we  could  write.  ,  "  ^^V^  °P  ^^,,^»»«   vrovionB  volumes  in  extent  and 

'  quality  of  matter.     >\  e  do  not  see  how  any  engineer 

T...  T»-.*—  -.^«   rk..^«  ...  -D«  ..«...,..•»  n«*,    '  ^*»o  *«*  familiar  with  Mr.  Colburn's  writing — his  ex- 
HE  IVDICATOR  DIAGRAM  PRACTICALLY  CoX-    t^„,i^^^    p^.j^i,.^  „„^  practical  knowledge,   and  his 
-       "»*"!;'»•     By  N.  1.  Burgh,  Lngmeer.    Lon-  I  dear,  concise,  searching  and  comprehensive  treat- 
TSJ.    .  *  ,;^*  '*P??i«"*''*  ,  ,  ment— can  do  without  this  journal.     In  the  pretty 

This  IS  a  12  mo.  of  IfiO  pages,  containing  numerous    ^^.^f^i  .wading  of  60  to  70  fcientifio  magazines  and 


-cats.  The  object  aimed  at  is  be«t  stated  in  the  |  newspapers  every  month,  wo  find  much  that  is  thor- 
I  of  the  preface.  *«  The  means  I  adopted  "  to  .  ^ugUly  g„od  and  well  put,  and  a  great  deal  that  is 
prefeseionaily  te»t  some  indicator  diagram!  "were  to  inconclu«ivo,  if  not  trivial.  But  we  rarely  find  any- 
eoBsider,  first,  the  proportions  of  the  details  that  I  thing  in  Mr.  Colhurn's  writings  that  is  not  founded 
regulated  the  admission,  expansion  and  exhaustion,  ,  „         ^  .  j^^^  ^„d  extensive  reading  and  expe- 

ef  steam;  and,  necnndly,  their  geomelrical  delinea-  I  rience.  Kven  when  somewhat  hasty  and  incomplete, 
tion.  H-ving  proceeded  thus  far,  I  then  concluded  1  ^^  newspaper  articles  mu«t  be,  in  comparison  with 
that,  as  the  length  of  the  motion  fur  the  indicator  .^jj^u^^j,.^  treatises,  Mr.  Colburn's  articles  are  full 
Urrel  was  virtually  that  of  the  stroke  of  the  piston,  !  ^f  -^^  ^  illustrations  and  strong  points. 

tbe  scale  of  the  geometrical  test  that   I   employed  • 

most  be  subject  to  that  circuuisunce.  I  accordingly  A  MANUAL  OF  ElkmextARY  ClIEMISTKY,  TnEO- 
made  a  drawing  of  the  cylinder  port^i,  slide  valve,  ix.  rktical  and  Practical.  By  Gko.  Fownks* 
link  motion,  eccentrics  and  rods,  a  portion  of  the  F.  R.  S.,  lute  Professor  of  Chemistry  in  University 
length  uf  the  pinton,  length  of  the  connection  rod  College,  London.  Tenth  edition,  revised  and  cor- 
aad  crank  circle  at  the  same  fcalo  thai  the  stroke  of  rectoU.  London:  Johh  Cuurouill  &  Sons,  New 
tbe  pi.^ton,  in  inches,  was  equal  to  the  length  of  tbe    Burlington  street,  1868. 

indicator  diagram.  I  acouired  thus  a  correct  kiiowl-  There  iti  probably  not  a  atndent  of  chemiotry  in  thii 
edge  uf  tbe  positions  of  all  the  detailn  that  regulated  country  to  whom  the  admirable  manual  of  the  late 
tbe  steam  at  the  points  of  admifnion,  cut-off,  expan-  '  Professor  Fownes  is  unknown.  It  bus  achieved  a  suc- 
tion, cxhauKtion,  compresMion  and  lead,  in  relation  cess  which  we  believe  is  entirely  without  a  paral- 
to  the  po^itioni*  of  the  piston  and  crank  pin  at  the  1  lei  among  the  scientific  text-books  in  our  Innguage. 
■ftne  scale  as  at  tbe  diagram;  and  by  laying  it  on  This  success  has  arisen  from  the  fact  thiit  there  is  no 
tbe  ctank  pin*i  circle,  I  saw  at  once  how  it  iras  ,  English  work  on  chemistry  which  combines  ^o  many 
formud  11  relation,  to  time  and  »peedt  and  the  ecwie  exvollcnoes.  Of  convenient  site,  of  attractive  form, 
tf  tke  defe€t$,  if  any  existed — indeed  being  tbe  only  olear  and  concise  in  diction,  well  illustrated,  and  of 
metbuii  of  gaining  that  information  trutf{fully,  which  '  moderate  price,  it  would  (leem  that  every  requisite 
is  illoftratrd  by  the  plate  in  the  fronti.tpieoe."  i  for  a  :(tudent's  handbook  has  been  attained. — Vkemi" 

Tbe  work  al«)  treats  of  the  indicator  and  diagrams  ;  cat  JV'eirs. 
IB  all  their  points  and  relations. 

LI  A  Syxopsis  of  the  Patent  Laws  of  Va- 
OXG  A.vD  Short  Span  Railway  anp  High-    t\    riuus  Coitxtriks.  By  Alkx.  ToLiiArsK.N,  Ph. 
WAT  Briiiuks.     By  J.  A.  Kurblino.,  C.  £.  D.,  Translator  at  the  Patent-office,  London:  Trub- 

Mr.  Van  Vontrand  is  proiluciog  thiti  work  in  superb    mkr  A  Co. 
ityle.     It  is  a  largo  folio,  eighteen  by  twelve  inches.        This  work  contains,  in  a  condensed  form,  oil  the 
with  folding  plates  |  some  of  them  60  inches  long,    necei^sary   infonnation    rcsi^eoling    fecs^  documenii 
engraved  on  copper.     It  will  be  ready  in  April.  required,   di«olaimcrii,   prolongation,   infringements, 

Mr.  Uoclding's  name,  alone,  will  innure  a  large  jurisdiction,  and  legal  pntoecdings,  Ac,  Ao  .  togethei 
■ale  for  this  work.  The  results  of  his  labors  and  with  references  to  the  acts  and  ordinan !<('.<'  them- 
stadies.  ail  tbcte  many  years  of  devotion  to  the  sub-  selves.  An  eager  inventor  can  now  ascertain,  in  » 
jeeUof  iron,  steel  and  bridges,  will  be  eagerly  sought  few  minutes,  the  entir«i  oo^t  of  patenting  Ui&  inveii* 
tw  bj  tbt  proftNion  all  over  the  world.  ;  tion  in  erery  quarter  of  tbe  globe. 
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TKXiH.  Slimentaibb  i>k  Physiqub,  par  a. 
PWIVAT      DElJCIlAJfEL,       Profcfsof     ftu     LjOeO 

LoaU  tc  (iraiid.     Piiiis:  1868. 

Thi?  work  iroald  have   been    c»ll«d   a    **Nfttiir&1 
Pbil'>*ojjhy'*  in  our  iehool  days,  but  it  is  rather  in 
adv»t>c<  ol  ihtj  **Ccmstock>.  Philosophy  '■  wc  studied, 
in  «lyle  and  treat  men t.     It  appQar§  to  be  even  an 
Improvdm^ut.  on  Uanut,  which  U  fajifig  a  great  deal. 
Wo  hi>p<?  it  will  be  translated,  and,  above  all,  that  j 
the  Wiiod^cQts  witl  he  reproduced  in  something  like  ' 
the   Trench    fly  I  e  of    higb   art.     The   pre-coriiMiUs  | 
treatment  of  the  ateam  engine,  for  instance,  in  uioet 
of  our  modern  text   books,  and  the   prc-raphaelite 
WQod-culB  ihnt  diiifigurc  them,  are  unworthy  of  the 
Aiip] rations  of  Amorieao  youth,  and  the  preieoeiom 
of  American  pabliiherf* 

ELR  WENT  ART  GkOMETHT.  By  J.  M.  WlLSOST, 
M.  A.,  Fellow  of  St.  John's  College,  Cambridge, 
and  MAihematieat  Mftiter  at  Rugby  SchoDK  M«o- 
inillaii  &  Co. 

Th\i  id  an  attempt  oonBiderad  rery  promisiog  bj 
reviewers,  tc*  render  an  exceedingly  dry  labject  at- 
tractive, audhrnc*e  fMui i liar  and  usefnl.  The  arrange* 
mvnt  and  treatment  of  thi*  facta  are  changed,  and  I 
nraoticril  applioationa  of  geometry  are  introdneed*  | 
Bereral  attempts  had  previouitly  been  made  tn  Ea* 
gland  to  make  Euclid  more  practioiil,  bnt  ihey  haro 
not  bcf^n  very  euoeeftftful  there.  In  Frnnco,  on  the 
nontrary.  Legend  re  *nd  hn  Croix  each  composed 
«lemenU  which  have  completely  supplanted  Euclid. 
li  is  their  modoU  chat  Wilaon  ha»  greatly  followed. 

ART  OF  C0.V3TEUCTIKQ   AND   KkPAIRIXG  COM- 
HON    Roads.      Weale'i    Rudimentary    Series. 
London  :  Virtue  Jk  Co.,  1888. 

A  fourth  edition  of  ihU  volume  of  Wealo'H  Rndl- 
mentary  Series,  with  addition p«  ha«  been  pubU«hed. 
It  inclndeft  a  **SurvBy  of  the   Metropolitan  Roads,** 
by  S.  Ifughes  (whioh  might  be  left  out  without  much 
lor»s):  tbe  **ATt  of  Constrnoting  Common  Roads,**  by 
Henry    Law;    *^  Remarks   on   the    Malntainance   of 
Macii.dainized  Roads, '^  by  Sir  John  Biirgoync;  and  a 
note  by  Mr.  Robert  Mallet  on  the  oaunesof  the  appa-  ' 
rent  lailureof  maciidamifedroadi)  in  certain  looalities.  I 
Mr.  Miilfott  regard*  acphaltlo  inacadamiilng  as  the  ' 
v^ery  bc»t  material  for  the  itreat  vurfaoai  of  p«piiloii4 
oitiea.     A    large  amount  of  valuablo  ioitruotioii  U 
fiven. 

Ml/tECnLAB   AVD   MiCEOSCOPIC  SrnJNCB.— Bj 
Mahv  SouKitviLLii,  in  two  voIumoA.     London: 
John  Murray.     18(tU. 

The  «cope  of  the  wt^rk  if  thniitat«d  In  the  preface; 
**  Mioroae^tpia  invofiti gallon,  orftanie  and  inorganio. 
ii  Ati  puoullarty  eharaeteriftie  of  the  actual  itato  of 
ieiente,  that  the  authur  hni  ventured  to  give  a  iketch 
of  fume  uf  the  mo«t  prominent  diieoverios  in  the  life 
and  structure  of  the  lower  vegetable  and  marine 
^nituAl*,  in  addttfon  tn  a  few  of  tho«e  regarding  inert 
tnatter,"     The  work  ii  quite  fully  lllnitrated. 

TitB  Mf3N*TirLT  MtcnnncopinAL  JonRSirAL, — 
TftASSArTiojia  oi'  tub  Royal  Mi^roscokicai, 
Borirrv,  and  Rkcoud  or  ili^roLoaicAL  RBsfiAitcn 
AT  nuKK  A  n  ABRjAn.  Edited  by  Ukwrt  Lawsow, 
M,  i).,  F.  It,  M.  S.,  Lon-Jon.  No.  I,  Jan,  IHrtO. 
Thti  i«  a  new  illuntrat^d  Journal  of  thli  Important 
Aiod  growing  loienoa. 

TABLES  8nowi\'o  Trm  Lrygth^  ta  Frrt,  op  a 
Da^aiie,  Mi!ftrT«,  Axn  S«cojfn  of  LATiTrns 
AJii»  LosJoiTtma,  with  thi  0onR«ttPO3tni!co  Nitj(. 
men  Of  Statuti!  MiLki  ik  Each  Dbobibe  op  Lati- 
Tirna*  Jtc,  Ac.  By  R.  C.  Carritihtow,  F.  R.  0. 
U,.  of  tho  Hydrographia  Department  of  tlj9  Admi- 


atTANTITIKS    MAPB  EaST;    A    " 
RATE    MeTIIOP   OF    TAKt?(G    M 

Blttli>i5c«j(.     By  U.  a.  Crcasbit.     r,cMiw,i^<i. 
head. 

These   pAgci  confi«t  of  lUt«   of  the   I  torn.  It  g^ 
ordinary  dwelling  honse,  ?o  that  an   < 
not  forget  or  overlook  any  in   takrog  « 
tie*.     Instead,    howerer,  of  kecpioj^  :. 
separate,  the  writer  puti  caeh   room   > 
that  the  same  headings  would  haTS  to  h 
and  over  again,  and  the  reeultiog  turn  ^ 
mncb  higher  than  the  «ame  ejititnator  v 
it  if  he  pursued  the  more  CDBtomary,  eii^  i;u-> 
oomuion-ienae  mode. 

A  Text-book  of  KATriiAL  V 
acetimte  Moctcm  and  8yftcm:< 
the  Elementary  Princtpler  fif  the  .^n- uce.     a.ujUj 
tm  use  in   Utgh  Schools  nnd   Academiea.     Witk  ^ 
illustrations.     By  Lk  Rot  C.  Coolrt,  A.  M.,  Fl__ 
of  Nat.  Science  in  the  N.   V.  State   Normal  S^lkeal. 
Pp.   .115.     New  York;  Charles   8eribn«r  A  On.^iU 
Broadway. 

The  author  di^conr^ei  of  molecules  and  »• 
motions^  havinj^  out  adrift  Che  ancient  tbe>M 
ponderables,     lie  haj«  no  respect  for  err   r  '       ,..-  a 
U  vtjnerablc,  and  he  gives  ii  no  room  in  I  . ,   .;« 

sctA  a  good  example  to  the  campUtrt  <if  »cn(iai«M9n 
of  seienue. —  Chtmical  Nevpif* 

DICTIOXART     OP     EXGIXEIEINO,    CiVtt,    Itt- 
CHANicAi,,  Military,  and  Navai.,  wtru  Tica- 

NICAL    T|CttU8    IN    FBK.VCU,    GkUMAM,     J-  -       -- 

Spaxish.  E.  a  F.  N.  Spon.  London: 
This  work  appears,  upon  a  cwrn.>ry  rw 
be  full  of  upufkit  And  mndtrn  prmcttcc.  It  u  vmf 
liberally  and  well  ilhistratcd.  Th«  **£ngiBeer*'  «a4 
other  authorities  uriticite  some  of  its  artiejct  rsft 
freely,  but  all  of  them,  on  the  whole,  commend  ik  U 
cannot  fail  to  bo  important  and  valuable. 

UXDKRGROU.VD    LtFB,  Oil  MlKBa  AKD    MrXtlf. 
By  L.  SlKOMf!t.    TftAT«S(.ATRfl,   ADArTEIITOTVl 

pnesRNT  STATE  or  BRrTisii  Mihino,  a?ii»  enittB 
flr  H.  W.  BfttSTOW,  F.  R.  g,,  of  the  ac«tt»gi#aj 
Survey.  Illustrated  with  many  plates,  incladlBg 
ohrnmo«llthoj^raphf.  London:  Chapman  A  BalL  \^^' 
This  IS  a  beautifully  printed  and  illQttratvd  work, 
and  will  prove  very  entertaining  to  all  rea4ors,  ^- 
fe«sional  or  otherwise. 

''FiiK  Railways  of  India,  witw  ax  Aoootht 

i     Ol'  THKIR   HlSK,     PftOORRtV    A*^*'    /•..-...      -^r^!?^ 
WRITTf.S    WITH   THa    AlP    OF    TUV  ji% 

lycniA  OrFici,     By  KnwAan  Da  «  ,  R, 

N.     London:     E.  k  F.  N.  Spon.     ibiji^. 

TUB    CflKltflCAL   NifiW?*,    Vol,    IX,    1-V3  I^^ 

papers  in  this  volume  are,  so  far*  int'^rr  ain^  ^^^^H 
alasies  of  readers,  especially  the  article*  on  f«^|H 
sewage  and  water  supply.  '.^ 

SAVlTAItY   SlFTtKQS,  OR    RKSTri.T9  OF  SlVAIVl 
SrsTRva   Con  PARK  p.    Londoftt  S.   waA  W*  V* 
6p<m,  Charing^  Cross. 

THK  A. B.C.  SxwAOiB  Pftocgss.   Tvondon :  YilA 
A  Alexander,  7  Symotidj  Inn,  Chanei^ry  La«»a. 

■\rAVIGATtOK     ANB     XaUTICAL     AsTHUVlUnr.— 
li    J.  Merrifiald  and  U.  Eren.     8ro.,  ]U. 


COURS  DR  OniMIE   AoaiOOLS 
CQARTIBR.     Paris. 


YBSUVIUS. 
1869. 


COlTR«s  DK  M'^CANIQUl, 
Paris. 


By  JOJIN  PutLii^s,  M.  A.   Os(bf4: 
Par  M.  Eiols  Lmclmms, 
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80.8770 

19 

= 

8.615 

15.000 

=s 

33.n825 

20 

=s 

9.068 

16.000 

= 

35.2380 

28=1  qr. 

= 

12.695 

17.000 

= 

37.49.35 

56=2  qrs 

.= 

25.391 

is.ooo 

s= 

39.6990 

84=3 

=5 

38.087 

I9.0OO 

= 

41.9045 

112=4 

= 

50.782 

20.000 

= 

44.100 

Cwt. 

Kilot. 

Tons. 

Tonnes. 

1 

:= 

50.782 

I      =s 

1.0157 

2 

— 

101.564 

2    = 

2.0313 

3 

— 

152.347 

3    = 

8-0470 

4 

= 

2n.H.129 

4    s= 

4.0626 

6 

sr= 

25.1.912 

5    = 

5.0782 

6 

=s: 

304.695 

6    = 

6.0939 

7 

:ss 

355.477 

7    = 

7.1095 

8 

= 

406.260 

8    = 

8.1252 

« 

= 

457.042 

9    = 

9.1409 

10 

= 

507.825 

10    = 

10.1566 

lOrl   tOB^I 

,015.649 

AToirdapoif< 

t. 

lot. 

28.S3R( 

1  grammes 

1  lb. 

0.46.'J 

\  kilugrammos 

Mr. 

12.695 

)  kilogrammes 

lewt. 

50  780 

}  kihigrnmmcs 

1  ton 

n  1.015.650 

kilogrammes 

1  gramme 

=  15.4.1SgrP. 

troj=0.0353  oz.  avoirdupois 

1  kilogrammo=  2.3055  lb. 

I  tonne  =  0.98IC  ton=19  cwt.  2  qr.  21^  lb. 

If.  per  lb.  =      2.757r.  per  kilogramme 

If.  per  kilogramme  =      4.353H.  per  lb. 
£1  per  ten  :=    24.ttl5f.  per  tonne. 

Movi.vo  CiTT  Bi^CKS. — In  the  new  Boston 
iapr(»%*rmeots,  tbis  is  accumplished  in  the  ful- 
loving  manner  :  About  six  hoii«es,  or  one  hundred 
aB<l  twenlj  feet  long,  are  ui^uallj  raised  in  one  block 
together,  the  walls,  front  and  back,  being  cut,  or 
rather  a  line  of  iie|»aration  being  made  at  about  each 
filth  hou/o.  The  raising  is  done  by  screws,  as  usual, 
and  the  blitoking  is  the  u^iual  cob-houxc  work  of 
piece?  of  tioibt-r.  The  moving  is  on  wooden  rollers, 
rosp.d  irnu  bars,  ftnd  on  balls,  with  no  apparent 
Rasnn  for  ehtK>:*ing  or  Uiiing  cither.  Of  course,  th«)9c 
kA<]tfi.*«  at  the  ends  of  each  block,  in  rai!*ing,  where 
tLc  i-irtj  wall  \a  remored,  are  carefully  cluiiiped  and 
tra^.-..d.  And  about  every  fourth  house  has  been 
fr>and  to  require  the  front  and  back  walls  to  be 
eUu*|Hd  by  through  bolts  to  the  floors.  The  walli* 
IDMT  be  eaiil  to  be  universally  but  eight  inches— 
•  Ti"'  briek  thick.  About  one -half  the  hou.scJt  are 
oce-^pieJ,  the  raiv^g  or  moving  not  interfering  with 
tbc  dr.ine^tic  i«^»mfurts  of  the  household.  From  an 
cXAmicidlion  uf  the  building**,  very  few  cnicks  are 
di»c«r Dibble.  The  ground  is  fortunately  all  rolid, 
out  '-  uaie.''  and  the  underpinning  is  either  done  in 
brick  or  in  cubical  granite    blockr. 


SuBMABiNB  Blasting  at  Hell  Gate. — The 
apparatus  designed  for  drilling  the  sunken  rooka 
for  the  introduction  of  the  charge,  consists  of  n  water- 
tight iron  casing,  in  form  a  deprcsited  semi-spberoid^ 
seven  feet  in  diameter.  It  has  three  solid  steel  feet 
by  which  its  stability  on  the  rock  is  secured.  Riaing 
from  the  upper  part  of  the 'casing  is  a  conical  wrought 
iron  framH,  supporting  the  upper  end  of  the  drill 
shaft  by  means  of  two  parallel  rods  entering  into 
sockets  in  a  cast  ring  at  the  top  of  the  frame.  The 
drill  bar  passing  up  through  the  center  of  the  top  ii 
furnished  at  the  bottom  with  a  bit.  one  and  a  half 
inches  diameter,  having  imbedded  in  its  face  nineteen 
diamonds,  and  rotating  at  the  rale  of  from  300  to 
500  revolutions  per  minute,  advancing  at  the  rate  of 
from  one  to  one  and  a  half  inches  in  the  same  time. 
The  feed  is  caused  by  a  difTercntinl  gearing  which 
steadily  operates  to  advance  the  drill  into  the  rock^ 
the  debris  being  washed  away  by  the  water  forced 
into  contact  with  the  bit  through  a  small  rubber 
hose.  The  water-tight  chamber  of  the  machine  con- 
tains a  pair  of  engines  working  at  right  angles  to 
each  other,  with  a  horiaontal  stroke.  As  soon  as  the 
bole  is  completely  drilled,  and  also  when  the  drill 
shaft  is  withdrawn  from  the  rock,  information  of  this 
is  given  by  a  magnetic  bell  which  is  acted  upon  by  a 
double  wire  cord  insulated  from  the  water  and  passing 
down  one  of  the  parallel  rods  or  tubes  upon  which 
the  crossbcnd  is  fixed.  This  drill  weighs  nearly  five 
tons.  It  is  worked  from  a  wrecking  tug  with  a  derrick 
by  means  of  steam  supplied  from  the  boiler  of  the 
tug.  To  prevent  this  steam  being  condensed  in  ita 
passage  through  the  water  to  the  engine  it  is  con- 
veyed in  a  hose  surrounded  by  another  through  which 
the  exhausted  steam  passes.  The  rock  at  Hell  Uata 
is  that  known  as  the  bastard  granite,  and  is  mueh 
softer  than  either  the  Quincy  or  Maine  granite,  on 
which  the  drill  has  been  satisfactorily  tested.  After 
a  number  of  holes  are  drilled  over  a  certain  space,  a 
diver  de^icends  and  charges  them  with  cartridges  of 
nitro-glycerinc,  which  is  exploded  in  the  usual  man- 
ner. The  fragments  are  raised  by  automatic  grap- 
nels. 

OPINIONS  Differ. — A  prominent  London  co- 
temporary   says  about  two  invent ioni<,  one  Eng- 
lish and  the  other  American,  both  of   which  are  re- 
cognized by  the  best  and  most  numerous  authorities 
as  among  the  most  successful  improvements  of  modem 
j  times,  as  follows : — 

I      Siemens*  furnaces  do  not  gain  in  favor.     Those  put 
I  down  at  the  Woolwich  (xun  factory  arc  not  used,  aa 
!  they  were  not  economical.     In  Prussia,    wc  under- 
I  stand  that  they  make  no  way,  and  the  ^tiitcment  is 
I  indirectly  fruppurted  by  another  which  bus  reached  us 
.  to  the  effect  that,  although  used  at  Klswiek.theycost 
I  .'10  per  cent  more  in  fuel  than  the  common  furnaces. 
I      Mr.    Ifrherwood,  the  chief  engineer  of  the  United 
!  States   nnvy,  has  reported   dead  against  the  moni- 
tor:*,  and  the    secretary   of  the  United   .States  navy 
I  cooly  tinppressed   this   portion  of  the    report.      The 
Amtriean  gnvernment  are  building  no  monitors,  and 
,  both  the    Dictator   and  the  Puritan  have  been  pro- 
nounced total  failures.     Turret  ship.i   are  increasing 
]  in  favor  in  Kurope,  but  they  muHt  not  be  confounded 
.  with  the  Kricsion  monitor,  which  is  a  very  different 
thing. 

THiAL  OF  Steam  Rollers. — A  successful  pub- 
lic trial  ha#  been  made  at  Uochester  of  a  steam 
road    roller,  manufactured  by  Men.xrs.    Aveling  and 
!  Porter,  f<»r  the  city  of  New  York.   An  incline  having  a 
:  rise  of  I  in  12, was  chosen  for  the  trial, its  entire  surface 
;  being  covered  with  the  ordinery  t<toneri  ui^ed  on  maca- 
damised roads.     In  six  hours  the  road  wn^  completely 
'  smooth  and  fit  for  the   passage  of  vehicles.     Messrs. 
I  Aveling  and  Porter  have  in  hand  three  bimilar  rolleri 
for  the  Indian  authoritiei*. 


WK3TKn>r  RivBR  NAVir.ATtoK. — The  Pitts- 
burgh  •*Cbroiilclc'  givce  ttte  following  figun?« 
«ono«rniag  ihc  number  undt  lunniigc  ovrnet]  In  ibc;  dif- 
foroot  StiiUt  AlMiig  (be  Mi«iiAsippi  i>uiJ  ita  tributiiri«<  i 

Stenni  Ttital 

Bftrgcs.     Toasclj*        touniige. 

Loai»UfiA... sa  23a  56«:iaH.a7 

lfia«iMi|}pi  ..* 15  3,HUH,3.1 

Tuiiticifiico  ,. «3  i;^,4li.8X 

Kentucky 11  75  27,^72.83 

MiMoori Og  310  n2,):;3.18 

Iow«. $d  23  5,01)3.29 

UiRDe»otA ,....     87  5S  18,U82.0l 

r2tU»<ii« tf«  72  27.32,1. AS 

Indmnft 26  5t';y.'188 

Ohio 70  155  t»g.7l4.45 

Wc*t  VirgJni* 20  )24  22,116  42 

P»na«yl?*aia ^85  VJ7  9HJ52.tta 

ToUl 8;U  1,263  481, 217. «l 


iiibjecL«  wblofa  will  &xtervil  tbrotigK  «»r«>r)i 
bcrs  of  tho  mngazine.  Vnrioui  {k»pvr*au  en 
tiro  in  course  itf  pi]blicattoa«  in  tb«  hnm*^  m 
««riiili.  White  thej  aro  generfttty  m 
thftl  tome  of  tbcm  ftre  tun  ol^mmt 
ftbatruie,  »od  others  ttill  too  limited  i 
tb«  rcquiroincnU  of  our  reatlem.  A 
Btiiah  tniflOclUtii'QtDi  el emcau  would  hn 
purpuae.  We  hsire  thorvror«f«eured 
of  A  fftries  of  original  papetM^  by  nn  • 
wbote  eduoatioa  Aod  priicCice  hute  tl.  ^  ^ 
him  for  tb«i  work. 

TrtK  RoGKHS  LoooMOTrvK  WoRKfi  tmfkf 
3,000  hiimlTt,  Aod  turn  oat  aUitH  tea  loo»flfrvllTii 
pfir  monibf  bvtides  hd  irotncDir  quARtitj  of  cvUoo 
and  wookn  mnvbinerj.  The  workn  ruioprtM  «M 
building  300  by  :a  f«et,  nnd  <me  102  by  40.  v^i^ 
boiUr  fhopt  ertovting  ih«>p8  and  leyttrAl  o(b*r  itrif- 
tttrvM.  Tbiii  cjitttblipfamcnt  W«t  founded  In  liJl  If 
Thoititi  Uogerc,  and  turned  otit  il*  dr*l  lo«oib»Uft 
fur   ibe    M>id   Hirer  and   LitU  Brl«  Co,»  la  IStt.— 


HOT  Prkssed  Nits  i>r  Exglaxd. — American 
luueliinery  for  luiiking  nkit«  hne  been  itilriMluvud 
ill  Hirniiugbtvm.  Tbe  pruce»a  in  Ay  be  tbi];!i  briefly  de- 
Koribedi  Tho  puddled  iron  !»  placed  In  &  reverb«r»- 
tory  fuinHCis  nilled  to  the  requbite  lize,  and  while 
BtiU  hut  i»  pUced  in  the  umohtDeit.  Here  the  iron  h 
vol  oft',  forced  into  u  dio  box,  either  fquarc^  bexm- 
gonal,  or  optugcrtial,  ns  ibe  tm*e  inmy  be,  and  while 
mnder  the  ncccAsary  pressuru  it  u  punched  sittiuttane* 

ousty  from  cither  lidc*     The  udvnniHgea  of  thia  pro-  j        ,    ,     ,  .  .         *».!<► 

MM  Are  the  greatrr  eotieyive  nrcngth  ftrUing  f rom  *"^ ,  ^"  ^*^'^^  ^*'*«*  *V"  ^^  ^**"^  ****''*' 
ibe  h.de  b«iiig  forced  into  the  nut,  ibercbv  folidify-  >«oring  I,ti0a  Vmn  of  co»l. 
ing  the  metal;  the  eertointy  with  which  the  bote  ia 
made  exactly  ccnirnl,  as  wvll  aji  tnuoolh  and  true 
thfowgbout ;  the  regularity  ^nd  quiility  of  theasglei; 
fompt«to  uniformity  of  atici  mul  rapidity  of  prodiie- 
liou.  Fifty  to  eighty  nut<  eao  be  produced  per  min* 
nte.  Boit!t  are  produced  by  other  tuaebia«fl  at  a 
tingle  blow. 


NOVEL  IJSK  OP  THE  CAMERA  OBaCURA. — Sotne 
offlccrt  of  enginoera  have  jujit  buen  making  expc- 
rimetiu  at  Antwerp  as  to  the  moana  of  defending  tho 
p«a$c«  of  the  Scheldt  by  a  fyfttein  of  torpedoea  placed  -     t        %  i   #>         -    -  ..    ^ 


WORKS  FOR  UXLOADtNO    CoAL    AT    NlW  Hi* 
TBS, — JUwkipN,  Hcrthe)  and  HnrniM  nf  9priii|- 
fieldi  Ma*«.,  have  a  COD  tract,  antiH  Utf 

$liO,000,  for  bnilditrg  a  new  cosil  Ml  :  iti 

and  New  Haven  rAilrowd  nt  New  iJ.,.  <^f* 

tion  with  the  wharf,  whtoh  is  lu  be 


TnK    BosTOif     Elevator,     btiildin^    hj  tbt 
Bohh         " 


on  and  Albany  Railroad  Co.,  is  e^tbiLtafiUd 

of  brick  and  wood;  it  ia  70  feet  bigh.  Thf  nf^t 
atory  will  ei»ntftin  82  bine;  (be  total  t : ^  I  bt 

25UjiO0    btiHbelM.     It    it   ttated   that  ta 

emptied  in  ten  luinatci,  and  that  the  c..-.  .  „..  .^uag 
and  storing  wilt  be  one  cent  per  bushel  lor  tlui  tnl 
five  days,  and  atorage  extra  after  that  tiui«. 


B 


LASxrxti   Ghanitk. — In   one  of   ihp 
qtmrrica,  near    Penryti,  a  larg«  mav*   ul 


Ibe  uae  of  a  camera  obsoura.  Tbo  instrument  is  fixed 
at  a  certain  point,  and  whenever  a  ship  passes  ore? 
it.  its  image  la  reDeoted  on  the  mirror  at  the  camera. 
Wbcu  the  image  arrivea  at  acortoin  dclcrmtncd  point, 
ib«  eclectric  current  la  applied,  and  tho  ci plosion 
lakes  pliice  immediately.  The  mines  are  numbered, 
and  ea^h  ba4  a  corresponding  mark  in  ibe  chamber. 
The  method  of  observation  i»»iniplennd  sure,  and  waa 
adapted  for  the  defcnee  of  Venice  in  the  Ute  Itulian 
war.  The  trials  au'^cceded  perfectly,  and  are  aoon 
to  be  repeated  on  a  larger  aoale. 

TwR.VTr-Poim  PouKO  Boat. — Walter  Brown, 
the  ch&Ripion  oarsinao,  bus  lately  built  a  single 
tcuU  outrigger  fhell  of  Spanish  cedar,  30  feet  seven 
inoh^«  li'Ug.  twelve  inehep  wide,  and  six  nnd  three* 
•igbths  inches  deep  amidships;  four  feet  and  eleven 
inoben  wide  across  the  rowlocks,  eight  tnchei  deep 
aft|  and  fotir  and  a  half  ineheri  forward;  weight  34 
ponndr.  She  is  nearly  finif^hed  now,  and  weigh*  only 
eighteen  pounds.  He  is  building  another  boat  of  the 
same  siie,  which  will  weigh  only  lyneteen  poundf. 
The  lightest  Ito&t  heretofore  built,  of  the  same  site, 
was  that  in  whtoh  Brown  rowed  at  Pittsburg  last 
S«>ptemV>er.  This  waa  made  of  paper,  and  weighed 
27  j  prmuls. 

QrriKws  vs.  Paddlb. — Tho  Cunard  paddle 
O  ateamer  Persia  baa  been  turned  into  a  sailing  vcs- 
Bel  with  auxiliary  *orew,  The  Cunard  paddle  ttoamer 
geotia  ii  to  be  eonrarted  into  a  screw. 


1 


inches,  bj  50  lb.  of  blafting  pow  l«r^  «'nf,ft«c4  Is  ft 
hole  12  ft.  deep  and  6^  ia,  in  dii«  '    r«d  (a  ihi 

rock.     The  stone  meuorea.  at  l>  by  49  fl* 

by  12  ft.,  which  equali  l!»,2Q0   r 
tons. 

TnK  M  Kite  a  NT  ILK  LtBRAHT  of  New  Yorkj 
now  ItiO^OOO  volumes,  embracing  the  baii 
on  every  tonic.  Popular  work*  am  largfety  *l«^ 
ted,  nnd  about  10,OUO  volu  e«  are  added  yaal^* 
Tbo  reading^riiom  ii  large,  well-warmwdi,  well* 
lighted^  and  snpplied  with  o,000  b'^oki  of  refer««e», 
and  over  400  periodicals,  foreign  and  duiueati*, 

ELECTRIC  Clocks. — Kennedy's,  cxhilHCed  la 
Now  York,  are  driven  by  the  eurrunt,  uf  nn  «anb 
battery,  and  require  no  winding  up.  All  tb«  elaebj 
in  a  bouie  or  locality,  or  oo  a  line  of  rail  way «  ■»Jt 
it  ti  alleged*  be  drtven  by  the  tame  battery^  aad 
keep  the  aame  time,  tick  fur  tick. 

^TEAMSBip  Construction. — The  promised 

O  tide  treating  tbb  subject  gentrailv 
crowded  out  by  two  artielea  referring  t-  the  naarlat 
engine  particularly — the  Uercnlcs,  and  Mortoa't 
Condenser — but  will  appear  io  oar  next  number. 

Tnv,  P.  AND  0,  Flkkt.— Thf  tied 

bj  the  Peninsular  and  Ori)  r  la- 

prices  a  total  of  48  ocenn-going  .'..--v^-,  .,..,,..^  am 
aggregate  tonoage  qC  85^032  lOQS  and  ltf,ft3v»  bocw 
power. 
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FRENCH  NAVAL  ENGINES. 

CmiTICISXS  AND  ANSWERS — LIGHT  MA- 
BINE  ENGINES — HISTORY  OF  HIGH  EX- 
PANSION  NORMAND's  SYSTEM. 

TnBtUt€d  from  <<AniiftlM  da  Qonie  Civil." 

Id  our  last  number  we  published  the  sharp 
eriticisms  of  **  Engineering "  on  our  navy. 
M.  Belleville,  in  a  discusHion  of  a  memoir 
of  X.  Normand,  has  replied  to  these  criti- 
cisms which,  under  the  influence  of  a  patri- 
otic anxiety,  have  been  much  exaggerated ; 
and  our  readers  will  sec  that  if,  as  MM.  Mal- 
let and  Normand  have  shown,  we  can  im- 
prove vastly  in  the  engines  used  in  our  ships, 
we  have  long  been  in  advance  of  other  na- 
tions in  the  improvements  made  upon  hulls 
and  propellers.  MM.  Normand  and  Mallet 
intended  in  their  memoir  to  give  an  accurate 
rtmme  of  all  the  improvements  which  have 
been  made  in  marine  engines,  and  a  table 
showing  the  progress  made  at  the  principal 
centers  of  ship  building  in  the  Old  World 
and  the  New,  and  they  proposed  to  show  the 
arrangements  which  must  be  adopted  in  ma- 
rine machinery,  if  we  expect  to  get  rid  of  the 
errors  in  vogue  among  naval  engineers.  The 
problem  of  the  bent  system  of  marine  ma- 
chinery couiiists  entirely  in  the  determina- 
tion of  the  best  results  in  throe  classes  of 
economy.  We  give  them  in  the  order  of 
their  n^lative  importance  :  1st.  Economy  of 
weight.  2d.  Economy  of  fuel.  8d.  Econo- 
my in  expenses  of  capital,  in  repairs,  in  the 
pmonnel  and  accessory  expenses.  These 
^ari<nu  kinds  of  economy  are  not  inconsist- 
ent with  each  other. 

MM.  Mallet  and  Normand  have  summed 
up  io  four  graphic  tables  the  results  obtained 
by  experiment  from  more  than  one  hundred 
Vol.  I.— No.  4.-21. 


engines.  The  first  represents  the  weights 
of  the  machinery  complete  (engine,  boiler, 
water  and  propeller)  in  horse  powers  of  75 
kilogram  meters  measured  by  the  indicator 
on  the  pistons.  The  second  shows  the  actual 
development  of  power  measured  by  the  indi- 
cator per  nominal  horse  power.  The  third 
shows  the  consumption  of  fuel  per  indicated 
horse  power  of  75  kil.  met.  The  fourth 
shows  the  total  weight  of  the  entire  ma- 
chinery, with  fuel  enough  for  five  days' 
steaming  with  maximum  power.  Each  of 
these  tables  will  show  at  a  glance  the  great 
difference  in  the  results  given  by  the  various 
systems  which  are  or  which  have  been  in 
use.  We  may  thus  determine  the  disadvan- 
tageous position  occupied  by  the  French 
navy  with  respect  to  its  prime  movers.  This 
inferiority  has  been  general  for  a  quarter  of 
a  century,  and  is  continually  getting  worse. 
It  is  an  indisputable  fact  to-day  that  the 
English  vessels  recently  built  can  develop 
an  actual  power  nearly  double  that  of  the 
vessels  in  the  French  fleet.  The  develop- 
ment p^r  nominal  horse  power  which  in  the 
Imperial  marine  has  never  yet  reached  800  kil. 
met.,  is  rixed  for  the  new  English  vessels  at 
450  and  in  some  of  them  exceeds  500  kil.  met. 
The  weight  of  engines  per  unit  of  actual 
power  is  the  most  important  question,  and 
it  is  upon  this  point  that  the  widest  differ- 
ences with  respect  to  economy  occur.  The 
total  weight  of  the  machinery,  including 
boilers,  may  be  resolved  into  its  elements. 
The  steam  generating  apparatus,  consisting 
of  elements  in  some  sort  alike  (grates,  flues 
or  boilers),  differ  only  in  the  number  of 
parts.  The  total  weight  of  boilers  and  water 
is  then,  for  each  system,  sensibly  propor- 
tional to  the  power  to  be  developed.    In  the 
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engine  proper  the  case  is  different — for  the 
same  sjstem  the  weight  varies  in  a  higher 
ratio  than  the  power.  Notwithstanding  the 
many  modifications  introduced  into  the  con- 
struction of  engines  and  boilers,  the  ratio 
between  the  fraction  of  weight  which  is 
always  constant,  and  the  fraction  which 
Tarics  with  the  velocity  of  the  engine,  is  not 
sensibly  changed.  In  taking  for  a  unit  of 
weight  the  weight  due  to  a  velocity  of  one 
revolution  per  second,  we  may  express  the 
relation  for  all  other  velocities  by  the 
formula — 


P  = 


2       i      1 


The  following  figures  indicate  the  total 
weights  per  indicated  horse  power,  corrcs- 1 
ponding  to  each  of  the  great  classes  of  ma- 1 
riue  engines : 


00 
SSOkg.     440  kgr.     330  kgr. 


No.  of  rcTolotiotif  per 

minute 15  20  30 

Old  beam  eiiginea  with 

fine  boiler* 600  kg. 

Direct   acting    enginea 

wall  tubular  boilers.    490  350  2K) 

Saute  engine  ol'  John 

Peiut*  sy«teni 300  250  200 

Limits   of  the   lightest 

engiue«  of  the  present 

day  240  900  160 


210 
150 


190 


These  figures  show  the  vast  progress  made 
fluring  the  last  25  years  in  reducing  the 
weight  of  machinery.  Between  the  first 
Cuuard  packets  and  the  present  transatlan- 
tic propellers  the  weight  has  undergone  a 
reduction  from  660  kil.  down  to  180.  This 
reduction  is  the  result  of  three  forms  of  pro- 
gress :  1st.  The  substitution  of  tubular  for 
flue  boilers.  2d.  The  substitution  of  direct 
acting  engines  for  more  complicated  ones. 
8d.  The  greater  rapidity  of  revolution,  due 
partially  to  increase  in  the  velocity  of  the 
vessels,  but  especially  to  the  substitution  of 
the  propeller  for  the  paddle.  Beside  those 
considerations  belonging  to  the  degree  of 
excellence  in  the  construction,  such  as  the 
forms  and  proportions  of  the  various  parts, 
the  use  of  stronger  materials  which  will 
allow  a  diminished  thickness,  the  weight  per 
uuit  of  power  developed,  &c.,  the  ultimate 
economy  is  largely  dependent  upon  the  func- 
tional action  of  the  steam  upon  the  engine. 
The  conditions  of  lightness  are  much  im- 
proved in  large  engines  by  a  more  advanta- 
geous use  of  the  steam,  and  by  the  better 
draft  obtained  by  high  chimneys,  which  can 
be  employed  only  on  large  vessels. 

Altogether,  the  results  obtained  by  MM. 
Normand  and  Mallet  may  be  summed  up  as 
follows  : 

The  old  low-pressure  flue  boilers  weigh, 


on  an  average,  250  kil.  per  indicated  kone 
power,  and  20  kil.  per  kil.  of  stean  per 
hour.  In  the  greater  portion  of  the  boikn 
of  Imperial  type,  these  values  are  redvod 
to  a  mean  of  at  least  140  and  13  re»pe^ 
tively.  In  English  machinery  these  weigkti 
are  only  110  and  10  kil.  retspcctively.  li 
the  boilers  of  the  Francis  I,  built  by  M.  B. 
Normand,  the  exclusively  cylindrical  form 
given  to  the  shells  and  grates,  together  witk 
the  substitution  of  steel  for  iron  plate,  hare 
reduced  the  weight  to  7  kil.  per  kil.  of  steui 
per  hour.  The  combination  of  these  steaa 
generators  with  the  economically  workinf 
engine  has  reduced  the  weight  per  indicated 
horse  power  to  50  kil. — an  economy  whiek 
has  never  before  been  reached  in  any  marine 
boiler. 

M.   Normand  then   proceeds  to  inqaire 
into    the    conditions    which    regulate   the 
weights  of  the  other  parts  of  marine  mi- 
chinery,  viz:   the  engine    proper  and  the 
propeller.     Nearly  every  part  has  at  least 
one  of  its  dimensions  determined  by  the 
intensity  of  the  effort  which  it  is  to  receive 
or  transmit ;  the  weight  of  every  mechamcal 
part  then  should  be  sensibly  proportional  to 
the  amount  of  work  developed   by  a  single 
revolution.    The  final  development  of  power 
as  related  to  the  time  bein^  proportional  to 
the  rapidity  of  revolution,  which  in  turn  ii 
governed  by  elements  dependent  upon  tko 
vessel,  the  correct  value  of  the  conditions  of 
liffhtness  will  be  furnished  by  an  exprcssioD 
which  MM.  Normand  and  Mallet  have  cm* 
ployed  for  the   first   time   (so  far  as  they 
know),  in  these  investigations.     It  consists 
in  approximating  the  weight  to  a  standard 
corresponding   to   a    uniform    velocity   (or 
speed),  the  weight  being  inversely  propor- 
tional to  the  power  due  to  two-thirds  the 
number  of  revolutions.  Two  tables  furnished 
by  MM.  Normand    and    Mallet   give   the 
economy  of  weights  in  paddle  and  screw  en- 
gines.    In  beam  engines  with  paddles,  the 
weight  is  1.5  kil.  per  kil.  met.  of  indicated 
work  per  revolution.  This  weight  is  between 
1  kil.   and  .80   kil.   in   a  majority  of  the 
modern  direct  acting  engines,  and  in  the 
lightest  on  the  Penn  plan  it  is  as  low  as  .60 
kil.     The  weight  per  indicated  horse  power 
shows  some  extreme   variations   in   conse- 
quence of  the  introduction  of  another  ele- 
ment of  inequality,  viz:  the  variable  rate 
of  the  engines.     The  weight  corresponding 
to  a  horse  power  of  75  kil.  met.,  which  in 
the  old  beam  engines  often  reached  350  to 
400  kil.,  does  not  exceed  in  ;he  motit  per- 
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feet  modem  engines  150  kil.  for  tiie  large 
ones,  nor  100  or  even  70  kil.  for  moderate 
riied  and  small  ones.  Screw  engines,  even 
the  more  recent  ones,  show  similar  diversity 
in  the  economy  of  weight.  The  graphic 
tables  alluded  to  show  clearly  the  errors 
and  mistakes  in  construction  already  pointed 
oat  by  M.  Normand.  The  engines  of  the 
Imperial  marine  are  classed  between  1.60 
and  1.20  kil.  per  kil.  met.  per  revolution, 
while  the  engines  of  Penn  and  Maudslay  do  I 
not  exeeed  .80  or  even  .70  kil.  For  weights 
per  indicated  horse  power,  almost  all  the  cn- 
gircs  of  the  Imperial  marine  arc  between 
150  and  110  kil.,  while  the  English  builders 
just  cited  do  not  exceed  for  the  largest  en- 
gines 70,  or  perhaps  even  60  kil.  John 
Fenn,  in  the  yacht  Le  Grille  (engine  of 
■mall  size  and  great  speed),  has  reduced  this 
weight  to  30  kil. 

But  the  question  of  economy  of  weight  in 
•team  engines  is  intimately  connected  with 
that  of  the  advantageous  use  of  steam  and 
consequent  economy  of  fuel.  The  once  ad- 
mitted laws  of  expansion  arc  acknowledged 
to  be  incorrect,  and  the  tables  of  cut-off  now 
in  use  stand  in  need  of  correction.  MM. 
Normand  and  Mallet  present  a  new  table  of 
eat-off  which  they  have  collated,  keeping  in 
view  the  three  following  classes  of  corrcc- 
tion:* :  1st.  For  the  reductions  of  tempera- 
tare  corresponding  to  varying  pressure.  2d. 
For  the  portion  of  steam  condensed,  which, 
with  the  reduced  temperature,  makes  up  the 
loss  of  heat  corresponding  to  the  work  done. 
3d.  For  the  resisting  pressure  of  the  con- 
denser. In  the  calculation  of  heat  consumed 
by  the  work  done,  each  unit  of  heat  (calorie) 
has  been  calculated  as  corrc!<ponding  to  400 
kil.  met.  The  back  pressure  of  the  con- 
denser, which  varies  from  three  to  six  per 
cent  of  the  boiler  pressure,  has  been  made 
equal  to  four  per  cent  of  the  initial  pressure. 
By  economy  of  agents  (organes)  the  authors 
mean  the  relation  existing  between  the  mean 
effort  of  the  whole  stroke  of  the  piston  and 
the  maximum  effort  under  initial  pressure. 
The  data  of  cut-off  have  been  made  to  cor- 
respond with  the  performance  of  a  majority 
of  marine  engines  with  an  admission  of  ^, 
and  not  with  an  admission  over  the  whole 
length  of  stroke.  Finally,  the  table  has 
been  calculated  for  an  initial  pressure  of  five 
atmospheres.  The  values  should  be  slightly 
increased  for  lower  pressures  and  diminished 
lor  higher. 

It  muift  be  inferred  from  these  tables  that 
all  engines  constructed  up  to  a  very  recent 


date,  however  different  in  plan,  show  no  dif- 
ferences in  the  economy  of  steam,  at  leatt 
as  to  the  maximum  useful  effect  obtainable 
from  it.  If  differences  occur,  they  are  the 
reverse  of  economy.  Notwithstanding  the 
marked  increase  in  the  tension  of  steam, 
which  in  the  last  20  years  has  been  raised 
from  1^  to  2.^,  or  even  3  atmospheres,  no 
economy  of  fuel  has  been  obtained.  On 
the  one  hand,  the  experiments  of  a  ^  expan- 
sion have  led  only  to  mistakes,  and  on  the 
other  the  increase  of  pressure  has  been  offset 
by  disadvantages  in  the  distribution  and 
condensation  of  the  steam.  These  disadvan- 
tages are  most  conspicuous  in  engines  at 
high  speed.  The  ordinary  marine  engine 
gives  an  indicated  horse  power  with  a  theo- 
retical expense  of  12  kil.  of  steam,  which 
represents  a  consumption  of  1|  to  2^  kil.  of 
coal. 

At  the  commencement  of  this  state  of 
affairs  it  was  conceded  that  the  expansion 
principle  offered  a  boundless  field  of  im- 
provement. Yet  it  was  thought  (and  per- 
haps not  wrongly)  that  it  would  be  well  to 
imitate  the  most  advanced  products  of  inge- 
nuity and  use  the  most  economical  kinds  of 
engine,  particularly  the  draining  engine  of 
( /ornonailles  and  the  Woolf  engines,  the  cost 
of  which  was  about  half  that  of  the  marine 
engine  of  that  day.  But  the  objections 
were  many.  One  of  these  types  was  heavy, 
cumbersome,  complicated ;  the  double  ex- 
pansion was  impracticable  on  the  water,  and 
the  pressure  must  not  exceed  a  defined 
limit.  Facts  have  demonstrated  that  an 
economically  working  engine  not  only  can 
be  built  within  the  conditions  of  weight  of 
engines  of  high  expansion,  but  that  a  more 
perfect  action  of  the  steam  may  be  a  source 
of  still  further  progress  in  the  economy  of 
weight. 

The  following  history  of  progressive  im- 
provements is  succinctly  given  by  MM.  Nor- 
mand k  Mallet. 

In  1856  Rowan  k  Horton  constructed 
marine  engines  on  the  Woolf  plan,  with  sur- 
face condcniiers,  and  working  at  a  pressure 
of  8  or  9  atmospheres,  which,  however,  was 
practically  found  to  bo  inconvenient.  Kan- 
dolph  k  Kider  endeavored  to  increase  the 
expansion  by  the  use  of  larger  cylinders 
instead  of  augmented  pressure.  They  suc- 
ceeded in  obtaining  good  results  with  ex- 
pansion under  a  pressure  not  exceeding  8  or 
perhaps  2.\  atmospheres.  In  1861,  Hum- 
phreys, following  the  same  path,  introduced 
engines  with  large  cylinders,  having  small 
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ono8  superposed.  The  Englisb  engine  build- 
ers all  agree  in  using  a  large  amount  of  ex- 
pansion with  surface  condensers,  steam  jack- 
ets and  superheating.  Lastly,  M.  Normand 
claims  to  be  the  representative  of  French 
ingenuity  in  this  struggle  for  maritime  pro* 
gross,  and  some  significant  facts  seem  to 
show  that  the  improvements  which  he  was 
the  first  to  elaborate  and  carry  forward  suc- 
cessfully cover  the  greater  part  of  the  prob- 
lem of  the  economical  marine  engine.  His 
attempts  go  back  as  far  as  1854.  The  main 
idea  in  the  Normand  system  consists  in 
dividing  the  total  expansion  between  two 
cylinders,  which  are  entirely  independent  of 
each  other  in  respect  tr>  their  movements, 
though  capable  of  attachment  to  the  same 
■haft  by  cranks  at  right  angles,  an  essential 
feature  in  the  marine  engine.  These  cylin- 
ders communicate  with  an  intermediate  res- 
ervoir, where  the  steam  escaping  from  the 
first  cylinder  is  relieved  of  the  condensation 
resulting  from  the  work  done,  and  receives 
a  certain  addition  of  heat  before  entering 
the  second  cylinder.  This  simple  plan  con- 
stitutes a  marine  engine  with  all  the  advan- 
tages of  a  double  expansion  and  without  any 
increase  in  the  number  of  parts.  It  can 
with  suitable  modification  be  applied  to  any 
existing  engine,  and  has  already  been  used 
in  small  vessels  of  high  speed.  With  respect 
to  economy  of  steam  its  superiority  is  very 
decided.  With  a  cut-off  at  ^,  the  econon.y 
is  .92  a<rainst  .52  in  ordinary  engines.  With 
a  cut-off  at  ^,  the  economy  is  still  .54 
against  .20.  The  average  admission  in  the 
two  cylinders  of  M.  Normand  was  in  the 
first  .65  and  in  the  second  .40. 

The  advantages  of  M.  Normand's  system 
were  officially  recognized  in  1860  by  a  com- 
mission appointed  by  the  minister  of  the 
iparine.     One   of  his   engines   was   placed 
upon  the  transport  Loiret,  of  the  Imperial 
navy.     It  had  the  double  expansion,  the  in- 
dependent movement  of  the  pistons,  with 
the  intermediate  reservoir   for   drying  and 
reheating  the  steam.     Subsequently  it  was 
put  into  a  number  of  frigates  with  950  nomi- 
nal horse  power,  and  into  four   corvettes, 
with  450  nominal  horse  power,  &c.,  &c.    He 
has  also  applied  his  system  to  some  fifty  en- 
gines, marine  and  stationary,  with  even  bet- 1 
ter  results  than  those  obtained  in  the  navy,  | 
though  the  principles  are  the  same.     It  was  I 
in  some  engines  built    in   the  government' 
dock  yards  that  he    obtained    the    highest  j 
Actual  power,  and  that  with  a  large  expan- 1 
on  and  no  increase  in  the  size  of  the  cylin- 1 


ders,  makinff  a  saving  of  500  indicated  hone 
power.  This  is  the  mean  deficiency  of  the 
armored  frigates,  and  it  serves  to  show  how 
erroneous  have  heretofore  been  the  princi- 
ples upon  which  their  engines  were  con- 
structed. 

W^ith  respect  to  economy  of  fuel,  results 
have  been  more  favorable.  The  consumih 
tion  has  been  reduced  to  1.44  kil.,  while  in 
the  engines  built  by  M.  Normand  hiuMlf 
this  consumption  is  still  less  by  one-fourth. 
We  give  below  the  relative  values  of  the 
cut-off  in  various  systems : 

Cvt^ff 
at—   SaTlsg. 

Old  marine  engines     .     •     .  y  1. 

Dupuy  de  Lome     ....  {  1.80 

Normand f  1.60 

Humphreys        ^  1.74 

Howun  &  Horton    ....  \  1.84 

Randolph  &  Elder      ...  ^  1.90 

If  it  is  desired  to  obtain  the  greatest 
lightness  of  engine  with  the  greatest  econo- 
my of  fuel,  the  cut-off  should  be  varied 
according  to  the  distance  to  be  run.  M. 
Normand  gives  the  following  table : 

1  day,  I  ate  of  expansion,  4  or    5  volumes. 

5    *'  '*  '*  5  or    6        " 

10    "  **  "  6  or    7        " 

15    "  "  "  7  or    8        «* 

2Q    **  **  "  8  or  10 

In  view  of  the  faulty  imitations  of  his 
work,  M.  Normand  finds  great  pleasure  in 
presenting  the  results  of  an  engine  put  into 
the  Francis  I — a  passenger  vessel  running 
between  Havre  and  Trouville,  or  Honfleur. 
The  nominal  power  is  100  and  the  devel- 
oped power  550 ;  consumption  of  fuel  per 
indicated  horse  power,  1.10  kil.;  speed,  26 
kilometers;  boiler  pressure  (le  timbre  ia 
chaudii''(s)t  4  atmospheres.  Total  weight 
of  machinery,  including  11,000  kil.  of  water, 
56.500  kil. 

The  Normand  system  has  just  been 
adopted  by  the  General  Transatlantic  Com- 
pany for  their  packets  of  450  horse  power, 
which  are  to  be  built  for  their  new  Pacific 
line. 

As  a  supplement  to  the  communication  of 
M.  Normand,  and  his  obser^'ations  on  the 
law  of  the  pressure  of  expanding  steam,  M. 
Duprez  has  published  the  results  of  some 
calculations  relative  to  the  work  of  1  kilo- 
gramme of  steam  in  high  pressure  engines 
without  condensers,  and  where  the  expansion 
is  carried  on  until  the  tension  becomes  equal 
to  1  atmosphere.     The  following   are  the 
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'  ratios  of  heat  atilixed  to  heat  ez- 


Mtar*  im  ataot- 

8  10  IJ 

0.1501    0.1033    0.1771 

16  iDcrease  of  useful  effect  would  be 
snt  if  the  pressure  were  carried  to 
spheres  instead  of  8 ;  in  other  words 
le  working  at  8  atmospheres  and 
ig  100  kiL  of  coal  would  consume 
7  at  a  pressure  of  12  atmospheres, 
expansion  to  a  pressure  of  1  atmo- 
The  advantage  would  be  still 
f  the  final  pressure  were  as  low  as 
larinc  engines.  These  results  are 
lance  with  the  method  laid  down  in 
:  of  M.  Combes  on  the  mechanical 
f  heat,  but  it  assumes  that  there  is 
>f  heat  by  conduction  and  radiation, 
elleville,  who  has  been  connected 
I  Imperial  marine  since  1853,  has 
meantime  some  accounts  which  he 

0  not  harmonixe  altogether  with  the 
'  MM.  Normand  k  Mallett.  The 
a  war  vessel  does  not  depend  solely 
e  greater  or  less  effective  force  of 
aes  as  compared  with  their  nominal 
or  yet  upon  the  diminished  weight 
inery,  but  as  well  upon  the  economy 
r,  speed  obtained,  facility  of  evoiu- 
lources  of  battery — in  short,  upon 
r  determines  fighting  qualities  and 
lincss.  In  1850  no  navy  in  the 
id  steam  vessels  capable  of  compe* 
b  the  old  sailing  craft.  England  had 
four  steamers  used  as  a  coastguard, 
ight  sail,  with  steam  alone,  7  knots. 
juncture  was  launched  at  Tqulon  the 
.mer  which  was  to  solve  the  vexed 
of  great  speed  united  to  all  of  the 
ities  possessed  by  the  better  class  of 
ressels.  The  Napoleon,  a  product 
*  French  naval  cuf^iiicering,  and  fur- 
ith  an  engine  of  900  horse  power 
),  the  largest  then  in  exi:4tencc,  has 

all  expectations.  This  purely 
achievement  served  as  the  type  for 
tion  of  new  fleets,  both  in  France 
!where,  and  the  Napoleon  is  still 
ed    one    of  the    best    wooden   war 

1  afloat.  Her  excellent  results  have 
lieved  not  only  in  experiments  but 
.  service.  During  the  Crimean  war, 
J  French  squadron  were  ordered  to 

Dardanelles,  the  Napoleon,  having 
the  three-decker  Ville  de  Paris, 
shed  it  easily  in  the  fi^ce  of  a  pow- 
d  wind  whioh  compelled  the  English 


fleet  to  anchor  and  wait  a  whole  week  for 
favorable  weather.  After  the  launch  of  the 
Napoleon,  England  put  the  Agamemnon 
upon  the  stocks — a  vessel  of  the  Napoleon 
type,  of  almost  identical  dimensions,  and 
differing  only  in  a  little  lighter  draught. 
The  Napoleon  had  2.602  indicated  horse 
power,  the  Agamemnon  2.206 ;  the  speed  of 
the  former  is  13  knots,  of  the  latter  10  knots. 
The  co-efiicients  of  useful  effect  are  re* 
spectively  2.125  and  1.86.  In  France  all 
vessels  put  upon  the  stocks  by  the  Imperial 
marine  were  built  upon  the  plan  of  the  Na- 
poleon. In  England  the  same  sort  of  idea 
was  followed,  with  some  variations.  The 
experimental  vessels  Algesiras  and  Marl- 
borough offered  a  further  comparison : 

UMfal 
Ind.  H.P.    SpMd.    effeot. 

Algesiras 2,096        13.37        S.3M 

Marlboroagh 2,718        11.6  1.80 

With  one-half  fires  the  Algesiras  gave 
1.742  horse  power  and  11.66  knots,  with  a 
coefficient  of  useful  effect  2.806. 

In  1856  the  French  naval  engineers  built 
the. armored  frigate  La  Gloire — an  under- 
taking ridiculed  by  English  engineers  and 
scribblers.  Their  criticisms  also  became 
known  in  France.  But  the  results  have 
vindicated  the  promoters  of  this  bold  pro- 
ject. The  plated  floating  batteries  which 
had  been  built  in  France  and  England  after 
the  Crimean  war  were  merely  floating  forts, 
while  armored  vessels  having  the  sea  going 
qualities  of  wooden  ones  were  then  alto- 
gether unknown.  In  this  matter  England 
followed  the  example  we  set  her,  and  started 
the  construction  of  a  fleet  upon  our  new 
ideas. 

M.  Belleville  has  acquainted  us  with  the 
composition  of  the  two  fleets,  showing  for 
each  vessel  the  power,  speed  and  coefficient 
of  useful  effect,  and  from  his  tables  he  de- 
rives the  following  mean  results  for  armored 
vessels : 

Cocff.  of 
Speed,  knots.    Ufofal  effect. 

13.718  2.176 

13.939  1.878 


French 

English 

On  the  whole  France  has  led  the  march  of 
improvement  for  the  last  15  years.     Succes- 
sive engines  have  been  perfected  in  the  Im- 
perial works  in  which  the  weight  has  been 
.  reduced  and  the   consumption  of  fuel  de- 
I  creased.     At  present  the  Woolf  engines  arc 
'  used,  and  the  consumption  of  fuel  has  been 
'  reduced  to  1.3  kil.  on  the  3Iagnanime,  and 
!  to  1.240  kil.  on  the  Jeanne  d*Are,  and  that 
I  without  surface  condensers.     M.  Belleville 
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18  coiifi<lent  thiit  all  the  new  engines  will  be 
provided  wtth  surface*  condensers,  zind  that 
before  long  stcnro  jit  high  pressure  will  also 
be  u»cd»  which  bus  not  yet  been  done  ex- 
cept upon  j^unbnatj*  and  similar  struoturcs. 
FinaHy»  M.  Bellville  believes  that  M,  Nor- 
nmtid'ii  figures  relating  to  the  indicated 
power  of  the  French  fleet  are  too  Bumll, 
while  those  reluting  to  consumption  and  to 
the  weights  are  too  large.  M.  Fkchat  re- 
marked that  M*  Belleville  did  not  answer 
directly  the  obj*ervationf  of  MM.  Normaud 
and  Mallet,  who  had  examiucd  exhaustively 
only  the  marine  engine, 

i'rogress  m  thi»  branch  of  science  has 
been  gradual.  First  canio  the  screw,  with 
engines  of  fiuick  stroke  and  consequently 
small  dimonsions  ;  then  steam  jackets,  super- 
heating, surface  condensation,  and  finally 
high  pressure  with  high  espam^ion.  The 
surface  coudenser  enables  the  boiler  to  be 
fed  with  distilled  water,  and  prevents  in- 
crustation, making  the  iron  plates  better 
conductors  of  heat  and  more  durable.  ThiB 
step  in  advance  wa:*  accomplished  in  Eng- 
land by  MM.  Randolph  and  Elder,  but  M. 
Normaud  had  urged  it  long  before,  and  has 
finally  established  it  in  Franco  in  the  face 
of  difficulties  which  the  Englishmen  did  not 
have  to  eucounter.  M.  Flaehat  reviews  the 
successive  transformations  of  marine  steam 
engine?,  and  nhows  that  the  Transatlantic 
Company,  whose  origin  docs  not  go  far  back, 
is  now  making  its  third  transfitrmation. 
After  nine  years'  service  the  Royal  Mail  b 
aUo,  after  a  most  varied  experience,  ex- 
changing  paddk^s  for  screws*  with  the  boilers 
of  Randolph  and  Elder.  The  history  of  the 
Imperial  Company,  of  the  Peninsula  and 
Oriental,  oi  the  Cunard — ^in  short,  of  all 
companies,  is  but  a  long  series  of  renova- 
tions and  progress.  This  summary  of  facts 
which  daily  modify  our  naval  material  shows 
the  technical  importance  of  the  f|ucstions 
to  which  MM.  Normand  and  Mallet  have 
drawn  the  attention  of  the  Society*  In 
England  progress  in  this  path  is  very  rapid, 
but  in  France  there  are  administrative  regu- 
lations apply in'^  to  the  marine  boiler  of  large 
diameter  and  high  pressure.  It  is  fortunate 
that  locomotive  engines  have  smoothed  the 
way  in  this  respect,  and  that  the  recent  pro- 
gress in  the  fabrication  of  plate  iron  came 
sea.ionably  to  aid   in   the   solution  of  this 

MM^  Korni«nd  and  Mallet  present  some 
remark^ j^  In  reply  to  the  strictures  of  MM, 
SMri^^l^  "^  Flacbat.     They  state  that  M. 


I  Belleville  »peaks  of  vetieels  in  their  nuemht*^ 
I  while  they  have  confined  their  invr**tijnitioM 
1  to  the  machinery.     They  u  m«  m* 

I  merieal  corrections  of  M.  J  ♦  la  lo 

i  the  power  of  engines,  but  insist  the  correct- 
ness of  the  sources  whence  they  dorii e  tbtir 
figures  should  be  admitted.  They  adhert 
to  what  they  have  said  as  to  th«  infcnonly 
of  Frencb  engines,  in  which  the  Uf^ful  efcrt 
reaches  but  two-thirds  or  perhapi*  only  ute- 
half  the  standard  of  the  English  marine. 


IMPROVED  Steam  Hammer, — The  en- 
graving shows  a  new  style  of  fifteen  t«n 
steam  hammer,  by  Messrs,  Thwaites  k  Cir* 
butt,  of  Bradford,  England. 


The  peculiarity  of  this  hammer 
in  joining  the  standards,  which  are  of 
best  patterns,  boring  them  out,  and  {ini 
in  a  round  core.     This  gives  i^reat  si 
and  stifl^ness,  besides  more  efficiently 

ing  the  hammer.     The  standards,  whir      

20  tons  in  weight,  are  20  ft.  apart,  and  gftre 
8  ft.  6  in*  headroom.  These  ore  bolted  In 
a  bed  plate  made  in  three  pieces,  and  are 
also  fastened  by  wedges  driven  between  the 
lugs,  which  are  cast  on  the  pUto»  A 
btibmcc  piston  valve  is  placed  in  the  saiDC 
casting  as  the  stop  valve,  so  ma  to  save  ib^ 
joints  of  a  separate  stop  valve.  The  miSTil 
weighs  120  tons,  and  is  placed  on  two  rowi 
of  18  in.  sq.  oak,  laid  in  a  etit  atone  fo«ii>dft- 
tion.  The  foundation  of  the  block  i«  kepi 
aa  separate  as  posaible  from  the  side* vail 
foundations  for  the  bed  plate  which  carried 
the  standard,  so  that  the  jerk  and  apfibg  of 
the  one  ia  not  oommunieated  to  the  oihcr« 
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TKD  RAILWAY  RUNXING  GEAR- 
LOOSE  WHEELS 

ng  tke  many  barbarisms  that  oharac- 
mr  railway  practice,  the  sliding  of 
i  wheels  in  a  train,  upon  every  curve 
ine,  by  reason  of  their  rigid  conncc- 
the  axle,  is  one  of  the  most  wasteful, 
;h  it  has  been  one  of  the  most  difficult 
come.  Lines  of  easy  curves  are  not 
ed  from  the  evils  resulting  from  the 

length  of  the  outer  rail.  It  is  not 
h  the  sliding  of  a  wheel  a  few  feet 
r  less,  after  it  is  started,  but  it  is  the 
I  of  the  slipping,  that  consumes 
ind  material,  and  brings  the  sudden 
lavy  torsional  strain  upon  the  axle. 
D  air  linc^,  the  difference  in  the  diam- 

wheels— often  amounting  to  \  inch 
revolution — keeps  the  axle  in  an  al- 
•rpctual  state  of  torsional  strain,  and 
the  tread  of  both  rail  and  wheel  by 
roken  series  of  little  scrapings,  from 
1  of  the  road  to  the  other.  But  the 
s  not  the  only  evil.  The  lurching 
ring  of  the  whole  running  gear  from 
ISC,  and  more  especially  the  twisting 
axle  bai^k  and  forth  at  every  curve, 
riously  weakening  an  iron  axle,  if  not 
vely  heavy,  require  a  degree  of  raass- 

and  non-payinf(  load  that  could  be 

reduced  by  making  the  wheels  inde- 
t.  Precisely  what  the  saving  in  fric- 
gbt  be,  it  is  impossible  to  state,  he- 
re have  no  prolonged  tests  of  a  thor- 

practicable  apparatus.  But  it  is 
ible  to  assume  that  with  the  present 
'.OS  the  friction  and  the  general  wear 
iT  of  running  gear,  and  the  extra  non- 
load  thereby  made  necessary,  add  at 
SO  per  cent  to  the  normal  power  rc- 
for  traction. 

y  devices  to  meet  this  difficulty  have 
ried,  and  many  more  have  been  in- 
The  most  obvious  direction  of  im- 
lent  is  in  using  a  nimple  loose  wheel. 
beel  has  been  cast  with  a  deep  hub, 
:o  give  a  long  bearing  on  the  shaft, 
ne  experimenters  have  even  gone  to 
uble  of  fitting  boxes  into  the  hub  to 
y  the  wear.  But  after  every  nicety 
ig  and  adjustment,  the  car  had  a  per- 
miform,  incurable,  and,  to  most  ex- 
nters,  inexplicable  tendency  to  run 
track ;  the  wheel  fastened  to  the  axle 
ways  crowding  the  rail.  This  ten- 
cannot  be  cured;  it  can  only  be 
1  by  abandoning  this  plan  altogether. 


A  simple  analysis  of  the  forces  will  make 
this  evident.  The  two  axle-boxes  and  the 
superincumbent  load  rest  upon  the  two  ends 
of  a  continuous  axle.  U^on  one  end  of  this 
axle  a  wheel  is  rigidly  fastened ;  upon  the 
other  end  there  is  a  loose  wheel.  In  the 
first  place  let  us  suppose  that  the  axle,  B  C 
in  the  diagram,  instead  of  being  free  to 
move  in  the  axle-boxes,  is  rigidly  held  by 
them^  so  that  it  cannot  turn.  A  power  is 
applied,  in  the  direction  A,  to  the  middle  of 
the  truck.     Since  the  wheel  C  cannot  turn, 


/ 


B 


T 

A 


0 


it  will  tend  to  slide,  and  thus  require  a 
great  exertion  of  power.  But  the  wheel  B 
can  turn,  and  the  end  B  of  the  axle,  and 
with  it  the  truck,  will  be  pulled  in  the  direc- 
tion of  the  arrow  B,  while  the  end  C  will 
stand  still.  It  is  a  simple  case  of  a  lever 
with  the  fulcrum  at  C  and  the  power  at  A. 
Now,  if  we  loosen  the  axle-boxes  a  little,  &• 
that  the  axle  will  just  be  able  to  turn  in 
them,  the  effect  will  be  the  same  in  kind» 
but  less  in  degree.  The  power  required  t<^ 
turn  the  axle  in  the  axle-boxes  is  still  s» 
much  in  excess  of  the  power  required  to  turn* 
the  loose  wheel  B  on  the  axle,  that  the  end* 
C  will  be  retarded  and  the  truck  will  run  off 
the  track.  Just  in  proportion  to  the  amount 
of  axle  friction,  will  this  be  the  tendency. 
The  forward  motion  of  one  side  of  the  truck, 
or  one  end  of  the  axle,  is  retarded  by  the 
friction  of  bath  journals. 

This  difficulty  may,  indeed,  be  avoided 
by  making  both  wheels  loose,  but  the  oosi 
and  weight  of  an  apparatus  which  should 
give  sufficiently  long  bearings,  for  safety  and 
stability,  would  be  considerable.  Another 
plan  is  the  division  of  the  axle  in  the  cen- 
ter. The  sleeve  joining  the  two  ends  must 
be  so  long  and  heavy,  and  the  fittings  and 
details  for  oiling,  adjustment,  etc.,  so  expens- 
ive, that  two  internal  journal-boxes,  on  a 
middle  beam  of  the  truck  frame  would  per- 
haps be  a  better  arrangement,  and  this  wuuld 
be  neither  cheap  nor  light. 

The  difficulties  wo  have  mentioned  have: 
been,  we  think,  very  successfully  avoided  ioi 
the  axle  shown   in  the  engraving.*     It   ia 


*  Patented  by  D.  M.  tnd  A.  O.  Camminff.     P)ro> 
prietorsj  Cumaings,  Wells  A  Qodtny,  Enlleld,  K.  B. 
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simply  a  solid  iron  or  steel  axle« 
made  BtHjiUer  at  one  end  to  recelvo 
a  loose  steel  sleeve,  apon  wliicb  tbc 
wheel  IB  fastened,  and  upon  wlneh 
abo  ibe  journal-box  reata.  Tbc  op- 
,  |>osite  wheel  in  made  fast  to  the  axle 
'  lU  the  usual  manner.  Tbe  i«leevc  Is 
24  in,  long,  bored  at  tbe  ends  to  fit 
the  axle,  but  counter-bored  slightly 
in  the  middle  to  give  eiligbt  fiexi- 
biUty,  The  email  end  of  tbe  axle  i> 
Ij  in,  diameter;  the  large  end  of 
the  taper  is  3J  in  diameter.  At  tbij? 
point  there  ii§  a  6  in.  fast  collar » from 
which  the  axle  tapers  the  other  way 
towards  its  center.  The  steel 
sleeve  18  held  against  tbe  collar  by 
a  loose  collar  B,  eight  inches  Imig, 
which  is  screwed  upon  ibe  end  of 
the  st^el  sleeve,  Tho  axle  is  of  the 
full*  siie,  where  tbi«  loose  collar 
conies»  80  that  the  strength  Is  not  de* 
pendent  upon  the  latttrr.  Tbe  coUiir, 
however^  increases  tbe  length  of  the  bearing 
of  the  steel  sleeve  upon  tbe  axle  to  3U  in.  The 
loose  collar  is  kept  from  unscrewing  by  the 
three  set  screws  C  (shown  in  plan  in  the 
upper  figure),  and  these  set  screws  are  kept 
from  unscrewing,  by  a  washer  JJ  fitting  into 
tbe  recessed  boss  c  of  I  be  loose  collar  B. 
By  slightly  riveting  the  oppos^ite  corners  of 
the  set  screw  over  the  washer,  the  latter  is 
kept  in  place.  Should  tlio  bearing  between 
the  axle  and  tbc  steel  collar  wear,  tbe  lost 
motion  may  be  taken  up  by  withdrawing  the 
Bet  screws,  facing  off  the  end  of  the  atoel 
sleeve,  and  screwing  up  tbe  loose  collar 
Oil  from  the  axle-box  will  bo  constantly 
thrown,  by  centrifugal  ff>roe,  up  tbe  inclined 
portion  of  the  axle*  ^o  as  to  keep  all  these 
jiarts  lubricated.  The  oil  may  be  prevented 
from  escaping,  and  dust  from  entering,  at 
H,  by  means  of  a  hydraulic  packing  leather 
and  plate  G,  F.  riie  details  have  been 
very  thoroughly  worked  out  by  a  skrllful 
mechanic. 

It  will  be  observed  that  tbe  strength  of 
the  axle  is  not  impaired.  Although  the  in- 
tcrual  axle  is  small,  the  external  steel  sleeve 
liringfi  the  whole  structure  up  to  full  size. 
Experiments  upon  hollow  axles  show  that 
the  bleeve  would  be  nearly  or  quite  as  strong 
bored  out  as  if  solid,  The  ad  iitional  weight 
is  chiefly  that  of  the  loose  collar  B. 

We  learn  that  several  sets  of  these  axles 
are  bciog  fitted  up  for  trial  on  the  Pennsyl- 
yania  and  other  roads. 


STEAMSHIP  PERFOBMANrE-TDE 
KiEMG  WILIIKIX 

In  a  previous  number*  we  gar*  iIjp  dw- 

ticulars  and  performances  of  one  of  Mr. 
Keed*s  new  iron-clads — the  Hercuks.  The 
remarkable  results  of  Messrs.  Penu*i  en- 
gines, in  this  vessel,  have  been  largidy  tH*?a- 
meuted  upon  in  tho  technical  prens,  Wi 
now  c^uote  from  "  Engineering  *'  «Mm*»  pa^ 
ticnlars  of  another  of  Mr.  Reci'  ^^ 

the  Koenig  Wilhclm,  a  new   1%  :  ja* 

clad — and  the  results  of  the  engmt^s  of 
Messrs.  Maud  slay.  Sons  and  Fteld,  t»iiUden 
of  equal  renown. 

This  vessel  is  372  ft,  4  in.  long  orcrarf, 
and  355  ft.  10  in.  between  perpendicular*, 
with  00  ft.  beam ;  being  30  It.  lU  in.  Umm 
and  1  ft.  broader  than  tbe  Hert;utos,  whtli 
her  tonnage  is  5,038j|  tons,  being  n<iarlj 
705  tons  in  excess  of  that  of  the  last  named 
vessel.  She  is  provided  with  an  arm o rod 
battery  coinmencing  42  ft.  aft  of  the  fore 
perpendieular  and  extending  fur  a  length  nf 
li3*2  ft.  on  the  nittiu  deck,  this  battery  being 
protected  at  the  sides  with  8  in.  armor 
plates,  and  at  tbc  ends  by  platijs  ti  in*  and 
5.|  in.  thick.  Besides  this  main  battery 
there  is  an  after  battery  protected  with  ? 
in.  plates,  and  having  a  port  puiuiing  di^ 
rectly  astern ;  and  also  armor  plAt4}d  bulk- 
heads on  the  upper  deck.  At  the  wat^liiM 
the  Ktcnig  Wilhelm  is  protected  b^'  a  htii 


•  Tan  Noalt«ad'i  Mi^min«^  Vol*  I,  H«.  3,  f »  Sli. 
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plating  of  which  the  lower  edge  is 
3.  below  the  water  line  atniilbhips 
ittle   less  forward,  whilst  under  the 

it  rises  considerably.  The  lower 
f  this  belt  is  composed  of  plates  7 
c  amidships  and  tapering  to  5  in. 

the  extremities,  while  the  remain- 
>ist8  of  plates  8  in.  thick  amidships, 
;  to  6  in.  fore  and  aft.  From  the 
ars  we  have  just  given  it  will  be  seen 

0  Kccnifi;  Wilhelm  is  less  heavily 
kt  the  water  line  than  the  Hercules, 
rer  the  upper  part  or  battery  the  ar* 
ilightlj  heavier  than  that  ot  the  lat- 
cl.  The  port  sills  of  the  Kocnig  Wii- 
e  10  ft.  above  the  water  line  amid- 
rhile  those  of  the  Ilorcules  arc  11 

1  there  can  be  no  doubt  that  the  ad- 
frce  board  possessed  by  the  latter 

rould  prove  of  great  advantage  to  her 
ivcnt  of  an  action  in  rough  water. 
Kconig  WiUielm  is  fitted  with  a  set 
tK'ylindor  engines,  by  Messrs.  Mauds- 
[18  and  Field,  and  we  think  that  the 
lancc  of  these  engines  during  the  re- 
al must  have  given  unqualified  satis- 
to  their  makers  and  to  all  concurncd. 
linders  are  95  in.  in  diameter,  with 
in.  stroke,  and  during  the  trial  they 
m  at  a  mean  speed  of  64  revolutions, 
naxiuium  speed  of  65.838  revolutions 
lute,  corresponding  to  piston  speeds 

ft.  and  5?<S.117  ft.  por  minute  re- 
ely.  The  engines  are  fitted  with  sur- 
nden^ers,  exposing  17,*2r)0  square  feet 
tee ;  and  steam  is  supplied  by  eight 
,  having  22,600  square  feet  of  heating 
',  and  a  fire-grate  area  of  81H)  square 
Although  rated  at  but  1,150  nominal 
power,  the  engines  developed  during 
al  a  mean  indicated  power  of  8,845 
,  whilst  during  the  running  of  the 
nilc  the  indicated  power  reached  no 
an  J<,668.8>y  horse  power,  the  highest 
so  far  as  we  arc  aware,  ever  ohtained 
pboard  with  any  engines,  or  under  any 
istanees;  and  one  nn  whieh  wc  think 
I.  Maud^lay  may  fairly  be   eongratu- 

\Wi  give,  on  another  page  of  the 
t  numlxT,  engravings  of  the  indicator 
ois  taken  during  the  sixth  run,  when 
jve  power  was  developed,  and  to  these 
e  particulars  which  aeeonipany  them 
*r  for  more  detailed  information  con- 
r  the  performance. 

re  have  already  instituted  a  general 
'i^on  between  the  Kocnig  Wilhelm  and 
ircules,  it  may  be  interesting  that  we 


should  similarly  compare  the  engines  of  the 
two  vessels,  constructed  as  they  have  been 
by  our  two  leading  firms  of  marine  engine 
builders.  The  principal  results  obtained 
during  the  respective  trials  were  as  follows : 

IlerealcA,    Kicnig  Willielm, 

eugiiied  by  tnnriiieU  by 

reiui.  Maiid«lay. 

RevolotioiM  per  min ,  max 7:1  05.333 

"  "  muiiii 71^1  G4 

l*istonipeed  in  feet  per  miii .  max.,  048  S^i*.!!? 

**  *'  mean,  9\:i.59  570 

Meanpreasare  of  steam  in  b<iiler«,  dl).5  lb.  M^  lb. 

"  cylindera,  ai.O  lb.  W.483  !b. 

Avern; e  vacuum* 27.(i^  In  27.^75  iii 

iNiiminal  horve  ptiwer I'JUU  il.P.  1I5UJI.P. 

Meuii  indicated  horse  power bSrJS15  H.P.  S345  II. 1*. 

Maximum ?  HJ03  SbUU-P. 

>iumb«*r  of  timeit  the  mcuii  iiidi- 
ruted  exceeds  ihe  nominal  hitrse 
power 7.100  7.350 

The  proportions  of  heating  and  condens- 
ing surface  and  fire-grate  area  to  the  power 
developed  in  the  two  sets  of  engines  are  as 
follows : 

Square  feet  per  mean  in- 
dicated liurte  power. 
Kccnif 
Herenlei.    Wilbelia. 

S.7  2.» 

0.104  0.108 

2.43  2.0O7 


Ileating  surface 

Fire-grate  area 

Oondensing  surfaoe 

The  draught  of  the  Koenig  Wilhelm,  on 
the  occasion  of  her  trial,  was  24  ft.  4^  in. 
forward  and  20  ft.  4^  in.  aft,  while  her  dis* 
placement  wus  9,542  tons,  or  8G2  tons  more 
than  that  of  the  Hercules  during  the  corres- 
ponding trial.  The  area  of  immersed  mid- 
ship section,  on  the  other  hand,  was  1.306 
square  feet,  or  9  square  feet  less  than  that 
of  the  Hercules.  For  the  particulars  of  the 
speed  attained  during  the  difi'ercnt  runs,  we 
must  refer  to  page  135  of  the  present  num- 
ber, where  these  details  are  given,  and  we 
need  only  state  here  that  the  true  mean 
speed,  as  determined  by  the  *'mean  of 
means,"  was  14.499  knots  against  the  speed 
of  14.691  knots  attained  by  the  Hercules. 
The  coeflieients  given  by  the  respeetive  full 
power  trials  of  the  two  vessels  arc  as  follows: 

Kivnig 
Iloroules.     Wilhelm. 

^'''"lmMU> '^-''■-   •'*"'  ^'' 

S,K....l'X.liKi),' ^57  ^,.^3 

lixl.  11. F. 

It  is,  wc  think,  unnecessary  that  we  should 
comment  upon  the  facts  we  have  laid  before 
our  readers,  as  the  remarks  which  we  have 
on  previous  occasions  made  concerning  the 


•  The  weather  barom^iter  stood  at  30.2  in.  on  the 
occasion  of  Ihe  trial  of  the  Uercnles,  and  80.4  in.  on 
that  of  the  Kwnig  Wilhelm. 
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Hercules  will  apply  almost  equally  well  to 
the  KoQuIg  WilWhn.  This  being  the  case, 
WQ  iieed  only  way  that  wo  consider  that  to 
Mr.  Kuca  h  due  the  cretlit  of  having  pro- 
duced in  these  vosaelrt  the  two  finest  iron- 
cladif  a0oat;  and  while  we  eaunot  hut  con- 
gratulate the  Prus^^iaoH  on  the  pos.HesHion  of 
the  Keonig  Wilhelm,  we  still  more  con^ratu- 
Ute  ouriielves  on  the  possession,  in  the  Iler- 
cules^  of  a  vessel  which  wc  believe  to  be,  in 
many  respects,  her  decided  superior. 


NEW  ENGLISH  LOGOMOTIVE& 

In  reviewing  the  late  locomotive  practice 
in  England,  **Tb3  Engineer*'  says  that  little 
or  uothing^has  been  done  that  was  not  done 
before.  The  relative  merits  of  inside  and 
outride  cylinders  remain  in  dispute.  On 
the  Great  Eastern  system,  where  Mr*  Sin- 
clair employed  outside  cylinders  solely,  Mn 
Johntioti,  his  successor »  is  building  nothing 
but  inside  eylinders,  while  Mr.  Adams,  of 
the  North  London  Railway,  who  huilt  only 
inside  cylinder  engines,  ia  now  using  outside 
cylinders.  We  nu^ntion  these  facts  simply 
to  illustrate  the  diversity  of  opinion  which 
exists  alt  over  the  kingdom  on  this  point. 
Bo  long  as  cylinders  can  be  kept  down  to  a 
diameter  of  about  IG  in*  the  advantage 
icems  to  be  with  the  inside  typo*  The  4  ft. 
8 J  in*  guage  is  too  narrow  for  cylinders  of 
larger  diameter,  unless  the  valve  boi:es  are 
pushed  out  of  their  legitimate  place,  or  the 
Talves  are  left  unbalanced. 

The  following  are  the  particulars  of  some 
new  standard  enginci^ : 

FOUR   WIIEKL    COUPLED   LOCOMOTFVEp 

butU  for  the  Great  Southern  and  Western 
Bail  way  of  Ireland  at  the  Company's  works 
ml  Inchieore,  Dublin,  from  the  designs  of 
Mr.  A.  >rDimneH,  the  locomotive  finperia- 
tcndent  of  the  line.  This  engine,  although 
possessing  no  striking  peculiarities,  is  yet 
well  worthy  of  attention  a^  a  good  e^Eauiple 
of  a  passenger  locomotive  for  the  5  ft.  3  in. 
gauge.  The  engine  U  simple  in  et^nstrue- 
tion,  and  ample  bearing  surfaces  are  pro- 
vided for  all  working  parts;  whilst  advan- 
tage has  been  taken  of  the  width  of  the 
gauge  to  obtain  a  good  large  fire-box*  The 
guide-bars,  piston-rods,  axles,  axle-box 
guides  and  axle-boxes  are  of  steel.  The 
principal  diEuensions  of  the  engiue  are  as 
follows  : 

Boiler*  fr.  in, 

Diamoter  of  Uru-rei  ituide  anuUest  plate  * . . .     4    0 
Lt^ugth  of  barrel ....*.«.,.*     9    7 


length  of  fire-box  cnitng  **,«.*«»,.....«.  & 

Leiiglli  of  inside  dre-box  at  bottom* ......  4 

Width  of  ijiside  nre-bt^x  at  bottoDH I 

Height  of  inside  flre-bux  U  frwit A 

Jk'ight  of  inside  fire-box  at  bacfe« .... 4 

(All  diincnsiuDs  uf  hmlde  lire-box  ar«  inside 

diiueiidunsO 
Thickness  of    barrel    and    flre-bos  ewii^ 

platKn 0 

Thickness  of  smoke-box  tube  plate  ,  p ,  0 

Nunilier  of  tnbeei » ..*.....  174 

l^ei^gtli  uf  tubcji  butwi^en  tube-ptatei  ......  t 

Ubmeler  uf  tubes  out  side  taLe-pLittig.  > ,  „.  0 


I 
§ 

n 


t 


Heaiing  SurfacM.  ti|.  ft 

Ttibes  (outside) • ^.f 

Fire-bux SiSJl 


Tot4il  . 


m.ii 


Fire-grute  area ,^^^     17i 

mcfir  mnd^xlet,  fi.  k. 

T)iameU»r  of  driving  wheel . ,  > .  ^ A  | 

OianictiT  of  traUiiig  wheel  .*...,«..*....,    i  I 

Oiujneter  of  lending  wheel  *...,, , 4  % 

UUl^iKii    betwi-eii  centers   of  leatlipg  iijd 

drivin}^  wheels , ^ , . .    7  I 

DistuniTu   betwceu  eeiiterii   of  driviug  and 

tru  ilhig  wheeb  .*****.*,.,,...,,*...*•    7  I 

Tutal  wheel  biise 14  t 

€  y  Under  t, 

Dunuelcr * . . .    1  4 

Stroke,... 1  1« 

liLHtancc  apart  fuvm  center  tu  center 3  H 

Dtstaucc  upart  uf  fniiuvs  ..,*..,,  h.  ...... .    4  T 

Wtight  of  Engine, 
Eniiity:  toiift.  cwt,qr, 

Ou  kaditig  wliects  ..*..,,..*,..,,       9        5  0 

Ou  driving  wheels  ,............,,     10        4  Q 

Uu  tmilizig  wheels >...>.       9      IT  0 


Total  , 


2U        6     0 


In  wcirking  order  :  Umi^  cwt.  <|r. 

On  leadiug  wheels  ..........  i* ... .  10  5     0 

i>n  drjv  iiig  wliet'b 11  I     0 

Ou  trilling  wheels 11  1      0 


Total 


&2 


Mr.  MVDonnell,  we  niaj  mention,  ia  nov 
building  for  his  line  two  dou lie-bogie  en- 
gines ou  Mr.  Fairlie-s  plan,  these  engiiiM 
haying  hoilers  and  general  details  similar  to 
those  of  the  loeomotive  we  illustrate. 

SIX    COUPLEU    TANK   LOGOKOTIVES, 

from  the  designs  of  Mr.  Samuel  Johnaon, 
bj  Messrs.  K  us  ton,  Proctor  and  Co*,  of 
Lincoln,  for  the  Great  Eastern  Kailwij. 
These  engines  are  intended  more  eaneclaUy 
for  shunting  purpoaes,  for  which  thej  on 
excellently  adapted.  The  evlindcrs^  whid 
are  inside,  are  placed  at  au  inclmation  of  1 
in  10,  this  being  ju^t  iufficient  to  en&bk  tht 
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rs  to  be  kept  clear  of  the  leading 
*he  water  is  carried  in  a  pair  of 
aka,  and  the  fuel  in  a  coal  box  at 
:  of  the  foot-plate,  a  ca8t-iron  bal- 
ight  being  placed  beneath  the  latter 
ise  the  weight  on  the  hind  wheels. 
ling  and  driving  springs  are  arranged 
le  axle-boxes  in  the  ordinary  way ; 
he  trailing  end  the  weight  is  carried 
'ansverse  spring  placed  behind  the 
.  In  gome  six-coupled  goodti  engines, 
iders,  recently  built  from  Mr.  John- 
»igns,  a  transverse  spring  is  also 
the  hind  end,  whilst  the  leading  and 
springs  are  connected  by  compensa- 
ams,  80  the  engines  are  carried  on 
»int8,  the  transverse  spring  of  course 
M  a  compensating  beam  between  the 
wrings  of  the  trailing  axle.  In  the 
stion  of  these  engines  steel  has  been 
employed,  the  horn-blocks,  slide- 
ftton-rods,  crank-pins  and  tyres  being 
[eaars.  Vickers,  Sons  and  Co.'s  cruci- 
L  The  barrel  of  the  boiler  is  made 
plates,  butt-jointed  above  the  water 
The  principal  dimensions  of  the  en- 
"e  aa  follows : 

Cylinders.  ft.   in. 

• 1    4 

1  10 

apart  Trom  center  to  center 2    4 

if  p«)rts 1    2 

r  exhaust  ports 0    8 

r  Jrtoam 0    \\ 

rbars 0    1 

from  center  of  driving  axle  to  cvn- 

exhaust  port 8  10 

Working  Gear. 

/connecting  rods  l>et ween  centers,  5  C 

•  of  bciring  at  large  end 0  7 

if  bearing  at  large  end 0  4 

:  of  bearing  at  siuull  end 0  8 

A  bearing  at  sniull  end 0  3 

r  giiide  ijars  (double) 0  2^ 

if  croAshead  blocks 0  9 

r  of  piston  nxlM 0    2{ 

r  of  valve  spindles 0    1^ 

between  centers  of  valve  spindles,    0    4 

Boiler. 

r  of  barrel  (inside) 8  9 

if  barrel  (inside) 9  1 

if  fire -box  casing  (outside) 4  4] 

rUrc-box  c^ing 8  11 

t  front  below  center  line  of  boiler,  4  5^ 

/  inside  fire-box  at  top 8  8 

if  inside  fire-box  at  bottom 8  9 

r  inside  flrc-box  at  bottom 3  4 

f  inside  fire-box  at  front 5  0 

oftubet 124 

*  of  tabes  (outside) 0  2 

f  tnbes  between  tube -plates 9  4/, 

of  blast  nozzle 0    4} 


ft.  in. 

Diameter  of  chimney  at  top 1    8 

Diameter  of  chimncj  at  bottom 1    4 

Heating  Surface.  sq.  ft. 

Fhc-box 70.8 

Tubes 608.2 

Total  679.0 

Fire-grate  area 12.5 

Tanks.  ft.  in. 

Length  of  side  tanks 10  0 

Height  of  side  tanks '. 4  8| 

Width  of  side  tanks  at  ifiidest  part 1  6 

Contents  of  tanks 778  gallous. 

Length  of  coal  box 2  0 

Width  of  coal  box 7  8J 

Wheels  and  Jixles, 

Diameter  of  wheels 4    0 

Distance  between  centers  of  lending  and 

driving  wheels 6    9 

Distance  between  centers  of  driving  and 

trailing  wheels 6    9 

Total  wheel  base 18    6 

Bearings  of  Driving  Jixlu, 

I/Cngth 0    7 

Diameter 0    6] 

Distance  apart  from  center  to  center 8  11 4 

Diameter  of  axle  between  cranks 0    6} 

Bearinge  of  Leading  and  Trailing  Jixles. 

Length 0    6] 

Diameter  at  center 0    6 

Diameter  at  ends 0    7 

Distance  between   centers  of  bearings  of 

leading  axle 8  11 

Distance   between   centers  of   bearings  of 

trailing  axles 8  10 

Diameter  of  leading  and  trailing  axles  at 

centers 0    6 

Frames. 

Length  inside  buffer  beams 22  6 

Distance  apart 4  1 

Thickness    0  H 

Depth  (extreme) 2  7| 

Width  over  footplate  at  leading  end 7  7 

Width  over  footpUite  at  trailing  end 8  4 

The  weight  of  these  engines  is  about  35 
tons  in  working  order,  and  they  will  exert  a 
tractive  force,  less  the  internal  resistances, 
of  117.3  lb.  for  each  pound  of  effective  pres- 
sure per  square  inch  on  the  pistons.  Thus 
with  a  mean  effective  pressure  of  98  lb.  per 
square  inch  they  would  exert  a  tractive  force 
of  about  11,500  lb.  The  boiler  is  worked 
at  a  pressure  of  140  lb.  per  square  inch,  and 
is  fed  by  a  pair  of  injectors. 

The  engines  we  have  described  are,  as 
we  have  said,  well  adapted  for  the  work  for 
which  they  are  intended;  and  we  under- 
stand that  their  performance  has  proved 
exceedingly  satisfactory. 
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STEEL  RAILS. 

STANDARD  PATTERNS  ILLUSTRATED. 

The  sections  of  rails  shown  on  the  opposite 
page,  embrace  some  of  the  best  patterns,  of 
various  weights.  The  engravings  (except- 
ing fig.  3)  are  half  size,  and  are  made  accu- 
rately to  scale.    The  patterns  are  as  follows  : 

Fia,  1.— 65  Ih.  Erie  RaiL^Of  this  pat- 
tern, bome  1,000  tons  had  been  made,  on  a 
large  order,  for  the  Erie  road,  by  Messrs. 
John  A.  Grifcwold  &  Co.,  Troy,  up  to  Octo- 
ber last,  when  the  converting  works  were 
destroyed  by  fire. 

Fig.  2. — 50  lb,  Penn,  Railroad  Pattern. 
— This  rail  was  designed  by  Mr.  J.  Edgar 
Ihompson,  President  of  the  Pennsyhania 
Kailroad,  but  a  heavier  pattern  (fig.  4)  has 
thus  far  been  adopted  on  that  line.  Of  the 
56  lb.  pattern,  the  Pennsylvania  Steel  Com- 
pany have  made  some  thousand  tons  for  va- 
rious roads — the  Pittsburg,  Fort  Wayne 
and  Chicago ;  the  Michigan  Southern,  &c. 
Messrs.  John  A.  Griswold  &  Co.  have  made 
about  the  same  quantity  of  the  same  pattern 
fur  the  Chicago  and  Northwestern,  Rensse- j  Co.  at  length  undertook  it,  and  found  I 


Fro.  4.-^7  lb.  Pennsyltfoma  Bmhml 
Pattern, — This  is  the  standard  patten 
this  line,  for  both  steel  and  iron.  Not  \m 
than  10,000  tous  of  steel  rails  from  this  p|l* 
tern,  about  half  of  them  having  been  m4s 
by  the  Pennsylvania  Steel  Company  at  Hu^ 
risburg,  are  in  use.  The  shape  of  the  hctl 
might  be  slightly  improved  for  fishing,  te 
altogether,  it  is  an  excellent  pattern. 

¥iQ.b.—ThpJ>6lb.  ''Ashbel  Welch'' BA 
— Mr.  Ashitel  Welch,  the  President  ul 
Engineer  of  the  combined  Camden  and  Ab- 
boy  and  New  Jersey  Companies,  long  igi 
determined  to  get  the  maximum  service  Mt 
I  of  the  new  material.  Instead  of  followiig 
the  proportions  adopted  for  iron,  he  mids  t 
pattern  specially  adapted  to  the  gretter 
strength  of  steel.  His  first  pattern  wuitill 
thinner  in  the  flange  than  the  present  one, 
and  although  he  expected  to  meet  the  viewi 
of  rail  makers  a  little  more  closely,  in  the 
end,  be  determined  to  test  the  capacity  of 
steel  to  roll  into  suck  thin  shapes,  and  iti 
capacity  to  stand  the  service  when  rolled^^ 
So  he  told  the  rail  makers  that  they  nioit 
make  his  pattern  or  none.     John  Brown  k 


lacr  and  Saratoga,  and  other  lines.  This 
may  be  called  a  favorite  pattern.  It  is  high 
enough  to  be  fished  to  advantage,  and  well 
shaped  for  this  purpose. 

FitJ.  3. — 80  lb.  Paris  and  Lyons  Railway. 
— This  pattern  is  specially  intended  for  fish- 
ing, though  we  consider  the  required  angle 
of  the  fish  plate  bearing  too  great;  too 
great  a  strain  would  be  brought  upon  the 
bolts.  The  rail  below  it  (fig.  5)  is  much 
better  in  this  regard.  We  think  a  wider 
head  would  also  be  preferable.  But  the 
base  is  very  wide — 5^  in.,  and  affords  an 
cxc-ellcnt  bearing  on  the  sleepers.  The 
rails  are  10  ft.  8^  in.  long  each.  Their 
ends  arc  unsupported,  the  distance  between 


difiiculty  than  they  had  expected.  Theraili 
were  put  down  where  the  service  was  hard- 
est on  the  Camden  and  Amboy  line,  and 
stood  perfectly.  But  upon  the  representa- 
tions of  rail  makers  that  such  very  thin 
flanges  would  cost  more — there  being  mort 
**  wasters" — and  that  they  would  not  be  ai 
strong  in  proportion  to  their  metal  as  thicker 
ones,  on  account  of  their  cooling  and  roll- 
ing cold  while  the  rest  was  hot,  Mr.  Welch 
changed  the  pattern  to  that  shown  in  fig.  5. 
This  is  not  a  pattern  that  red  short  steel, 
or  roughly  cast  ingots,  will  roll  into  with 
any  success,  but  the  Pennsylvania  Steel  Com- 
pany have  just  rolled  500  tons  of  it  for  the 
Philadelphia,   Wilmington    and    Baltimore 


the  sleepers,  between  which  the  joint  is  sit- '  line,  without  more  than  the  usual  number  of 


uatod,  being  23 J  in.  The  sleepers  next  are 
at  a  distance  of  2  ft.  3J  in.,  and  the  others 
of  2  ft.  1\  in.  This  gives  eight  sleepers  per 
rail.  The  sleepers  arc  made  of  ordinary,  not 
of  hard,  sorts  of  wood.  The  dimensions  of 
sleepers  are  :  length,  8  ft.  Oin.  to  Oft.  2  in.; 
breadth,  7 J  in.  ;  height  or  thickness  be- 
tween, 5 J  in.  to  6|  in.,  according  to  the  na- 
ture of  the  wood.  On  the  Northern  Rail- 
way of  France  tlie  rails  arc  5  in.  deep,  4 J 
in.  wide  at  the  side,  with  web  -j  J  in.  thick, 
and  they  weigh  TO  lb.  per  yard.  The  Bessemer 
works  at  Terre  Noire  are  manufacturing  the 
rails  above  described  for  the  Lyons  Railway. 


bad  flanges — in  fact,  without  any  difiiculty 
to  speak  of.  This  is  a  very  carefully  stu- 
died and,  in  an  engineering  point  of  view, 
excellent  pattern,  but  railway  companies 
have  thus  far  selected  the  other  rail  of  the 
same  weight  (fig.  2)  in  the  majority  of  cases. 
Fici.  6.-67  lb.  Erie  Steel-headed  Rail.— 
This  is  the  latest  Eric  pattern.  The  Trenton 
Iron  Company  are  now  rolling  this  pattern, 
on  an  order,  the  extent  of  which  we  rhall 
not  undertake  to  mention.  They  are  pro- 
ducing excellent  rails  with  heads  made 
either  of  puddled  steel,  or  of  steel  made  by 
the  Siemens-Martin  process. 
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Pio.  1. 


Fia.  2. 


Fig.  3. 


Fig.  4. 


-*. 


Fig.  5. 


Fia.  6. 
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REEVES'  NEW  JOINT  FASTENING. 

Fin,   1 


0^ 

e 


and  instead  of  the  clatter  obse?* -♦'^"  -•* 
of  a  common  cKair,  or  tkny   I  U 

peculiar  ringing  nui*e   h  beani,  r«-. m 
the  «ound  of  a  tiolid   {Jiece  of  metal 
Btruck.     This    is  the    be^it   cvideDirti  nf] 
continnity  produced  by  a  tight  joint* 

The  elasticity  of  the  joint  is  aootVe 
ticeable  feature.     There  is  nothing  ah 
representing  an  tin^il.     The  points  «,  i 
and  alno  the   edge  of  the    flange,    iiia| 
yield  very  slightly.      That  they  do  «i  ^ 
is  proTed   by   the  fact   that  no  wo*r  if 
served  between  the  purt^  in  contact.    " 
always  occurs  between  rigid  parti  *im?E 
situated,    as    in    case   of   the  old-f 
compound  raiU. 

The   weight  of  this   fastening  ecimplirt«. 
with  clamps  14  in.  long,  i^  30  Ihe*     Itf  < 
\s  82. 


The  moflfc  approved  form  of  this  exceilent 
device,  to  which  we  have  referred  on  other 
occasion*;,  i^  illustrated  by  the  above  cuts.  It 
nhould  be  explained  that  stops  n  and  m^  fig. 
2»  arc  not  uged  on  both  sides  of  the  rail. 
The  single  stop  Ji  requiring  only  the  corner 
of  the  flange  to  be  cut  off|  has  been  hereto- 
fore unod.  Mr.  Beeves,  however,  prefers 
the  two  itopa  m  m. 

The  advantages  of  this  joint  fastening,  es- 
pcciiilly  for  sterl  rails,  arc  very  clearly  set 
forth  by  the  letter  of  Mr.  Hinckley,  ]*rcsi- 
dent  of  the  Philadelphia,  Wilmington  and 
Baltimore  Railway  {see  page  3a7),  The 
engineer  of  this  line  report*  that  only  two 
ttuta  in  the  8,000  in  use  have  been  found 
l<Hi!?e,  and  that  only  one  clamp  has  b^en 
broken,  and  this  by  driving  it  with  a  sledge 
Won  the  rail.  The  motion  of  a  train  over 
tfiese  joints  is  natleed  to  be  very  smoothi 


THE  Rensselaer  PoLYTECiistc  Ihsti* 
TUTE — This   gcientific   school    ia  out  rf 
oldest,  if  not  itt^elf  the  oldest,  in  the 
try;  and  certainly  no  other  American  i 
tution   has    fiirui.^hed    60    many    sue 
engineers*     The    course    of  at4idy   i»  ▼•'l] 
severe;  and  young  men  who  graduate  ml 
receive  their  degrees  at   Troy  are  t^ualtW 
to  commence  brilliant  and  useful  careen. 

It  seems  strange  to  us  that  fur  *o  maajl 
years,  during  which  other  institutioGi,  on  J 
whit  more  deserving  of  support,  hnvt  he?nl 
nuinificently  endowed,  thiA  one 
left  entirely  dependent  upon  the  f 
students.     As  acousequence  t^  -  ii^a 

comparatively  high.     Two  huu  lir« 

a  year  is,  we  are  informed,  the  prc«i!0« 
charge  for  tuition;  and  it  is  not  found  ta I 
more  than  sufficient  for  the  maintcnanc©  rf| 
an  eflicient  system  of  instruction  and 
tical  training.  But  it  undoubtcdljr  Of 
to  prevent  many  from  attendance  wiio  ^ 
gladtv  purchase,  at  a  lower  rate,  the  bmeSli 
of  a  scientific  education. 

In  ad«lttion  to  its  age  and  general 
lence,  the  Hen:^elaer  Institute  has  two  i 
cial  claims  upon  the  public.     The  firit  I 
in  the   fact  that  in  the  dedtructioo 
buildings  by  fire,  a  few  yeara  ago,  iu 
tifio   resources  were   sadly    crtpplod. 
true  that  indomitable  energy  and 
ance  have  done  much  to  repair  the 
A  new  and  handsome  building  upon  ib^  { 
hill-side  overlooking  the  city  of  TmyJ 
the  beautiful  and   welbappointed  Vim 
laboratory  close  by,  bear  witnejss  to  ilt« 
taltty  which  inheres  in  this  enterprUc, 
give  proQiidC  of  its  extended  activitj 
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?ace  in  the  future.  The  iDstitutc  is 
uftUy  replacing  its  lost  library,  appara- 
nd  collections.  It  is  slowly  recovering 
the  disaster  which  befell  it ;  and  there 
)  doubt  of  its  ultimate  and  complete 
iss  on  a  larger  scale  and  by  a  higher 
lard  than  measured  its  ancient  glory. 
this  recovery,  however  sure,  ought  to 
uick,  not  slow.  Whatever  money  can 
>  annihilate  time  should  be  done. 
)c  other  claim  of  this  institution  upon 
jublic  is  the  provision  which  has  been 
}  in  its  courses  for  the  education  of 
ng  engineers  and  metallurgists.  Dur- 
a  recent  visit  we  were  much  pleased 
the  progress  already  achieved  in  this 
rtment,  and  the  judicious  plans  matured 
he  future.  As  our  readers  arc  aware, 
'.  G.  W.  Maynard  occupies  the  chair  of 
ng  and  metallurgy. 

hen  it  shall  at  last  come  to  pass  that 
'American,  like  the  European  mining 
ob,  shall  be  distinguished,  each  in  some 
ial  branch  of  the  arts  related  to  mining, 
hink  Rensselaer  will  be  likely  to  repre- 
e^pecially  the  metallurgy  of  iron,  a 
ch  so  important  as  to  form  in  some 
;gn  schools,  as,  for  instance,  that  of 
len,  the  chief  attraction  for  students, 
the  main  portion  of  the  instruction  im- 
:^d. 

roy  is  the  site  of  the  far-famed  Bur- 
iron  furnaces  and  rolling  mill,  as 
as  the  scarcely  less  cclobriited  Bessc- 
Stcel  Works  of  Messrs.  John  A.  Gris- 
l  &  Co.  The  latter  were  seriously  in- 
ti — wo  may  almost  say  destroyed — by 
I  few  months  ago,  but  are  now  being  re* 
:  under  experienced  management.  They 
produce  at  present  but  eight  tons  of 
lemer  steel  daily ;  but  the  works  now  in 
rens  will  increase  this  capacity  to  up- 
is  of  fifty  tons.  The  innumerable  pud- 
^  furnaces  and  other  iron-metalliiru:ical 
;»  in  Troy,  added  to  the  two  establish- 
Is  wc  have  mentioned,  are  so  many  ar- 
ents  for  the  importance  of  maintaining 
ample  power,  in  the  midst  of  an  indus- 
4>  va.st  and  profitable,  an  institution  like 
Rensselaer,  to  serve  as  a  storehouse  for 
preservation  and  an  exchange  for  the 
nunication  of  a  f:;Tctkt  number  of  valu- 
observations  concerning  the  latest  pro- 
es  of  the  metallurgy  of  iron.  More- 
some  provision  might  be  made  for 
ng  certain  courses  of  instruction  by  pub- 
lectures  or  otherwise  to  the  workmen 
iselves.    Even  a  common  laborer  accom- 


plishes all  the  more  and  all  the  better  for 
understanding  what  he  is  doing. 

A  course  of  popular  and  scientific  lectures 
is  in  progress  for  the  aid  of  the  Institute 
library.  Wo  sincerely  hope  it  may  succeed; 
but  this  is  too  slow  a  means  to  achieve  the 
desired  result.  There  is  little  merit  in 
urging  other  men  to  give  their  money  for 
the  public  good  ;  but  we  think  ourselves 
justified  by  the  circumstances  in  remarking 
that  the  rich  men  of  Troy,  and  all  the 
graduates  of  the  institution,  or  their  friends, 
should  unite  to  raise  for  the  school  a  large 
permanent  endowment.  Such  assistance, 
rendered  at  the  right  moment,  t.  e.,  very 
soon,  would  have  a  marvelous  effect  in 
stimulating  the  activity  and  doubling  the 
beneficent  influence  of  the  Institute.  Who 
endows  the  Reftsselaer  school? — American 
Journal  of  Mifuiig, 


ENGUSH  ORDXASCE  EXPERIMENTS. 

EFFECT  OF  CANNONADING  A  CASEMATE, 
UPON  SHELLS  STORED  WITHIN  IT. 
From  <<  Engineering." 
On  February  11th,  an  experiment  was  con- 
ducted at  Shoeburyncss,  with  the  view  of  as- 
certaining the  probable  effect  which  would  be 
produced  by  a  cannonade  upon  a  casemate 
within  which  loaded  shells  were  stored,  and 
also  the  extent  of  damage  which  the  explo- 
sion of  one  shell  would  produce  upon  the 
surrounding  ones.  For  this  purpose  50  live 
common  shells,  for  the  nine  in.  rifled  gun, 
were  disposed  with  the  area  of  an  armor- 
plated  casemate.  Each  of  these  shells  con- 
tained a  bursting  charge  of  eighteen  lb.,  in 
all  900  lb.  of  powder.  The  floor  of  the  case- 
mate is  about  20  square  feet,  the  height  to 
the  crown  of  the  brick-turned  roof  being 
about  twelve  ft.  The  opening  at  the  west 
end  of  the  casemate  was  closed  up  by  two 
seven  in.  thick  iron  plates,  eight  ft.  six  in. 
by  four  superficial,  and  weighing  about  five 
tons  each.  The  opening  at  the  east  end  was 
closed  by  several  largo  shoots  of  iron  |  in. 
skin  and  the  huge  rope  manlet.  The  riMira 
of  the  two  oasemates  were  left  perfectly  open. 
The  main  mass  of  the  shells,  42  in  number, 
and  containing  798  lb.  of  powder,  were  laid 
on  their  sides,  and  piled  in  two  rows,  with 
their  plugged  ends  pointing  laterally  out- 
wards. For  the  eonvenience  of  aiming  tho 
gun  through  the  porthole,  the  pile  of  shells 
was  raised  two  ft.  nine  in.  above  the  floor  oa 
a  platform  about  eight  square  feet,  composed 
of  bags  of  sand  and  concrete,  packing-boxes. 


30-1 


VAN  N0STRAND*8  ENGINEERING  MAGAZIKIS, 


iidgG,  some  70  paces,  the  groozid  w 
with  fragments  of  shelb  and  br 


The  front  of  the  pile  of  si 
firing  wti8  21  ft,  from  the  f  • 
hole  ;  the  ijuautity  of  powder  iii 
exploded  wait  84*2  lb.     The  atU-. 


and  loose  earth,  covered  over  with  an  old 

deal  target.     Four  i!^hell8  were  placed  against 

eat-h  wall  of  the  ca.semate  at  the  bide,  about  |  Outside  the  eastern  opening  the  tw 

six  ft.  or  i*evcu  ft.  away  from  the  pile.  ]in.  plates  were  blown  away  from  six  tot 

The    nine    in.    AVoolwieh    niuzde-loadin^?  ft.,  two  whole  shells  were  lying    . 
rifled  gun  wa.^  pluecd  ut  70  yards  in  front  o'[>dfhris  of  sand  bags ;  W  ft.  from  th 
the  casemate,  and  laid  at  the  center  of  the  a    third    whole    shell    was    found    |»^n^<;a| 
pile,  SLA  i*een  through  the  open  port.     The  uninjured 
ehtirge  was  the  full  battering  charge   of  43 
lb.  of   htrge   grainud   rifle   powder,  and   the 
PaHiser  ^hcll  weighed,  empty,  24ti  lb.,  and 
contained  a  bur>*ting  charge  cif  five  lb.  twelve 

oz.  The  gun  wa:<  fired  by  the  magneto-electrie  |  would  seem  to  have  driven  right  throitL 
apparatuH,  and  the  result  of  the  explo.sion  on  i  two  lowest  tiers  of  piled  «hcll»,  aay  tv.ri.t 
the  exterior  of  the  ca^semate  wan  to  .shake  the  ^itid  ten  respectively,  and,  in  toUl,  1!*.'  "V 
nias.sive  brickwork  and  masonry  of  the  carte-  phxling  nineteen,  and  knocking  th«  Mum 
mate,  to  widen  and  increase  the  cracks  and  l^ear  ones  away. 

fifisure^  made  by  the  former  firing  against  the  I — 

armor,  and  to  open  new  ones.     Inside  the '  Practical  Instruction  in  Enqikiki*- 
stnictore  the  wreek  wan  terrible  to  look  at,'!     iNO.^The  engineering  course  at  Lnf*?- 
the  whidu  floor  of  the  ea?iemute  being  euvered  ette    College  has   some  features  whicl  ^rt 
with    the    debrix   of  cunerete,  earth,    fa Ueii 'worthy  of  the  attention  of  all  our  tech n'tctJ 
bricks,    fragment8    of   wood,    and    explodeiltichoohs.      While    the    general     currimiVitu, 
ahell^t  eoui mingled  with  entire  shells  which  embracing   four  years,   is   designed   i 
had  not  been  injured,  and  whieh  were  thrown  the  engineer  all  the  enUure  of  a  th..,.^^-t 
aVtnsit  in  all  direetiuns,  one  2H  yards  away  on  college  course  in  addition  to  the  speeial  lA*^ 
the  open  beaeh  to  the  rear.     On  eloser  ex-  strucrion  for  his  profession,   this  cU*-    -    * 
amination  it  was  found  that  nineteen  ^hell^  had 'gauixed  as  an  engineering   eorpa,   a^ 
been  exploded,  and  that  *dl  had  been  hurled  jtlirough  all  the  noccasary  operalionJ«  tur  uii 
viidently  away  with*mt   damage.       Fearful,  construction   of  a   railroad    from   KaAion  t9 
therefore,  as  the  destruction   looked,  it  min*t  jsome  selected  terminus.     Thisw*-  '  ^*st 

be  remembered   that  the  experiment  wa.s  a  i  reoonnois^ianee,  running  prelimii  *, 

thoroughly  crucial  one,  and  that  the  shells  fixing  the  final  k»cation  of  the  rua  1  u.  i^  'h« 
hud  really  shown  themselves  as  safe  maga- '  most  favorable  attainable  grades  :iiid  tui^t^ 
jines  for  powder  as  could  possibly  be  expected,  the  constructitm  of  maps,  profiles,  croas  t«0» 

In  the  interior  of  the  cascra.ate  itself  there  tions,  &c.,   the  computation  of   cxeafaiioilf 
wari  first  the   concrete  and  earth  phvtformj  maj^onry,    ic.     The    field    work   and   offiot 


the  floor  was  covered  to  the  depth  of  some 
inches  with  the  dihris.  Two  shells  lay  close 
to  the  front,  one  on  eaeh  side  of  the  port; 
another  on  the  8ill  of  the  west  opening,  the 


work,  including  drafting  and  ualculatiuti,  art 
performed  under  the  immediate  direction  <jC 
Frofeasof  Walling,  who  acoompaDien  Uii 
corps  and  directs  their  inveetigaiiona.     Tkft 


four  whieh  were  st«iod  erect  along  the  rear  [bridges,  tunnels  and  depots,  are  al^u  local* 
part  of  the  west  wall  being  all  blown  a:4aut,  led,  and  all  necessary  plans  and  ealculatiuni 
and  two  othur»  out  of  the  pile  lying  aslant  j are  made,  with  a  discussion  of  the  prtnei-^ 
likewise,  eloyo  U)  the  wall  heside\hem.  The  |ples  involved.  In  short,  the  whole  work  ol 
large  iron  skin  (0  ft.  G  in.  by  Oft.  0  in.t  3J  a  division  engineer  is  p*  ^o  thnt  thi 


in.)  at  the  back  of  the  shield  hut  tress,  was 
blown  down. 

To  the  seaward,  within  seven  ft.  of  the  oase- 
matt$,  there  were  ten  uuexploded  sholU,  one 
bad  n  fragment  broken  from  its*  rear  end  six 
in*  iu  length  and  one  iu.  wide.  Sixteen  feet 
tieaward  of  this  again,  lay  two  whole  shells 
mi  the  west  side,  and  at  fourteen  ft.  one  on 
the  east  side ;  and  still  farther  senward,  ll8 
yardH  awaj  fr<»m  the  casemate,  lay  the  most 
•  I!  «3at  of  the  shells  oast  ft  way  from  the  pile 
Li    'liQ  cxploiioit     Thence   t^o  the  water's 


graduate  ha^  not  only  ^  rheorv,  but 

actual  practice,   and  is  ready  at 
sume  intportant  and  reHponaiblc  | 

Wo  may  add  that  the  technical  ooartte«al 
Lafjiyette  have  all  been  recently  enlari^td 
and  greatly  improved.  Mr.  rardee,  of  Ua* 
tloton,  Pa.,  has  contributed  for  this  ohjeel 
the    munificent  norn  of  two  hundrt»d  ihoil* 

sand  dollars,  making,  with  the  g lo* 

nations  of  other  friends  of  the  Qt 

nearly  half  a  milli^jn  of  dollars  lately  aJded 
tu  tbe  ooUogo  funda. 
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P.VPERS  OX  CONSTRUCTIOX. 
No.  I. 

Bj  Lieot.  C.  E.  Dcttox. 

The  detenu inat ion  of  the  strength  of  nia- 
iriaLs  involves  an  investigation  into  the  fol- 
wing  conditions:  (1)  the  nature  of  the 
aterial ;  ('2)  the  stress  to  which  the  various 
«e3  are  subject  ;  (3)  their  shapes  and  di- 
ensions  ;  (4)  the  manner  of  their  support. 
Ithoajrh  other  conditions  must  be  frequent- 
'  eomidercd,  the  foregoing  are  universal. 

It  is  not  proposed,  in  these  papers,  to  dis- 
us^hc  more  general  properties  of  material 
jMratelv,  since  these  are  in  the  main  well 
iderstood.  Particular  discussions,  how- 
rer,  in  connection  with  other  conditions 
til  be  given  in  the  proper  places. 

The  strains  to  which  material  is  subjected 
Mj  be  reduced  to  five  kinds:  (1)  tension, 
:)  compression,  (3)  transverse  strain,  (4) 
tearing,  (5)  torsion.  To  these  might  be 
Ided  a  sixth,  viz;  those  internal  strains 
jolting  from  the  peculiar  molecular  con- 
itation  of  the  material  when  subject  to 
rtain  forces  acting  upon  molecules  or 
oms.  This  kind  of  strain,  however, 
oald  more  properly  be  considered  in  a 
Mussion  of  the  nature  of  materials. 

1.  A  Ixidj  is  subject  to  a  strain  of  tension 
len  two  forces  are  acting  upon  it  in  opposite 
reotions,  and  from  each  other.  A  body 
;ed  at  one  end,  and  having  a  tensile  force 
•plied  to  the  other,  resists  rupture  by  the 
hesive  force  inherent  in  the  molecules 
lich  constitute  it.  It  is  generally  as- 
mcJ  that,  in  a  body  nearly  homogeneous, 
ck  molei'nle  opposes  to  a  given  force  a  rc- 
(tanee  nearly  c<jiial  to  that  of  every  other 
Dlecule.  Although  this  assum{)tion  is  only 
•proximately  true,  it  is  necessary  to  make 

»in«'e  it  is  the  only  way  in  which  we  re- 
i«  the  phenomena  of  resistjince  of  mato- 
lU  f«»  system,  and  subject  them  to  analysis. 

It  will  be  safe  enough  to  assume;,  what- 
er  may  be  the  resistance  of  any  molecule 

rapture  by  a  given  force,  that  their  aver- 
:e  resistance  is  a  constant  ({uantity.  On 
U  assumption  the  total  resistance  of  a 
•"It  to  rupture  by  tension,  at  a  given  sec- 
*a,  will  be  the  sum  of  the  resistances  of 
I  the  molecules  of  that  section.  The 
inil>er  of  these  is  directly  proportional  to 
i»  aroa  of  that  section,  and  hen  e  the  re- 
fianf*  will  always  be  pn)p<)rtional  to  that 
va. 

Thi«  prof»osition  must  be  qualified  in  par- 
rubr  cases  by  the  condition  that  the  stress 
Vol.  I— No.  4.— -22. 


be  applied  equally,  and  at  the  same  time,  to 
every  porticm  of  that  area.  In  the  case  of 
a  cylindrical  rod,  or  bar,  if  the  force  be  ap- 
plied at  the  convex  surface  of  the  cylinder 
only,  it  is  evident  that  a  portion  of  the  sur- 
face will  be  strained  more  than  the  central 
or  axial  portions,  and  the  cylinder  will  yield 
to  a  force  less  than  that  due  to  the  area  of 
section,  by  the  rnpture,  first,  of  the  surface 
portions,  and  then  of  portions  successively 
nearer  the  axis. 

2.  All  materials  under  tension  are  elon- 
gated. The  elongation  becomes  permanent 
when  the  tension  is  great,  and  increases  in 
a  higher  ratio  than  the  force  applioil.  A 
restoration  takes  place  when  the  force  is  re- 
moved ;  but  it  is  only  partial,  except  in  cases 
where  the  force  is  slight  compared  with  the 
ultimate  strength  of  the  material.  Con- 
tinuous tension,  or  tension  repeatedly  ap- 
plied, even  within  the  limits  of  elasticity, 
will  produce  a  set,  and  if  sufficiently  con- 
tinued will  ultimately  produce  rupture,  or 
seriously  impair  the  strength.  A  slight 
diminution  takes  place  in  the  permanent  set 
when  the  body  is  allowed  a  protracted  rest. 
Within  the  limits  of  tension  to  which  sound 
practice  would  subject  any  material,  it  will 
give  a  closely  approximate  result  if  we  make 
the  extension  proportionate  to  the  force  ap- 
plied. It  is  also  in  direct  ratio  to  the 
length  of  the  piece,  and  in  an  inverse  ratio 
to  the  area  of  section ;  whence  the  following 

formula :  e  =  /;/,  in  which  e=  the  exten- 
sion, t  =  the  strain,  I  =  the  length  of  a  piece 
of  uniform  section,  A  —  the  area  of  that 
section,  and  m  =  a  co-efficient  to  be  delcr- 
mined  by  experiment. 

In  most  equations  relating  to  the  strength 
of  materials,  experimental  ro-efficients  ne- 
cessarily enter.  These  co-efficients  are  de- 
pendent for  their  value  upon  the  properties 
of  the  materials  under  discussion,  as  deter- 
mined by  direct  experiment.  Thus,  in  an 
expression  of  the  tensile  strength  or  resist- 
ance to  compressitm,  it  would  indicate  the 
tenacity  or  resistance  per  square  inch :  in 
an  e<|uation  of  transverse  strength  it  may 
express  the  transverse  strength  of  a  piece  of 
material  one  foot  long  and  one  inch  deep. 
In  general  it  may  be  snid  to  express  the 
value  or  amount  of  a  particular  property, 
found  exjM^imentally  in  a  piece  of  the  nja- 
torial  under  discus>ion  having  given  dimen- 
sions. 

For  a  moderate  stress  of  tension  the 
elongation   of    a   bar    is    approximately   a 
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In  using  the  foregoing  formula  it  will  be 
Becensarj  to  use  care   in  determining  the 

ratio  -  .     In  wrought  iron  frame-work  and 

machinery  the  bars  which  act  as  struts,  in 
order  that  they  may  have  sullicient  stiffness, 
are  made  of  various  forms  in  cross  section, 
well  known  as  "angle  iron,"  **channel  iron," 
"T-iron,"  and  "double  T-iron,"  etc.  In 
each  of  these  forms  the  line  to  be  considered 
as  1/  is  the  diameter  in  that  direction  in 
which  the  bar  is  most  flexible,  of  a  triangle 
or  rectangle  circumscribed  about  its  sec- 
tion. 

The  ultimate  resistance  of  wrought  iron 
tnbeti,  composed  of  plate  iron  riveted  to  an- 
cle irons  at  the  corners,  was  stated  by  Mr. 
Fairbains  to  be  27,000  lbs.  per  square  inch 
of  section  of  iron.  This  is  in  eases  where 
the  ratio  of  length  to  diameter  exceeds  30. 
The  yielding  is  always  by  buckling.  But 
when  a  number  of  these  tubes  are  placed 
side  by  side,  the  resistance  becottios  88,000 
or  36,0tKI  lb."*.  The  same  co-cfiicicnts  apply 
alio  to  cylindrical  tubes.     (Kankiue.) 

5.  In  cases  where  the  center  of  pressure 
does  not  coincide  with  the  axis  of  the  col- 
vmo,  it  is  evident  that  a  greater  strain  will 
be  thrown  on  one  side  than  on  the  other, 
and  the  load  which  the  column  will  sustain 
will  therefore  be  diminished  in  the  ratio  in 
which  the  moan  intensity  of  the  stress  is  less 
than  the  maximum  intensity.  To  find  that 
ratio  it  is  sufficiently  near  the  truth  to  as- 
sume that  the  stress  is  uniformly  varying. 

Let  jr=  the  greatest  deviation  of  the  cen- 
ter of  pressure  from  the  center  of  figure  in 
any  cross  section  ;  that  is,  the  greatest  de- 
viation  of  the   line  of  action    of  the    load 
from  the  axis  of  the  pillar.     Let  ^  be  the  ' 
diHtance  of  the  point  of  greatest  stress  from  ' 
the    axis  of  the    ])illar;  that    is,  the  same 
diameter  of  the    ]>illar    in  the  direction  in  ' 
which  the  load  deviates  from  the  axis. 

Let  /  denote  what  is  called  the  moment ' 
of  inertia  of  the  cross  section  of  the  pillar  > 
(a  term  which  will  be  explained  under  the  1 
hrad  of  transverse  strength);  let  iS  =  the 
•rea  of  the  transverse  section  in  sq.  inches, , 
and  \vt  f—  the  rosistanee  of  the  material  to 
crushing  in  lbs.  on  the  sq.  inch.     Then  the  ' 

f_^ ' 

crushing  load  «  P  =  ^       j-jc'S.    The  follow- ; 

ys  I 

ing  are  some  of  the  values  of    ^-    in    this. 
formuU.     (Rankinc.)  | 


II. 
III. 

IV. 
V. 


Rectangle  kb;  b  neut-  )   C 
ral  axis, )  k 

Square  A*     .     . 

Ellipse;  neutral  axis  b; 
'  other  axis  A,     . 


:! 


Circle;  diameter  A, 

Hollow  rectangle  out-' 
side  diameter  hb;  in- 
side diam.  k'  b';  neut- 
ral axis  b 


h 
8 
h 
8 
~h 

^hihb-h'b') 
h*b'h'^b' 


G7i 


8/i 


VI.  Hollow  square  A'  -  A'* 

VII.  Circular  ring  diame- 
ters A  and  A',  .  .  ,\  A'+A" 
6.  Transverse  Strength, — A  horizontal 
beam  having  one  end  fixed  in  a  vertical 
wall,  and  subjected  to  stress  in  a  direction 
perpendicular  to  its  length,  will  be  forced 
out  of  its  normal  shape  and  subjected  to  in- 
ternal strains  of  a  complex  nature.  If  a 
weight  act  vertically  downwards,  the  upper 
layers  of  the  beam  will  be  subjected  to  ten- 
sion, and  the  lower  layers  to  compression. 
There  will  be  an  intermediate  layer  where 
neither  of  these  forces  operates,  and  this  is 
called  the  ''Neutral  Axis.'' 


Fig.  L 


It  is  plain  that  the  greatest  tension  occurs 
at  the  upper  surface,  and  the  greatest  com- 
pression at  the  lower  surface,  and  the 
amount  of  change  in  any  layer  is  propor- 
tional to  the  distance  of  that  layer  from  the 
neutral  axis.  The  effect  produced  upon  the 
beam  by  a  given  weij^ht  will  obviously  vary 
directly  as  the  distance  from  the  wall  at 
which  it  is  ap])lied.  If  A  C,  Fig.  1,  le  the 
neutral  axis,  then  A  C  B  and  A  C  B'  may 
be  regarded  as  bent  levers  of  which  the 
arms  C  B  and  C  B'  are  constant ;  and  if  the 
weight  W  be  applied  at  the  distance  x^  then 
the  effect  of  H^will  vary  as  x.  If  \V  be 
multiplied  by  the  distance  at  which  it  acts, 
the  product  will  be  what  is  called  the  **3/o- 
ment  of  the  Weight ;"  L  «.,  the  amount  and 
efficiency  of  the  force  as  determined  by  its 
**  leverage/'  When  the  weight  is  applied  at 
a  single  point,  then  the  moment  of  weight 
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=  Wx,  When  it  is  distributed  over  a  con- 
tinuous length,  it  is  plain  that  each  point 
has  a  moment  of  its  own,  and  that  the  whole 
moment  will  be  e({ual  to  the  sum  of  the  mo- 
ments of  all  the  parts.  Suppose  the  beam 
to  be  divided  up  into  an  indefinite  number 
of  equal  parts,  having  the  length  dx;  then 
the  weight  on  each  of  these  parts  will  be 
proportional  to  the  length  of  the  part,  and 
equal  to  the  intensity  of  the  weight  multi- 
plied by  this  length.  The  intensity  of 
weight  for  a  unit  of  length  is  equal  to  the 
whole  weight  divided  by  the  whole  distance 
over  which  it  is  distributed,  and  in  cas(^  the 
beam   is   uniformly  loaded  over   its  whole 

W 

length,  the  intensity  will  be  -        and  the 

weight  upon  dx=  — . — .     The  moment  of 

W 
this  weight  will  be  -.-.xdx,   in   which   ex- 

W 

pression   -  -    is  a  constant  quantity.     The 

entire  moment  therefore  (making  2:  =  /)  is 

M=-^-Jxdx=^^.},x^=    2- 

The  moment  of  a  uniformly  distributed 
load  is  therefore  one-half  the  moment  of  the 
same  load  acting  at  the  free  end.  In  case 
the  load  is  uniformly  distributed  over  a  part 
of  the  length  =  a  between  the  points  x  and 
x\  the  above  expression  becomes 


M= —  /      xdx=-Xlx-x 
ajx'  o  ^  ^ 


•). 


Making  x=l  and  x' =  l-a  the  above  be- 
comes 

7.  When  a  benm  is  supported  at  both 
cnds,^  and  a  weight  applied  between  the  sup- 
ports, we  may  consider  the  reaction  of  these 
supports  as  forces  actin<r  upwards  upon  the 
free  ends  of  a  beam  supported  in  the  mid- 
dle ;  or  the  beam  may  be  considered  as  a 
lever  of  the  third  order,  where  the  power  is 
applied  between  the  extremities.  Adopting 
for  the  present  the  latter  view,  and  making 
/  =  the  distance  between  supports,  and  x  = 
the  distance  from  A  of  the  point  of  applica- 
tion of  the  weight,  then  the  pressure  upon 
B,  or  what  is  the  same  thinir,  the  reaction 
of  B  will   be   inversely  as  the   length,  and 

A X B 

I, 


directly  as  the  weight,  and  the  distance  fna 

A;  f.  €.,  P=  -^-.      Similarly,    the  pm- 

sure  upon  A  will  be  inversely  as  the  lengtli, 
and  directly  as  the  weight,  and  the  distance 

fromJ?;j.6.,P'=i?^^^.      Adding  theie 

equations  P-fP'  =  ^-?+^p^=:W;  we 

find  that  the  sum  of  the  pressures  upon  the 
two  supports  is  equal  to  the  whole  weight 
The  moment  of  reaction  of  the  support  B 

will  be  =  P(a:  -  /)  =  —  f—^  and  the  mo- 
ment of  reaction  of  the  support  A  alio 
=  r'x=  ^^i^-^)^:    therefore  these  two 

moments  are  always  equal.  Since,  in  every 
case  x+(l-x)  =  lj  the  equation  of  moment 

becomes  a  maximum  when  x=-^,  and  be- 
comes zero  when  x  =  o,  or  z  =  Z.  Hence  the 
moments  of  weight  are  greatest  when  the 
weight  is  in  the  middle  of  the  beam,  and  are 
nothing  when  it  is  at  either  support.   3Iaking 

X  =  2  ,  then  ^^(JZ^  =  i  FT/,  t.  e.,the 

effect  of  a  weight  placed  in  the  middle  of  a 
beam  supported  at  both  ends  is  one-fourth 
;  the  effect  of  the  same  weight  at  the  free  end 
of  a  beam  fixed  at  one  end. 

In  the  case  of  a  uniformly  distributed 
load  we  may  assume  the  supports  to  be 
forces  acting  upwards  against  a  beam  sap- 
ported  at  the  center  by  the  weight.  By  re- 
ferring to  equation  (I)  it  will  be  seen  (bear- 
ing in  mind  that  x=  ^i)  that  M=  JP  (/-jr) 

-^  i  E^  J.^JL^=  J  Wl.      Hence,   a    beam 

will  support  twice  as  great  a  load  distri- 
buted  uniformly  as  it  will  when  the  load 

j  acts  at  the  center  alone. 

I  8.  When  the  weight  does  not  act  perpen- 
dicularly to  the  length  of  the  beam,  the 
foregoing  conditions  are  somewhat  modified. 

Fig.  III. 


I 
Y 


X 


Fig.  II. 


Let  A  B  represent  a  benm — its  axis  making 
I  with   the   horizon   an  angle  =3  ^.     Let  the 


( 
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weight  act  vertically,  and  let  W  C  represent 
Ike  magnitQfie  of  the  weight.  Resolve  W 
C  into  two  components,  W  D  and  DC;  the 
funner  perpendicular  and  the  latter  parallel 
to  the  axis  of  the  beam.  Then  D  C  is  a 
ibrce  having  no  transverse  effect,  but  is  sub- 
ject to  the  laws  of  longitudinal  stress,  while 
the  component  WD  represents  the  whole  of 
the  transverse  effect  of  W.  The  relation  of 
IT  D  to  the  whole  load  is  expressed  by  the 
equation  IF  D  =  W  cos.  0,  and  the  equation 

of  moment  becomes  Af= — ^  V  "^  CQ^-  9^ 

9.  From  the  foregoing,  therefore,  we  may 
deduce  the  general  principle^  appiicahh  to  all 
cofff  of  transverse  strain^  that  the  effect  of  a 
load  upon  a  beam  varies  directly  as  the  length 
of  the  beam.  It  now  remains  to  determine 
the  relations  of  the  load  to  the  cross  section. 
Reverting  to  Fig.  I,  it  is  apparent,  assum- 
ing that  A  C  B  and  A  C  B*  are  bent  levers, 
that  the  intensity  or  effect  of  the  resistance 
ef  any  layer  to  extension  or  compression 
must  vary  as  its  distance  from  the  neutral 
axis,  because  the  leverage  is  proportional  to 
that  distance.  But  owing  to  the  curvature 
of  the  beam  the  tendency  to  rupture  or  the 
■train  is  also  directly  proportional  to  that 
distance.  These  two  forces  arc  always 
equal  and  in  opposition,  up  to  the  limit  of 
elasticity  either  for  compression  or  exten- 
sion, and  therefore  hold  the  beam  in  stable 
equilibrium.  Beyond  that  limit  the  action 
of  these  forces  f«»llows  no  known  law.  Our 
6 iscufl!* ion,  therefore,  must  be  with  reference 
to  strains  within  that  limit. 

Let  Fig.  Ill  represent  the       Yiq,  III. 
CTo^  section  of  a  rectangu- 
lar beam,  of  which  XX'  is 
the  neutral  axis.     Let  I  be 
any    layer    of    very    small  x— 
thickness  at  the  distanee  x 
from  the  neutral  axis.     Jjot 
r  be   the   thickness   of  the 
layer,  and  *  the   intensity  of  the   stress   to 
whifh  it  is  subjected.     Let  h  =  the  breiidfli 
of  the    In-ani.     Sinec    the    intensity   of  the 
btre*s  varies  directly  as  its  distance  from  the 

neutral  axis,  then  =  c,  a  constant  quan- 
tify. The  amount  of  stress  on  the  layer  / 
will  be  expre**se«l  thus :  Q  —  s  b  t  —  c  jr  h  f. 
If  Wf  a^^unie  /  to  be  at  the  eiljre  or  surface 
ftf  the  bvam,  and  divide  the  distance  bc- 
twi-cn  it  an<l  the  neutral  axis  into  an  indefi- 
nite number  of  layers  of  the  thiekness  ^ 
thi'n  the  amount  (if  stress  on  each  layer  may 
be  expressed  in  the  same  way  as  that  on  /. 


Thus  the  amount  of  stress  on  the  layer  next 
to  I  will  be  Q'  =  s'  b  /,  and  on  the  next,  Q" 
=  s"  b  t.  The  moments  of  these  stresses, 
i.  e.,  the  amounts  multiplied  by  the  distances 
from  the  neutral  axis,  will  be  s  b  t  x,  s'  b  t 
(x  -  /),  s"  bt  (x-  2),  etc.,  and  their  sum  will 
be  equal  to  the  moment  of  resistance  of  the 
entire  portion  of  section  under  discussion. 

R=^bt\s x+s\x  - 1  )+s"[x - 2)+«'"(j: -  3) 
+*"  (x-7i)\.     Now,  s=cx,  s'  =-. 

cz-t),  s"  =  c(x  -  2")  etc.,  and  t  =-^  sub- 

n 
stituting  these  values  in  the  foregoing  equa- 
tion 

('-v)' +(--^1-  i 

«4!>+(-v')+('-;-^)"+ 
(";')" +(^")'!- 

The  sum  of  the  series  contained  in  the 
brackets  =  !*  therefore  R=cb^  X-^  =  i 

c  b  X*. 

Substituting  for  c  its  value  =  -- 

Hence  the  resistance  of  a  beam  varies  as 
the  square  of  the  depth. 

The  same  result  is  obtained  by  direct  in- 
tegration, thus:  making  t  =  dx,  then  the 
moment  of  stress  upon  the  differential  layer 

/=    sbxdx=  -^bx^dx.     Then,  since-*, 

is  a  eonetant,thc  whole  moment  of  resistance 

becomes   =  ^,   I     bx*dx=    .  X^bx*. 

flaking  x'  =  x  we  have  the  same  result  as 
,  before. 

The  factor  J  h  x*  is  termed  the  **  moment 
of  inertia"  of  the  cross  section.  It  is 
eompoumled  of  three  factors,  expressing  as 

■  njany  relations  :  first,  the  intensity  of  resist- 
i  ance  made  by  finy  particle  of  the  section  to 

■  a  stress,  which  intensity  varies    directly  as 
j the  distance  from  the  neutral  axis;  second. 
Mho  area,  h  x  of  the  section,  or  the  number 
inf  particles  which  resist,  and  thinl,  the  dis- 
tance or  niouient  jiroper  from  the  neutral  axis 
at   which   the   force  acts.     The  factor   s  is 
termed  the  modulus  of  rupture,  of  working 

,  load,  or  of  proof  load,  according  as  the  one 


nf  the  apparatus.     Under  tUe  large  pUtfurm 

of  the  carriage  h  placed  u  meclmiiixm  which 
18  attached  tu  tho  hursc-gin,  liiid  wliudi,  by 
means  tA'  a  ciiiiiru  draws  hut-kwiirds  ur  fur- 
wardi*  the  whole  .sy^iteni.  which  moves  on  raib. 
The  maebirie  irf  used  as  fulhiws :  The 
upper  piirt  of  the  ground  U  levidled  ;  a  Hue 
five  nieter«  wide  is  hiid  perpeudieuliirly  to 
the  face  of  the  rock  to  be  cut  and  tivu  or 
fiix  meters  back  ;  the  nmehiue  it*  plueed  un 
thi^  line,  A  man  stands  tni  the  upjier  phit- 
fonn,  and  turns  the  ai«paratuii  so  that  one  of 
the  anus*  of  the  erane  .^hall  be  uhout  over  a 
cutting  previim>ly  made  in  the  t^oll  to  admit 
a  wedge  which  will  serve  to  dt-tacii  the  mass  ; 
the  carriage  is  then  advanced  or  drawn  hack 
fiufficienlly  so  that  the  strap  id'  tlic  two  guid- 
ing rodn  being  iuwered,  the  wedge  cnn  pass 
he  I  ween  the  two  wooiien  hlueks ;  thc^tC 
hhw'ki*  are  carefully  wedged  with  waste  bUine, 
Bu  that  they  lie  firmly  on  the  fc^tmie,  which 
they  ran  do  from  the  s^light  oscillatory  mo- 
tion they  can  take.  Tiie  monkey  in  then 
raised  to  the  recjuired  height  to  detach  with 
n  single  blow  the  block  of  granite  correspond- 
ing to  the  position  of  the  wedge^  The  nip- 
per h  arc  loosened*  and  the  monkey  detaches 
a  block  of  from  live  to  ten  cubic  meters.  The 
phicing  in  position  of  the  ajtparatus  and  de- 
taching of  the  block  takes  iive  minutes. 
Enough  men  nnn^t  he  employed  to  prepare 
the  places  of  the  wedges,  either  in  the  hlucks 
to  he  detached  or  in  ihose  already  detached, 
which  arc  to  be  broken  up,  Eat-h  hole  for  a 
wedge  in  the  granite  lake^i  an  hour  to  make. 
The  inventor  .^tate*.  that  twelve  workmen, 
each  having  a  man  to  help  liiiu,  wuuld  be 
rcijuired,  also  a  man  to  guide  the  machine, 
and  five  men  to  move  and  load,  in  all  30 
men.  The  machine  it.'*elf  can  asnist  in  load* 
ing  the  hlockH,  as  it  i.s  a  regular  erane.  For 
breaking  up  small  blocks,  a  special  machine, 
which  remind"?  one  of  a  pile-driver  i»  u^ed, 
only  the  Uionkey,  which  is  ccunj>arati\cly 
light,  has  a  prujfctlng  cutter  on  it.%  lower 
giurlace,  and  which  i.-^  perpendicular  to  an- 
other cutter  on  a  fixed  east  iron  anvil. 
The  top  of  this  anvil  is  fciurronnded  by  a 
framework,  into  which  is  put  granite  dust  to 
the  hncl  of  the  cutter  on  the  anvil  ;  on  this 
du^t  the  block  to  be  broken  Is  phiced  and 
kcpit  in  position  by  means  of  a  stiff  wooden 
bar.  It  appearw  that  considerable  saving 
rcAults  from  the^c  two  machines.  They 
pos,Mcss  the  advantage  of  not  I  icing  liable  to 
gcf  out  of  onler  like  that  which  ha.s  been 
\isr*{  in  the  environH  of  Fontainehleaa,  and 
which  ueceasitates  the  u&e  of  a  steam  engine — 


a  kind  requiring  men  aceu^toinjfr^  t*  | 
management  of  M cam-engine*,  tt 
however,  be  admitted  that  thi*  D»ihchiQ 
very  cnmhrous,  and  one  w<'  ' 
whether,  by  adopting  the  pri  i 
very  heavy  ma*<He«,  forctitting  a 
could  not  be  discovered  which 
of  Its  application  in  the  earth v 
limestone  and  granite  strain  \^ 
uiet  with  in  great  numbcrii  on  thv* 
authorised  in  18G8. 


IJ^NGINKKRINO  ARCHlTECTtl?  "        "    " 
A  idcnt   1 1  aught  on,  in   hid  a^j 
the     Mechanical    Kngiueer*,    i?*     :»    ^n 
which   tlie    Society  would  do  urcU    lo 
contitkually   l)efore   it,   because   it    »  a 
in     whicli    wc     can    see    our  way.   ai>4 
which   every  one  admits   there    la   * 
improvement;  it  is,    indeed,   hiiniil' 
think  of  the  vast  *unis  that  ha 
in    Eoghmd   on   grand    engine*.     , 
with  an  ntlcr  disregard  nf  appearam.*eA,  lai 
where  a  modicum   of  aesthetic  J»kill   «o«ld 
have  given  u*  so  much   effect  and  livtQij* 

It  will  he  said  that   utility  and  n*>t   *  - 

should  be  the  cry  of  the  engineer; 
is,  after  all,  oidy  the  twaddle  vf  m  Muja- 
tency,  for  it  is  well  known  to  tho^^r  who  hiiri! 
given  attention  to  iiri,  that  it  eO"*!**  no  mon 
to  arraoge  materials  in  effective  and  pJei»* 
ing  fonuf*.  than  to  pile  them  in  the  hhupi- 
less  niiisscs  that  attract  the  eye.  We  tuu^ 
at  once  dismiss  the  assert  ion  that  beauty  u 
costly  :  it  is  not  meretriciouifi  ornament  tliat 
is  advocated,  such  as  may  be  Accn  in  at  h&Ml 
one  of  the  latest  engineering  work«. 

What  I  ask  you  to  aspire  after  in  tBda 
engineering  works  upon  which  you  are  en- 
gaged, is  form,  in  the  teMthetic  iicn»irt,  in 
place  of  that  deformity  which  \>  '       ''^• 

cast  around   us,  in    which  the    1 
necr  hiLs   hitherto  gU»rified    hioi  :. 

wlucU  he  would  seem  to  wibh  l«'  I 

tkdfy  sheer  fitrength,  which  in  li  ' 

he   sees   to   be    ineompatihle  wi  ^  ' 

outline.  Let  the  engineer  abr 
refuse  to  entertain  the  thought  t 
t ion  for  the  beautiful  it*  hencaih  him  at  a 
man,  or  derogatory  to  the  digniLvAtid  ehai^ 
aoter  of  his  race  ;  for  ijuring  all  unifot  ihoM 
r»cu§  which  made  themselvc-s  fumuu*  for 
their  prowess  and  thoir  majesty,  their  powwr 
alike  over  matter  and  mind,  w*'n>  rH|u«llj 
renowned  for  the  beauty  and  for  thf  m«gitili* 
ccnce   of  their  public  works — i*  f^u- 

m  en  t s  of  g lo  ry  by  w h  i  ch ,  h  Is  tory  , .  -aa 

DOW  alone  judge  of  their  ariaiocriMjy  id  »o». 
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IIEATIXG  AND  VEXTIUTIOX. 

CoiB|iiled  from  the  Ute  report  of  A I  ban  C  Stimen, 
K>q.y  on  the  VentiUtion  of  the  llall  of  ihe  U.  6. 
Ht'Oce  of  Repre«en  tat  ires. 

Tbo  term  ventilation  when  applied  to  a 
hall  uf  this  importance  blioiild  signify  the 
product  ion  and  maintenance  within  doors  of 
pure  air,  properly  tempered  with  heat  and 
iuoi>ture,  regardless  of  the  existing  state  of 
the  weather.  A  consideration  of  the  subject 
b»  ihtTftore  properly  divisible  into  the  follow- 
ing heails : 

1.  The  quantity  of  air  necessary  and  how 
it  should  be    introduced. 

'2.  Warming  and  moistening  the  air  in  cold 
weather. 

3.  Cooling  and  drying  the  air  in  hot 
Weather. 

The  subject  of  regulating  the  degree  of 
moisture  in  the  air  when  it  is  neither  wann- 
ed D<>r  cooled,  is  naturally  involved  in  the 
above. 

TuE  Air  Supply. — A  cubic  foot  of  air 
at  a  trui]>erature  of  0;*)"  with  the  dew-point 
at  h'l^  will  absorb  '2\  grains  of  vapor.  Kaoh 
person  exhales  15  grains  of  vapor  per  minute, 
and  al>n  requires  |  cubic  foot  for  breathing, 
=0|  cubic  feet  of  air  vitiated  by  each  per- 
fiCA  JUT  minute. 

In  supplying  air  for  the  ventilation  of  such 
a  hall,  it  is  abMilutely  essential  that  the  direc- 
tiipn  nf  the  current  should  be  vertical ;  otlier- 
wiM^  that  which  has  been  vitiated  by  one 
p^T-iin  will  be  given  to  another.  If  this 
envfli.jMr  of  vitiated  air  be  drawn  upward, 
thf  n'»sc  and  mouth  will  be  always  sujjplied 
with  ii,  no  matter  hnw  ])ure  the  air  may  be 
on**  f«M»t  away  ;  while,  if  it  is  drawn  down- 
WAnl,  fli^se  nrgans  will  always  be  supplied 
with  ]iuri'  air.  The  temperature  of  the  iiu- 
nj:in  bfidy  rarely  varies  "2.°  either  way  from 
0*''.  If,  therefon*,  the  air  is  supilied  at  a 
tempt-rature  <»f  tiT)",  it  will  be  5i2°  eo«der 
than  the  iKidy  ;  with  the  downward  current 
th>-  lesid  will  be  in  this  cool  air,  while  the 
f*-.*  will  be  enclosed  in  an  atmosphere  nearly 
it  not  tjuite  as  warm  a^  the  blood  within 
thrus.  And  to  *'  ket'p  the  lu^ad  cool  and  the 
f*«r  warm  ''  is  one  of  the  fundamental  rules 
of  hytrii.Mie  as  well  as  of  comfort.  A  cur- 
rent of  uir  coming  up  throu^rh  the  floor  will 
alviay-  carry  the  tine  dust  which  the  greatest 
cap  i-aiinot  jTevent  a<*eumulating.  With 
downward  ventilation  it  is  only  necessary 
thai  thr  dust  >hall  be  thoroughly  removed 
from  the  inflowing  air  at  the  mouth  of  the 
iuJvt  tu  keep  the  liall  free  from  dust.     Again  : 


with  upward  ventilation,  the  entire  hall  is 
tilled  with  vitiated  air,  the  vitiation  having 
taken  jdace  near  the  point  of  admission ; 
while  with  downward  ventilation  the  vitijition 
takes  ]ilace  near  the  point  of  exit,  and  the 
whole  upper  part  is  full  of  pure  air. 

During  the  downward  movement  of  the 
body  of  air  in  a  high  room,  all  eddying  cur- 
rents, induced  by  the  increased  velocity 
through  the  apertures,  become  quiet,  and  the 
wh(de  mass  descends  with  a  uniformity  im- 
possible to  obtain  in  the  vicinity  of  the  per- 
sons ventilated  with  upward  currents ;  and 
(me  of  the  most  important  ccmsiderations  to 
be  kept  in  view  in  ventilating  an  apartment 
is  to  avoid  ])erccptible  draughts.  The  only 
limit  to  the  amount  of  air  that  can  be  ad- 
vantageously supplied,  is  the  avoidance  of 
sensible  currents.  Most  people  can  feel  a 
current  having  a  velocity  of  150  ft.  per 
minute ;  very  few  can  perceive  one  of  90  ft. 
The  maximum  velocity  proposed  in  this  case 
is  50  ft.,  and  the  hall  being  189J  X  9IH't.  in 
plan,  the  quantity  of  air  required  would  bo 
1)47,000  cubic  feet  jier  minute. 

The  first  method  adopted  by  engineers  and 
architects  to  give  movement  to  air,   for  the 
ventilation  of  mines  and   buildings,   was   to 
heat  an  ujiflowing  column,  thus  lessening  its 
specific  gravity  and  causing  it  to  rise  with 
corresponding  force.     That   system   is   still 
eiuployed   in  the   IJritish  houses  of  J'arlia- 
I  ment.     It  has  been  practically  demonstrated, 
'  however,  that  one  pound   of  coal  burned  in 
the  furnace  of  a  sleam  boiler,  which  furnishes 
steam  to  drive  a  fan  blower,  will  generate  as 
much  force,  and  eouseipiently  is   capable   of 
producing  as  strong  a  current  of  air,  as  158 
pounds  expended  in  heating  a  column  of  air 
I  to  act  l»y  its  diminished  gravity.      Mngli>h 
I  engineers  commenced  about  t(?n  y«'ars  ago  to 
apply  fan  Vdow ts  to  th<M'entilation  of  min(^»«. 
The    French    had    pieviously   ar^jpte  I   this 
practice.     In  addititm  to  theeconomy  of  this 
method,  the  conqlete  control  which  the  at- 
tendant   is    enatdcd    to    maintain    ow  r    tlu^ 
:  (|uantity  of  air  s'ipplied  at  all  times,  is  found 

■  to  hv  of  gua!  adantage. 

■  To  propil  the  air  into  fhis  hall  it    is  pro- 
r  posed    to   place   four   fan   blowers,   having  a 
I  capacity  of  -OiK<  00  (■u})ic  feet  ju^r  minute 
I  each,  in  the  cellar  ;  thence  the  air  j»as-cs  up 
I  through  shafts  to  the  chamber  above  rlic  ceil- 
'  ing.      1 1  ere  would  be  placed  an  additional  [Mail- 
ing of  plate  gla^^^antl  iron,of  doul  le  thickness, 
that  it  might  be  a  non-conductor  of  heat,  and 
above  this  the  gas  liurners.     T1;C   air  wouhl 

[thus  be  thoroughly  distributed  o\e;  the  ceil- 
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iiig  before  pas^sing  into  the  hall.  Such  open- 
iijgs  through  the  prc-i'-'Ut  felling  would  bo 
providctl,  that  hs  [)re,Heut  ornamentiil  ajipear- 
[icri;  would  nut  ha  changod,  and  an  equal 
irca  of  opening  would  be  obtained  lu  each  of  j  puj^a  away  by  the  drain  through  a  tr?*^ 
the  Vi'y  t^quare'*  into  which  it  itidtvitJed.    Tt*,  the  bottom  of  thi.'^  vertical  open^' 


air  would  have  to  rub  in  pasijing  iiu 

forcible  contract  would  transfer  lli     ■ 
the  air   to   the   wjiter.     The    m 
would  fall    to   the   bott«un   of  the    d  ^ 


tUi 


insure  the  eoutinaanee  of  the  air  thus  ad- 
nutted,  in  a  direct  vertical  line  dow^n  to  the 
floor  there  would  be  frcMpient  openings 
throughout  their  extent,  which  should  com- 
luunieate  to  the  air-chamber  beneath  the 
Hoor.  The  air  from  thi.s  chamber  would  be 
withdrawn  by  mean.i  of  four  fan-blowers  of 
Cfjual    diincii>ions    with    those   employed    to 


Ifi  ft.  in  diameter  would  extend  h<  ^ 
the  blowers  in  the  cellar  no  enelo8cd  a.- 
their  air  w^holly  from  thi?ii  Mourct*.     1 
nel  if*  15  feet  in  diameter,  and  the   top  «rf  tt 
pa.Hses  10  feet  below  the   lowest  point  uf  tk 
foundation**  of  the  build ing. 

Warminu  the  Am  in  Cold  Wi 
— There  are  three  metluKls  in   couin 


drive  the  air  in.  From  the  blowers  the  I  tbr  warming  air  ;  by  pa'^^in?  it  over,  l>t,  ixua 
air  passes  up  through  a  separate  duct,  by  |  surface**  heated  directly  by  tire  ;2d,  iron  |.tj»w 
the  side  of  tho  pure  air  duct  already  nn?n-t  fiji^d  with  steam;  and  8d»  iron  pij^>  tilled 
tioned,  and  gw.s  off  through  the  roof.-^jwith  hot  water.  The  fir^t  method  in  nm- 
All  these  blower^*  would  be  driven  by  one  i  j^ifiered  highly  objectionable  in  fir^l  clasl 
pair   of  engines  of  750  h.   p.,   through    the  .  hiiildinfff*.     When  air  18  brought  in  eenlttfl 


njcdiuni  of  apjiropriate  gearing*  shaftn  and 
bettw.  In  every  case  nf  gearing  there  wtHild 
be  wooden  teeth  working  iuto  a  cut  mettil  gear, 
which,  may  be  made  to  run  with  perfect 
silence,  aud  is*  more  durable  than  metal  gear- 
ing. IJy  running  all  the  blow^ers  from  une 
engine,  a  uniform  relation  of  the  forces  exn- 
ployed  in  different  localities  is  necured. 

Merely  forcing  fresh  air  in,  would  drive 
tlic  tV(ul  air  out,  but  tlu?  would  uio&tly  occur 
ihrtMigh  the  nearest  aud  easiest  passage^j,  i<o 
thai  the  fresh  air  would  not  be  properly  dis- 
tributed* Simply  drawing  air  out  would 
cau.se  in-currents  from  all  doors  and  windows 
as  well  as  from  the  intendeil  supply  duet, 
ExccsiJ  of  either  induct  it  ►n  or  withdrawing 
forces  would  tend  to  produce  the^e  respective 
re&iult8.  The  only  perfect  dii^tribution  of 
the  air  will  result  from  having  the  tilling  and 
exhau^tIug  forces  the  same. 

The  present   place  of  admitting  tho  air, 


with  highly  lieated  iroti  MurtWeu,  ti-^pceiallf 
ruiity  surfacjcs,  an  unpleanant  odor  »ud  fm» 
ing  are  imparted  to  it,  from  the  de«K»m|»Ofh 
tion  of  those  animoniacal  watti^n^  wIm-  **  '*"■ 
always  found  more  or  lesB  in  the  at  mi 
and  from  its  extreme  dryuen**,  Zinc  nuuii-  to 
arc  a  great  improvement  over  iron,  in  lliid 
respect,  but  block  tin  l^  considered  the  best 
material,  as  it  resist.^  atmosftherie  iufluicUf?«i  ' 
better  than  any  other  of  the  u^teful  mctak. 
The  means  here  recommended  nff  ptiir 
block  tin  tubes  iillcd  with   hot  n-h 

tube  being  10  feet  long  by  Ig  iip  U 

diameter  aud  secured  into  htiis^  tuiH -i,  ■  ! 
m  the  same  manner  a^i  in  the  surfa  <  n- 
denser  of  a  marine  engine.  Thej  o|K*n  at 
each  end  into  steam-tight  chambers ;  int*»  the 
upper  chamber  steam  from  the  boilen*  \h  intitv 
duced,  and  from  the  lower  one  water  indrawn 
off  by  apf»ropriatc  pipes.  It  will  be  usJor^ 
stood    that   with   thisi  arrangement    lh*»  ap- 


near  the  ground,  i.-*  very  objectionable.  Even  i  P^ratu^  may  be  a  steam  heater,  or.  if  the  »iif- 
adniinsion  by  high  towers  would  not  secure  |  ^^^<^  i^^  enlarged  enough  to  warm  the  air  with 
air  free  from  dust.  The  plan  here  proposed  I  li^Jt  water,  the  steam  will  hv  condensed  in  the 
l-^  to  sink  a   shaft  25  ft.    in    diameter,   5ome   "H't^t*  chamber^*,  hot  water  filling  the  boltom 

of  the  tubes  and  the  lower  clianibefe**  A 
valve  in  the  pipi)  through  which  the  water 
fiow.H  away  would  control  the  rapidity  with 


iJliO  ft,  west  of  the  builditig,  in  a  small 
grove.  Over  it  would  be  erected  a  sub- 
blautial  acrceu,  22  feet  in  height,  and  simi- 
lar in  fonn  to  Hie  Capitol  dome.  It 
would  be  made  of  \  wire  of  pure  bloi;k 
tin,  that  it  might  be  durable  and  always 
clean.  The  meshes  would  be  about  I'j  inch. 
Over  the  top  of  this  there  would  be  a  revolv 


which  it  was  drawn  off  and  comieijuently  it# 
temperature.  In  ordinarily  cold  weather 
this  would  be  a  hot  water  warming  spptir** 
tuH,  but  upon  any  extremely  cold  day  il 
would  become  a  8team  heating  apptiratUB  li 


ing  lountain  with  four  jets,  which  would  pro-  I  tti^"  attendant  opened  the  reguktuig  valvo  in 
ject  downward,  throw  i^nmll  streams  of  water  |  *'**-"  dram  pipe, 

with  lorce  upon  the  wire  work  of  the  screen  J        MiusTKNixci     THK    Air. — The    water' 
and  keep  every  wire  eovere<l  with  an  envelope   thrown  off  by  tho  human  body,  e\  Jiporatcn  in 
of  clean  water ,  against  which  iha  entering  the  surrouudiug  air.     The  rapidity  of  itiU 
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imporation  ia  dependent  entirely  upon  how 
r  the  condition  of  the  aiih  in  rogurd  to 
012* t lire  is  removed  from  the  point  of  satura- 
XI.  In  eaj«e  the  evaporation  from  our 
KlieA  i:»  too  rapid,  the  »kin  becomes  too  dry, 
id  this  again  induces  too  rapid  a  flow  of 
e  water  within  the  system  toward  the  sur- 
ee,  making  us  uncomfortable,  and  some- 
nes  ill.  Evaporation  is  also  a  cooling  pro- 
M.      This  is  explained  by  the  absorption 

the  latent  heat  which  occurs  u^ton  the  con- 
Tsiun  of  a  liquid  into  a  vapor.  On  the 
her  hand,  if  the  evaporation  is  too  sluggish, 
«  flow  of  water  toward  the  surface  is  re- 
jded  and  we  are  made  uncomfortable  and 
metimcB  ill  in  another  way  ;  also,  if  the 
T  is  of  the  proper  temperature,  we  are  un- 
imfortably  warm,  the  general  feeling  being 
escribed  by  the  term  '*  muggy.*'  It  is 
ighlj  important,  therefore,  that  the  proper 
loisture  of  the  air  should  be  maintained  in 
aj  system  of  ventilation. 

An  authority  on  this  subject*  says  :  **Air 
diangcd  in  temperature  by  warming,  toithout 
mriued  nuMSture,  produces  unpleasant  sensa- 
tions in  the  head  and  chest,  etc.  The  objec- 
tion lies  against  heated  air,  no  matter  how 
kated.  The  only  way  that  hot  air  can  be 
made  healthful,  is  by  an  effectual  plan  of 
Artificial  evaporation."  Professor  Henry  says 
on  thL)  subject :  '*  The  heating  af  the  air 
and  preserving  it  at  the  desired  temperature 
is  the  simplest  part  of  the  problem  ;  to  re- 
move the  impure  air  and  to  supply  its  place 
with  fresh  air,  without  giving  rise  to  un])lea- 
lant  currents  and  unetiual  tem|)erature  is  more 
difficult ;  to  i^upply  the  proper  (quantity  of 
ffloi»ture  and  to  prevent  its  condensation  is 
attended  with  still  greater  difficulty,  par- 
ticularly when  apartments  containing  a  large 
Dumber  of  persons  are  to  be  thoroughly  ven- 
tilated. This  part  of  the  general  problem 
u>i  in  my  opinion,  an  Chsential  element  of 
prupi*r  ventilation,  although  it  has  hitherto 
received  comparatively  but  little  attention  in 
this  rountry." 

Mr.  25 timers*  plan  for  moistening  the  air 
is  by  placing  in  the  air  duet,  a  system  of 
water  pi|»es,  10  in  number,  each  liO  feet  l<mg, 
lying  h<irizontally,  lengthwise  of  the  duet, 
and  distributed  throughout  its  cross  section 
so  %n  to  equally  divide  it  up.  In  each  of 
these  pipes  there  would  be  a  great  number 
of  minute  holes  extending  all  around  the 
circuDiforence  and  throughout  the  length. 
The  water  driven  into  these  pipes  with  force 

*Dr.  Toamani  Iland-book  of  Social  Selenee. 


would  spin  out  of  these  holes  radially  from 
each  pipe,  filling  the  entire  duct  with  a  fine 
shower. 

The  ** relative  humidity"  of  the  air  is 
the  percent um  which  the  amount  of  moisture 
in  the  air  is,  of  that  necessary  to  saturate  it 
at  the  same  temperature.  A  relative  humid- 
ity of  65,  with  a  temperature  of  ^b**,  is  as- 
sumed ;  this  corresponds  with 

4^  grains  of  water  per  cubic  foot  of  air. 
A  lenslon  of  0.4  in.  of  mercury. 
A  depth  of  o\  in.  of  water  on  the  earth. 
A  break  bc^tweea  the  wet  aud  dry  bulb  thermo- 
meters of  6^*',  and 
A  dew  innnt  of  b^"^. 

The  lowest  degree  of  humidity  of  the  ex- 
ternal air  of  Washington,  as  reported  by 
Dr.  Wetherell,  was  1.11  grains  per  cubic 
foot.  Assuming  one  grain  for  the  base  of 
calculation,  there  will  have  to  be  added  3. J 
grains  per  cubic  foot  to  give  it  a  relative 
humidity  of  65  when  at  a  temperature  of 
65",  and  as  there  are  7,000  troy  grains  in 
one  pound  avoirdupois,  80,000  cubic  feet  of 

.„  .     80,0t)0  X  3J         .^  , 

air  will  require  — --^  .^u^-     =  40  pounds 

of  water  per  minute. 

The  temperature  of  the  water  would 
probably  be  about  40".  This  would  have 
to  be  warmed  to  65",  and  be  supplied  with 
the  latent  heat  necessary  to  form  it  into  va- 
por at  that  temperature. 

To  ascertain  how  much  the  air  must  be 
superheated  for  this  purpose — 

Let  9  =  8p<'ciflc  heat  of  air  as  compared 

with  water =  0.2C69 

V  =  volume  of  air  in  ottbic  feet . . . .  =  80,000 
IT  =  weight  of  air  in  lbs.  per  c.  ft. .  =  0.075 

t  =  temperature  from  wliich  water 

is  raised =  40** 

V  =  temperature  to  which  water  is 

rai.sed =  G5^ 

/  =  latent    heat  of  steam   at   that 

temperature =  1070** 

pr=  weight  of  water  to  be  absorbed 

in  pounds =40 

X  =  numl>er  of  degrees  the  air  must  btr  heated 
above  <)0^,  in  order  that  it  may  be  at  that  tempe- 
rature after  it  has  dis.solved  tlie  moisture. 

The„»'('+''.-'>=x  =  27''. 

8VU) 

The  temperature  to  which  the  air  must  be 
raised,  under  the  above  conditions  of  the 
weather,  before  it  is  moistened,  would  there- 
fore, be — 

66**  4-  27"*  =  02*'. 

To  determine  the  extent  of  surface  re- 
quired for  the  warming  tubes — 

Let  P  =  temi>crature  of  water  in  tubes  =  192** 
T  =  temiKTature  of  air  after  heat- 
ing     =92<> 
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Lei  I  =  to  I  upf  nit  tire  of  exieriml  air, .  =  2fl**       \  The  mldhionjil  oxttjiit  wbicU  the  air  mint  I 
C  =  vnluine  of  air  m  oiiUie  fett,. .  =  80,000 
S  =  stirtace  of  tubes  in  wpuire  feul. 


Then  ,0045  C  ^^~^i_%^^=  S 
and  S  =  4'I/jS2  stjuaro  foet. 

Eiioh  tuV»e  being  10  feet  long  by  1|  innh 
diameter,  wotUii  havo  a  surfju'c  of  2,9j.rjuare 
fi-et.  There  wcmld,  therefore,  be  rerjuired 
15,37*3  tubes.  These  are  divided  into  eight 
several  cod  peri  es,  for  cf>n  veil  ie  nee  of  con- 
structt(»n,  with  1,92*2  tubes  in  each.  It  is 
proposed  to  arrange  iiidii'ators  m  the  engine 
room,  fiio  that  the  engineer  would  alway.^ 
know  the  exiiet  teuiperuture  and  moi.sturc  in 
the  hall,  and  could  regulate  the  heat  and 
water  aceordingly. 

ConLiNo  ANn*  Drying  the  Air  in  Hot 
Weatfikr. — An  attemjH  has  been  made  to 
cool  the  Jiir  of  this  ball  with  ice.  Some  two 
tons  of  ice  were  nicUed  in  the  air-duct  dur- 
inj^  each  day  of  about  five  liours,  Hay  80 0 
pounds  per  hour.  The  f|uantity  of  air  paj^s- 
irig  through  the  duct,  per  niinule,  wai3*2i,300 
cubic  feet. 

The  tt-mpeniture  of  the  ice  was,  my 25*^ 

That  cif  I  lie  Hati^r  of  comiensatiou  was,  say,     i\0° 
The  InttMit  heal  oC  i\w  ictMM 14tr 

To  determine  how  much  the  air  would  be 
cooled  by  mcltinj^  the  ice — 

Lot  t  =  tciupeniture  of  tlic  ice ^=    25 ** 

I' =  Itiiupertiture  t*f  th«   water  of 

coTKlensntTon =    60^ 

/  =  IfltiMU  \h>M  .»f  ice =  140** 

«  =e  specmc  hf  at  of  air =  /JH*30 

te  ==  wi^ijTfht  oC  air  per  cuhic  foot. .  =  .075 
t»  =  volume  of  air  in  enbic  feet.,,  =  24,300 
W  =  wpi^iht  oriee  melted  fKT  min.,  =  13| 
X  =  nutiibiT  *if  flejfreca  the  uir  would  bt*  cooled 

by  the  melting  of  the  ice. 


Then 


=  jr^43^ 


As,  however,  the  air  thrown  in  by  the 
blower  was  niixcd  up  with  that  whirdi  flowed 
into  the  hall  through  the  open  door^,  the 
teniperalurc  of  the  bnll  wan  only  reduced 
about  (me  degree  by  the  melting  ice. 

Taking  the  maximum  temperature  at  95**, 

and  the    maximum   nioit^ture    in  the  air  at 

nine    grains  per  cubic  foot;  to  reduce  the 

temperature  to  75**,  and  the  relative  humid- 

itv  to  Q^t  we  must  abstract  three  grains  of 

,        w    ^    ,  80,000X8 

water  from  each  cubic  toot,  or  — ^—^^^^ — 

=  St.S  pounds  from  the  whole  quantity  per 
minute.  At  the  moment  uf  the  condeiiita- 
tion  of  this  water,  from  a  vapor  into  a  lif|ind, 
lu  latent  heat  is  given  out  into  the  air;  so  that 
I  tern  OVID  g  the  vapor  is  a  warming  process. 


cooled    to  conffiensatc  for  this  is 
by  the  formula — 

*  r  Uf 

Where  W  =?  the  wciRhr  of  water  m  n»«  ==  UJi 
I  =  latent  Ik'hI  of  the  rupHir..  ^  Ift 
t  =  speciHc  heat  of  «fr, , . . 
V  ==^  vuluiue  of  air  in  cnbic  ft.,  =1 
tp  =  wiMgUt  of  air  jKrr  culiic  fl,,  =3  ,l|(l 
X  =  the  Jiu ruber  orilein-ws  the. air  vJl| 

warmed  by  the  condeiisutiun  o!  Ihc  vapor. 
With  the  ab*>ve  vahica,  x  =  il''. 

The  entire  cooling  effect  must,  th 
be  equivalent  to  44°.     This  would 
24,000  pounds  of  ice  to  be  melted  per  t 
or,  say,  GO  tons  per  daily   bos&ion  of 
bourfi. 

Coal  IS  cheaper  than  ice  per  too,  ati^  *' 
couveuiently  stored  and  handled.  Of' 
of  the  above  quantity  burned  in  the  \ 
of  a  steam-boiler  will  prnduce,  thnu 
medium  of  appropriate  mechaui>i 
cooling  effect  upon  the  air.  ^l 
operated  by  the  steam  engine  for  tin  ui; 
facture  of  ice,  which  produce  cold  by  pui 
log  off  the  vay  or  of  sulphuric  ether,  or 
the  bi^iulphide  of  carbon  ;  these  liquidf  t|- 
porixiug  rapidly  at  biw  temperatures  if  tht 
pressure  of  the  superiucututent  atmuApherQ 
i»e  removed ;  but  the  enipluynieut  of  *ack 
substances  w(mld  be  inaduusjsible  in  eoolmg 
the  air  for  ventilation,  as  a  slight  leak  iQ 
even  one  of  the  many  necessary  tubcjt  would 
impair  the  purity  of  the  atr  to  a  f^ctutihli 
and  objectionable  extent. 

Mr.  S timers,  therefore,  propo««e«  to  «■• 
ploy  the  steam  power  to  drive  air-pumps  to 
compress  a  portion  of  the  air,  making  it  hwl, 
and  while  under  this  pressure  to  ei>ol  it  dfiwn 
to  the  ordinary  temperature  by  pa^^Ming  it 
thnnigh  tubes  surrounded  by  fl^iwing  water, 
(employing  an  apparatus  preeij*<?ly  like  thu 
surface  condenser  of  a  steam  engine,)  and 
then  let  it  expand  into  the  duet,  Thid  ei* 
pansion  would  be  a  cooling  proce&*  exaetlj 
correspond in<r  in  extent  to  the  beating  one 
the  air  underwent  when  it  was  oomprti!»!M9d, 
and  by  mixing  tbi'^  excessively  cold  air  wilk 
tlko  warm  air  from  the  blowers,  the  whole 
would  be  brought  to  the  desired  temperature. 

It  is  mechanically  convenient,  in  a  ma* 
eblne  of  this  kind,  to  compress  two  volumct 
of  air  into  one,  in  the  pump?.  To  b^a^m 
h<iw  much  such  an  amount  of  compression 
would  elevate  the  temperature,  a  forniuU  in 
given  by  Peclet*,  m  follows  : 


*  TrttU<d€  La  ChaUur;  loau  tU,p.  la. 
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=  teraprrature  before  compression  (Centi- 

jrraiUO . 
=  *lt*!isiiy  before  compression. 
=  u-miKTature  after  compression. 
=  ilcusity  ullLer  compressi(»:i. 
0.42 

ff  =  {27^  +  0)  (A.\  —274. 

bis  case 

0  =  35«  (=  95*^  Fahr.) 
d  =1 

Qsequcntly 

ff  =  189.44°  Cent,  or  288*»  Fahr. 

i  elevation  of  the  temperature  would 
•  Fahr. 

ind  how  cold  the  air  will  be  after  its 
ion,  we  have 

f  -»-  274 

6  =  {'-r]  —  274. 


'=(4) 


iming  20  lbs.  pressure  in  the  air  oon- 
,  and  75**  Fahr.  (23.89^  C.)  tempera- 
f  the  water:  as  the  heat  was  ab- 
d  from  the  air  it  would  be  further 
scd  -fiu  part  with  the  departure  of 
dditional  degree,  the  pressure  being 
ined  ;  hence  we  would  have 

ff  =  23.89 
d  =    1. 

d'  =  li:'+^?  =  2.86, 
14.7 

ice  ^  =  —  CO.  12*  Cent,  or  —  87''  Fahr. 

I  would  be  a  reduction  from  its  origi- 
^mpe^ature  of  182®.  This  being 
y  more  than  four  times  the  amount  of 
r  force  it  i«  necessary  to  apply  to  the 
quantity  of  air  furnished,  one-fourth 
i  amount,  or  20,000  cubic  feet,  will 
B  to  l»e  pa.«8ed  through  the  pumps. 
imeusions  of  the  air-pumps  and  en- 
K-ill  be  as  follows : 

r  of  pumps 2 

er  of  pUtons Co  inches. 

«»f  plMons C  feet. 

«tr*»k«*s  per  minute 40 

er  of  steam  eylinrlers 45  inolies. 

pri.!«siire 40  lbs. 

fl«»ctlve  Hteam  pressure 20  lbs. 

(lower 1,200. 

he  cold  air  was  simply  conveyed  to ; 
^•dnct  and  mixed  with  the  warm  air  I 
:he  }>lowers,  it  would  be  cooled  down  : 
the  desired  temperature,  and  a  por- 1 
'  the  moisture  it  is  desirable  to  ab- ', 
would  be  condenstMl  in  the  form  of  a 
I  carried  along  with  the  air  into  the 
hich  would  thuu*  be  filled  with  a  cold, 


damp  air,  highly  objectionable.  It  is  neces- 
sary, therefore,  to  have  the  cold  air  intro- 
duced in  a  peculiar  manner,  such  that  not 
only  may  the  moisture  be  abstracted,  but 
that  the  exact  amount  removed  may  be  sub- 
ject of  convenient  and  easy  regulation  by 
the  engineer  in  the  engine-room.  The  char- 
acter of  this  regulation  must  necessarily  be 
that  the  power  exerted  by  the  engine  sliall 
determine  the  extent  of  the  cooling  force, 
and  that  the  amount  of  this  which  shall  be 
devoted  to  reducing  the  temperature  of  the 
air,  and  that  which  is  devoted  to  abstracting 
the  moisture,  shall  be  subject  to  a  regulat- 
ing lever,  or  hand-wheel ;  so  that  if  the  en- 
gineer moves  this  in  one  direction,  the  air 
will  be  made  cooler  and  more  moist,  and  if 
in  the  other,  it  is  made  warmer  and  dryer, 
the  cooling  engine  continuing  to  run  at  the 
same  rate. 

To  accomplish  this  it  is  proposed  to  erect, 
in  each  of  the  two  cooling  and  drying  cham- 
bers of  the  air  ducts,  a  congeries  of  tubes 
somewhat  similar  to  those  employed  for 
warming  the  air  in  cold  weather,  only  there 
would  be  an  additional  chamber,  or  chest, 
at  mid-height ;  in  fact,  two  systems  of  tubes, 
one  above  the  other ;  in  other  words,  it 
would  be  two  stories  high.  In  the  two  up- 
per chambers  there  would  be  openings  iu 
the  bottom  in  all  the  spaces  between  the 
rows  of  tubes  ;  these  openings  controlled  by 
valves,  and  the  valves  appropriately  con- 
nected with  hand-levers  in  the  engine  room; 
there  being  one  for  a  system  of  valves  which 
would  control  the  openings  in  every  third 
space  between  the  rows,  and  one  for  those  in 
the  remaining  spaces.  The  aggregate  area 
of  the  openings  in  the  lesser  system  should 
equal  the  area  of  the  pipe  which  brings  the 
compressed  air  from  the  cooling  engine  ; 
those  in  the  other  spaces,  being  of  the  same 
dimensions,  would  have  in  the  aggregate 
twioe  this  area.  Then  the  compressed  air 
should  be  conveyed  by  a  pipe  from  the  cool- 
ing engine  to  the  lowest  ohamber,  thence  it 
would  flow  upward  through  the  tubes  into 
the  upper  chambers,  then  downward  through 
the  openings  into  the  spaocs  between  the 
tubes.  The  operation  of  this  arrangement 
would  be  as  follows  : 

Lot  us  imagine  a  condition  of  the  exter- 
nal air  such  as  has  been  assumed  for  a  max- 
imum performance  of  the  cooling  engine. 
In  this  case  let  the  openings  in  two-thirds 
the  spaces  between  the  tubes  be  closed,  and 
those  in  the  remaining  spaces  be  wide  open; 
the  area  of  the  whole  being  such  that  il 
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would  require  a  pressure  of  20  pounds  per !  tent   to  which   the  teamperaturr 
Rquure  inch  to  drive  all  the  air  supplied  by  'diieed  in  the  cold  spaces,  and,  r 
the  pumps  through  theru.     It  will   bo    per-   the  amount  of  raoi^ture  will  be  coM 
oetved  that  the    pressure   throuijhout,  from 
the  pumps  to  the  exit,  will  he  UU  pounds  per 
Bfpiare    iueh,  and  tliat,   therefore,   the  tem- 
perature  will    he   inatutained  at   75*^  while 


iht»  air  passes  through  the  tubes.  As  the 
compressed  air  pours  down  between  the  two 
rows  of  tubes,  aud  expands  to  the  ordinary 
fttmospherio  pressure,  its  temperature  will 
fall  so  iiuddenly  that  the  moisture  within  it 
will  be  condensed,  and  part  of  it  frozen  into 
mi  note  hatL  The  nuitu  portion  of  the  air 
from  the  blowers  will  pass  through  the  re- 
Ti»uining  spaees  between  the  tubes,  and  as 
they  are  onl}"  one-eighth  of  an  ineh  apart  in 
the  rows,  they  form,  in  effect,  walls  of  sepa- 
ration between  the  warm  and  the  cold  air 
A  suflaeiunt  rjuantity  of  the  air  from  the 
blowers  will,  however,  pas.^  into  the  cooled 
epace«  to  carry  forward  the  hail  storm 
raging  there,  and  as  the  hail  and  condensed 
moiiiture  are  carried  along  f  he  narrow  spaces 
tboy  will  come  in  contact  with  the  surfaces 
of  the  tubes  and  be  deposited  upon  them. 
The  temperature  of  these  will  he  too  low  U\ 
vaporize  the  moisture,  but  warm  enough  to 
melt  the  hail,  and  the  wati»r  will  run  down 
them,  as  it  does  along  the  sides  of  an  ice- 
water  pitcher,  to  the  bottom  lube-sheet, 
wheiice  it  wi^ll  pass  off  in  proper  drains  pre- 
pared for  it. 

If  the  warm  air  issued  from  the  dryer 
with  the  same  velocity  as  the  cold,  exactly 
One-third  of  the  whole  amount  wouhl  be  ex- 
cessively cooled,  and  nearly  all  its  moisture 


and  extracted. 

To  enable  the  engineer  in  ch 
tro]  the  condition  of  the  air  deli 
I  hall,    it   is   propojied   to  place    ptpr 
three  inches  in  diameter,  and   pro|  - 
cased  with  a  non-conductor,  from  the 
duct,  from  the  tempering  ducts  ju*t  ?" 
the  moit*teners,  and  from  the  hall; 
them  through  a  convenient  pUce  iu  lu^^ 
gine  room,   for  observation,  to  the  bi 
openings  in  the  blowers,  which  would 
a  rajiid  flow  of  air  through  them,  having ! 
exact  condition  existing  at  the      * 
the  pipes.      Into  each  of  these  [ 
pass   through  the  engine  room,  iIk' 
dry  bulbs  of  a  hygrosei»y»e  would  1:k?  ^ 
which  should   plainly  indicate  the  r 
ture  and  degree  of  moisturt^  in  the  .i 
ing  through  the  pipes. 

The  method  here  recommended  f  tr  *Uxm 
the  air  when  it  is  too  nioint,  or  wh 
made   so    by   reducing    its    temper  > 
simply  the  adoption  u|ion  a  small   i  ' 
cient  ?icale  nf  that  employed   by  nuiur*   m 
effecting  similtir  changes  of  weather. 

Cost. — The  actual  cost  of  the  coitipUll 
apparatus  described,  is  estimated  by  Mr. 
8 timers  at  g688»<553.  Tho  foUowiug  m 
some  of  the  items  : 


Eight  blowers  and  shafting  for  200,000  c* 
h ,  per  min,  each » • 

Piiir  uf  engiiiea  7*jO  II,  P.,  with  wood^ir 
(Ij-wht'cl,  erected  complete.  •.....»•• 

Four  boikTs,  with  13,744  «i»  ft.  surface, 
and  of  1,370  U.  P, 

lUmting  uppiftitus.    with    44,582  9n\.  fl. 


extracted;  but  the  great  velocity  with  which 

the  compressed  air  will  pour  into  the  spaces  j     hh»ck  tin  tube  surfnec,  with  steam  and 

between     the     tubes,     having     only     to    bo  I      waiter  Il^|R^1  and  valves 

changed   in   its  direction   by  the   horizontal    P^i^  ^'f,^<>n;l5»''ing  engmes  of  1^ 

^      *  1      ,  ,  '.,1  .1  -  ,         P"t  with  A3  in,  Bteam  cvliiidt-ra,  u 

current  from  the  blowers,  will  flow  out  with 


•n.m 

STEAM  Farming  Power. — It  w  bui 
very  few  years  since  a  portable  eH|Hn<i 
actly  one-third  ii£  the  amount  it  is  desired  to'  for  farm  use  was  a  curiosity,  nor  is  it  porrrj 
extract.  The  necessary  reduction  will  be  i  long  since  such  a  thing  was  unheard  of.  N'cwr, 
made  by  slightly  opening  the  valves  in  the  we  find  a  single  establishment  e4ipablc  of 
remaining  spaces;  the  imme<liate  effect  of;  turning  out  a  thousand  yearly,  of  a  4ctfi|^ 
which  will  be  to  cool  down  all  the  tubes  by  and  tinish  equal  to  the  best  locomottte  prnr* 
causing  a  partial  expansion  of  the  air  within  I  tice.  There  are  at  least  four  tiiakerK  in  Liu* 
them;  so  that  the  warm  air  will  be  cooled  coin  alonci  owe  of  them  having  magnidc«iil 
somewhat  by  coming  in  contact  with  the  I  works.  More  than  15,U'tQ  portable  vtigiiiotf 
tube«.  in  addition  to  having  some  of  the  cold  |  are  known  to  have  been  sent  uut  tlnritig  tbia 
wi  iwued  With  it.     This  will  le^ssca  the  ex-  |  last  eighteeu  years, — Engineering. 


const deraldy  greater  velocity  than  the  warm 
air  from  the  remaining  spaces;  so  that; 
fiiomcthing  more  than  one-third  of  the  moist- 
ure contained  in  the  whole  amount  of  air 
will  be  deposited  upon  the  tubes  and  carried 
away.      In  the  case  under  consideration,  ex- 


iu.    air  cylinders,   ♦]    fl,    ittrokc  stiiti  u 
cooker  With  9,000  sq.  f».  brass  tulje  *ur- 

faec,  erected  complete. . . ,  ♦ 

Drying  apparaUis,  with  6,670 sq  ft.  block 
tin  luhu  eiirface,  witli  vulves,  complete, 
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FASTENiNQ  Cast  Steel  Driving 
TvRES.  —  The  following  rules,  for 
shrinking  on  cast  st^ol  tyres,  were  issued 
by  W.  A.  Hobinsou,  Mechanical  Superin- 
tendent of  the  Great  Western  (Canada) 
Bailway : 

Ist.  Both  tyre  and  wheel  must  be  per- 
fectly cylindrical. 

2d.  ThcHO  tyres  are  to  have  allowed,  in 
.  their  cold   state,  the  amount  of  shrinkage 
ihown  in  the  following  table,  according  to 
Ikeir  respective  diameters : 

^         >        S     •       '      ALLOW AKCE  FOR  SHRINKAGE. 


'S  >% 

1  = 

■-1    1_ 

Decimal 
imrtsot'au 

Fractional 
parts  of  an 

Wire 

inch. 

inch. 

Ft.  In. 

2    2i 

!     .014583 

l-r,o 

28 

2    8 

'     .017 

1-56 

27 

/->    9 

1     .0183 

l-."i4 

26 

3     2 

'     .021 

1-49 

25 

8    H 

.0225 

1-44 

24 

:    3    8 

•     .024 

1-41 

23 

4     3i 

.028472 

1-35 

2i 

4    7 

.     .0305 

l-:i3 

21 

4    8 

'     .OSl 

1-32 

21 

o    2} 

:     ,a345d3 

1-29 

20 

5    3 

i     .035 

2-57 

20 

5    71 

.0377083 

2-53 

20 

5    9 

i     .0383 

1-26 

19 

A 
B 
C 
D 
£ 
F 
G 
H 
J 
K 
L 
M 
X 

o 


iit\,  WoojI  only  is  to  be  used  to  heat  the 
tyros,  anil  temperature  must  not  be  allowed 
to  excoed  a  dark  red  glow  in  the  shade,  and 
all  {>arts  must  be  heated  ciiually  to  insure 
niiifi»rm  hardness  and  roundness.  To  facili- 
itate  the  operation,  each  foreman  is  provided 
with  a  set  of  steel  gauges  corresponding  to 
the  above  ^gixroi.-- American  Railway  Times. 


STEEL  Rails,  Tyres  and  Fire  Boxes. 
— The  last  report  of  Mr.  Sayre,  Superin- 
tendent and  Engineer  of  the  Lehigh  Val- 
ley Railroad,  treats  those  subjects  as 
follows:  **  I  have  seen  no  reason  to  change 
my  opinion  of  the  value  of  steel  rails  as 
eompared  with  iron  ;  another  year's  wear 
ha«  made  no  perceptible  impression  upon  the 
20-P  tons,  the  first  of  which  was  laid  in  May, 
18*>4,  none  of  which  have  broken  or  given 
oat  tfinco  last  report.  These  rails  have  had 
ft  fevcrc  test,  being  in  those  places  in  the 
track  where  they  are  subject  to  the  greatest 
wear,  and  being  laid  with  a  chair  which  is 
marh  inferior  to  the  most  approved  joint 
BOW  in  use.     •     *    *    There  is  do  longer 


any  possible  doubt  as  to  the  superiority  of 
steel  over  iron  in  economy,  as  in  every  other 
respect."  The  report  goes  on  to  say  that  a 
large  additional  quantity  of  steel  rails  and 
a  few  steel  headed  rails  have  been  con- 
tracted for. 

As  to  steel  tyres,  the  report  say:  "The 
experience  of  the  past  year  has  confirmed 
our  favorable  opinion  of  steel  tyres.  There 
were  on  the  road  at  date  of  last  report  57 
locomotives  furnished  with  steel  tyres. "  This 
number  has  now  been  increased  by  19  en- 
gines. *'  Although  in  one  or  two  instances 
they  have  not  done  as  well  as  we  could  wish, 
yet  none  of  those  of  reliable  manufacturers 
have  failed,  and  the  result  in  general  has  been 
very  satisfactory.  **  The  steel  tyres  of  engine 
No.  25  put  on  December,  1868,  have  made 
106,185  miles  and  are  good  still.  . 

There  were  steel  fire  boxes  on  14  en- 
gines at  the  date  of  former  report.  *'  All 
have  given  good  satisfaction  during  the 
year  except  those  of  engines  50  and  51, 
which  were  not  of  good  quality  and  have 
given  us  continual  trouble.  We  now 
have  in  use  20  fire  boxes  of  steel.  The  first 
one,  put  in  January,  1862,  is  still  good. 
All  the  engines  contracted  for,  or  which 
we  build  ourselves,  are  furnished  with  steel 
fire  boxes  and  tyres." 


The  Darien  Ship  Canal. — By  Mr. 
I  Cushing's  mission,  all  political  obstacles 
to  the  construction  of  this  great  work  are 
removed  ;  it  is  understood  that  American 
engineers  have  secured  from  the  (iovern- 
ment  of  New  Granada,  both  the  right  of  >Nur- 
vey  and  the  right  of  way  across  the  Isthmus. 
A  company  including  Peter  Cooper,  31  ar- 
shall  O.  Roberts,  Win.  U,  Vandcrbilt  and 
other  equally  well  known  capitalists,  was 
chartered  by  the  New  York  Legislature  last 
winter,  and  have  since  become  fully  organ- 
ized as  a  joint  stock  company  to  undertake 
the  work. 

Many  routes  have  been  surveyed,  but  that 
from  the  Gulf  of  San  Miguel  to  Caledonia 
Bay,  and  the  one  from  Bayone  River  to  the 
(lulf  of  San  Bias  have  appeared  nM>st  feasi- 
ble. The  latter  route  has  deep  and  spacious 
harbors  and  would  require  but  30  miles  of 
canal.  The  tunnel  through  the  Conlilloras 
would  bo  seven  miles  long,  100  ft.  wide  and 
115  ft.  high  to  allow  steamers  to  pass,  and 
even  a  first-cla.ss  man-of-war,  with  her  top- 
mast and  top-gal lantmast  struck  uud  her 
yards  braced. 
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THE  IIOOSAC  TUNNEL 

Tlie  contract  for  this  work,  between  tlie 
Mes>r.s.  Shanl}'  and  the  State,  iiiaile  Doe.  'J4, 
ISiJS,  is  piihlisheil  in  full  in  the  "  American 
Railway  Times''  of  Jan.  30,  18G9.  The 
tunnel,  central  tfhaft  and  one  track  are  to  be 
completed  by  March  1,  1874;  the  price  to  be 
paid  is  84,r)U4,2G8.  A  delay  in  the  rate  of 
pro«rres8  through  the  most  difficult  part  is 
provided  for,  but  the  final  delay  must  not  ex- 
ceed ti'ix  months,  and  if  the  State  decides 
that  the  contractors  are  not  making  the 
necessary  average  progress,  it  may  give  them 


meet  central  working,  archincr  part  of  the  tun* 
nel  with  brick  (4,\  million  bricks  to  W  us<''l),« 
and  the  end  with  stone,  having  a  suitable 
facade,  anil  biyin;:  drain  and  track  a>  uhove. 
The  State  gives  the  contractors  the  u«;  of 
all  plant,  tools,  &c.,  on  hand. 

As  a  more  rapid  progress  of  the  work  ii 
required  than  drilling  by  baud  laW  would 
accomplish,  upon  each  of  the  advance  head- 
ings, between  the  east  portal  and  west  fhixh, 
the  contractors  will  be  re(|uired  to  use 
pneumatic  drills,  working  continuouf^ly  not 
less  then  eight  drills  to  a  heading  of  ei^ 
feet  height,  with  not  less  than  50  lb  air 


three  months'  notice  to  quit*the  work.     No  j  pressure,  but  with  the  liberty  to  employ  tlie 
payment  is  to  be  made  to  the  contractors' form  of  machine  now  in  use  in  the  tunnel, or 


until  they  have  earned  8500,000  ;  but  20  per 
cent,  of  the  monthly  amounts  of  pay  earned  is 
to  1)0  reserved  fur  final  payment  on  comple- 
tion  of  the   whole   work ;  and,  for  80 


any  other  drill  of  equal  ellicicucy  which  they 
may  prefer  and  provide  at  their  own  cxpcDM. 
The  prices  for  the  work,  fixed  to  determine 


whole  work  ;  and,  for  80  per  the  monthly  amounts  earned,  are  as  follows 

cent,  of  each  monthly  amount,  certificates  in    Tunnel  enlargement,  per  jard |I6  (• 

the  sum  of  8200,000  each,  bearing  five  per  cent    HcadinK  enlargement  ea^t  end,  per  yard. . 
:.w.  « V  ♦    ,-     i     1      •  1  1  A      i_  •  3    •       Heading  enlargement  went  end,  per  yard., 

interest   are  to  be  issued,  ami  to   be  paid   in  .  KuUmzc  tunnel  extension  east  end.  pr  yard 

the  order  of  their  issue  as  often   as  it  shall    ''  "  '-   " ' * "— '  — '  - 

appear  that  the  contractors  have  earned  so 
much  that  after  reserving  the  20  per  cent., 
the  State  will  still  retain  in  all,  8500,000. 
The  intention  is  that  the  State  shall  make  no 
payment  which  will  at  any  time  reduce  its 
sctrurity  from  the  reserved  fund  of  20  per 
cent,  below  the  said  half  million  dollars. 

The  Hize  of  the  tunnel,  in  rock,  is  24  feet 
clear  width  and  20  feet  height;  where  arch- 
ing is  required,  2(5  feet  wide  and  21 J  feet 
high.  Tlie  central  drain  is  2  feet  s(}uarc. 
At  the  east  end,  the  work  done  is  2,500  i^riiE  Pitch  Lake  of  Trinidad  ever  and 
feet  of  tunnel,  part  of  which  is  full  size,  and  j  1    anon  claims  the  attention  of  the  puldic. 


Full  size  tunnel  cxteniiion  central  fection, 
per  yard 

Full  :«izc tunnel  exten.«ion  west  end,  prynrd 

Central  drain  with  air  und  water  pipcf 
ouniplete,  per  lineal  foot    

Sinking  i'lmft  (27X15  ft  ),  {lerfoot  in  depth 

Pipe:*  (10  in.)  8et  in  f haft  depth 

Arching  with  brick  (at  $K  perM.)  per  M.. 

Exuitvuting  and  cnnHtrucling  uU  linear  fU 
of  .^tone  aroh  and  tilling. 2.^,000  M 

The  extreme  length  of  the  tunnel  will  be 

about  4  J  miles,  of  which  some  three  miles 

are  yet  to  be  excavated. 


9  01 

UN 

12  M 

13  M 

6N 

22  01 

2,782  feet  of  heading ;  the  work  to  be 
done  is  tunnel  enlargement  4,500  yards, 
hviading  enlargement  28,000  yards,  tunnel 
extension  5,;i00  feet  long=8r),I00  yards, 
trench  and  pipes  5,000  feet  long,  and  the  rail- 


At  one  time  it  is  introduced  art  the  hource 
from  which  all  the  varieties  of  mineral  oil, 
paraffine  and  asphaltum  can  be  obtained. 
At  another  period  it  is  to  be  empb>yed  to  give 
greater  illuminating  power  to  our  coal-^'as 


road  track.  At  the  central  .section  the  work  I  and  some  experiments  of  tho  Hon.  Caprain 
done  is  sinking  583  feet  of  elliptical  shaft  27  i  Cochrane,  made  at  Woolwich,  were  hi;rhly 
by  15  feet;  the  woric  to  be  done  is  to  make  |  favorable.  Now  we  have  the  pitch  of  Trin- 
a  lire-prouf  floor  with  self-closing  iron  '  dad  cmning  before  us  as  an  ingredient  in 
hatches,  to  sink  the  shaft  to  a  depth  of  l.OoO  |  artiGcial  fuel  f  ir  steamers.  The  bitumen  is 
feet  (floor  of  tunnel)  to  set  up  two  ten-inch  |  mixed  with  a  certain  (|uantity  of  charcoal  :  it 
iron  pipes  for  power  and  ventilation,  and  to  i  is  ground,  and  then  made  into  bricks.  Kz* 
excavate  the  tunnel  east  and  west  to  meet  j  periments  made  on  board  H. M.S.  "  Gannct," 
the  end  workings,  with  drain  and  track.  Tiio  j  appeared  to  show  that  it  possessed  many 
work  done  at  the  west  end  is  a  shaft  ol8  I  valuable  properties,  but  the  amount  of  ash, 
feet  deep,  8  by  14  feet,  and  headings  fn>m  arising  from  the  earthy  matter  mixed  with 
it  1,600  feet  ea.st  and  westward  to  the  |  the  petroleum,  was  somewhat  objectionable, 
west  end,  a  pumping  shaft  277  feet  deep,  ■  This  can,  however,  in  all  probability,  bo 
and  an  auxiliary  shaft  215  feet  deep.  The  |  obviated  by  greater  attention  in  the  process 
Work  to  be  done  is  enlarging  the  headings  |  of  manufacture. — Quarterly  Journal  of 
(52,1^00  yards),  extending  the  tunnel  east  to  {^'cie.'ice. 
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MINING- 

TATTON   OP    HEALTH    AND   LIFE — 

31INING  MACHINERY, 
the  *<  Qsarterlj  Journal  of  Seienee." 

liortness  of  the  average  duration  of 
9  life  has  often  been  the  subject  of 

serious  consideration.  The  Royal 
lion,  of  which  Lord  Kinnaird  was 
riuan,  made  this  portion  of  their  in- 
nust  searching  one.  It  is  clear,  from 
lence  given  by  medical  men  and 
hat  the  metalliferous  miner  suffers 
I  from  climbing  on  the  perpendicular 
from  great  depths,  from  working  in 
ient  in  oxygen,  and  from  the  severe 
boring  holes  for  blasting  in  confined 
The  constrained  position  of  the  man 
ting  the  borer,"  and  the  muscular 
icessarj  to  deliver  the  heavy  blow, 
Tiously  upon  the  heart  and  lungs 
liner  has  been  relieved  to  some  ex- 
ni  the  effects  of  climbing,  by  the 
tion  of  the  **  man-engine"  (a  mova- 

with  platforms  fixed  upon  it,  by 
c  miner  is  gradually  lifted — without 
to  himself — from  any  depth  to  the 
The  ventilation  of  the  mines  gen- 
las  been  improved,  but  it  is  only 
be  present  year  that  any  actual  ex- 
t  has  been  made  in  the  mines  on  the 
achines  for  boring  holes,  worked  by 
sed  air  or  steam.  We  have  been 
upon  application,  with  the  following 

We  are  glad  to  place  this  on 
u»  the  commencement  of  an  applica- 
iiachinery  to  a  most  important  pur- 
Ve  have  no  doubt  that  in  a  short 
>rin^-machines  will  be  generally 
in  our  metal  mines. 

nj?*«  rock-horing  engine  liaa  been  worked 
j-i  fAthom  level  in  Tincroft  Mine,  con- 
ith  another,  from  the  Hth  of  January  up 
'M'nt  time,  and  has  driveir  sixteen  futhoma 
TiQ  Capei,  which  Captain  Teague  con- 
:>u!d  cost  20/.  per  fathom  if  driven  by 
•T.  During  the  greater  part  of  this  time, 
nonce  ofthe  air-pumps  getting  couHtantly 
pair,  the  machine  was  only  worked  by 
t)  ci>r(»a  of  two  men;  and  continuous 
rith  three  corps,  comprising  five  men  and 

only  commenced  on  the  Glh  of  July, 
s  date  nearly  nine  fathoms  of  ground 
n  dri%'en,  at  a  cost  of  17/.  10*.  2d.  per 

The  following  is  the  cost  of  working  the 
luring  the  last  month  : 

£.  *.  rf. 
;r«  and  one  boy 24    0    0 

0  irmove  rubbish 2    0    0 

lemen  at  surface GOO 

1  and  bov 5    5    0 

C.  I.— No.  4—23. 


£    s,  d. 

Oil ,  waste,  and  candles 8    9  0 

Ciun-cottou  for  blasting 4  10  0 

Vwms 0    7  6 

Sundries 0    8  0 

Coals 6    0  0 

Repairs 2    0  0 

£68  14  6* 


"In  the  above  estimate  the  sum  of  21/.  5«.  is 
for  expenses  at  the  surface,  which  would  be  but 
slightly  increased  if  three  ends  wore  driven  instead 
of  one — say  about  2/.  15«.  This  would  reduce  the 
average  cost  per  fathom  18/.  9«.  lOd,,  instead  of 
17/.  18t.  2d.  During  these  last  three  months  one 
corps  has  been  worked  by  one  man  and  a  boy, 
and  the  result  has  shown  that  they  will  drive  at 
much  ground  with  the  machine  as  two  men  could 
do  in  the  same  time.    (Signed)  F.  B.DaeaiNO." 

We  find,  during  a  recent  visit  to  the  Com* 
ish  mines,  that  the  patentee  is  offering  to 
contract  for  sinking  shafts  and  driving  levela 
upon  such  terms  as  will,  without  doubt,  in* 
duce  many  mine  adventurers  at  once  to  closa 
engagements  with  him. 

General  Haupt*s  machine  for  boring  is 
about  to  be  introduced  into  the  lead  mines 
of  Swaledale,  in  Yorkshire ;  and  Mr.  Lowe's 
machine  is  in  use  in  several  large  railway 
cuttings  and  tunnels. 

Our  miners  must  (in  consequence  of  im« 
proved  mining  abroad)  direct  their  attention 
towards  the  application  of  machinery,  so  as 
to  economize  in  every  direction — not  merely 
in  the  subterranean  mining,  but  in  all  the 
surface  operations.  Necessity — the  mother 
of  invention — has  already  done  much  in  this 
way  ;  but  there  is  yet  ample  room  for  very 
considerable  improvement  in  the  modes  of 
working  our  mines,  and  in  the  methods  of 
dressing  the  ores  for  the  market. 

In  connection  with  this  subject  we  may 
name — as  we  do  with  satisfaction — the  in« 
creased  desire  on  the  part  of  the  Cornish 
miners  to  avail  themselves  of  the  many  ad- 
vantages offered  to  them  by  the  Science 
Classes  of  the  *'  Miners'  Association  of 
Cornwall  and  Devonshire."  We  learn  that 
four  classes  are  now  in  operation  in  the  min* 
iiig  districts  around  Hel^ton,  in  which  sixty 
working  miners  are  proving  themselves  apt 
students  of  Chemistry,  Mineralogy,  Geology 
and  Mechanics.  One  class  of  nearly  thirty 
is  no  less  actively  engaged  at  Redruth, 
another  in  the  mining  parish  of  Gwennap, 
while  a  seventh  have  been  recently  been 
formed  in  the  northern  portion  of  the  impor- 
tant mineral  district  of  St.  Just.  The  ad- 
vantages which  must  result  from  these 
classes  will,  ore  long,  be  felt  in  the  improve* 
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lucnt  of  mining  and  in  the  elevatiou  of  the 
tniiiera. 

The  explosions  of  fire-damp  in  rotho  of  the 
eiKtl  mines  of  France  Las  naturally  drawn 
attention  to  the  suhject  of  ventilation.  M. 
^Giily-Cazalat,  who  ha.'^  brought  the  matter 
"before  tiie  Aead^niie  des  Seicnoes»  prtijioftics 
the  construction  af  vertical  air-pit**,  llie  pur- 
pone  of  which  would  be  to  draw  off  the  vnT- 
bn retted  hydrogen  as  rapi<Iiy  a»  it  i.-^  formed, 
and  thtts  prevent  its  mixing  with  the  air  of 
the  mine.  These  *' cheminees  (V aspiraUo7i,^' 
as  he  ealia  them,  will  tsearcely  ref|uire  very 
epeeiitl  description,  the  whole  plan  really  re- 
solving itself  into  a  greatly  inereaf^ed  num- 
ber of  shafts*  by  which  the  air  in  every  part 
of  the  mine  maybe  rapidly  change  J.  There 
«An  be  little  doubt  that  great  advantages 
would  arUe  from  such  a  system :  hut  in  the 
(large  and  deep  collieries  of  this  comitry 
'  there  ax'e  many  serious  ditKoukicH  standing 
m  the  way  of  its  introduction. 

M.  Delaurier  haa  brought  before  the 
Aoademy  nf  Sciences  a  plan  for  destroying 
fire-damp  in  coal-mines.  He  proposes^  to 
place  copper  conductors  of  considerable 
tlncknetis  in  the  gallciics;  these  are  to  bo 
broken  at  intervals,  and  united  by  means  of 
Very  ih  n  gold  wire,  which  \^  to  he  covered 
With  sulphur.  By  parsing  a  strong  current 
of  electricity  through  tho^e  conductors,  the 
©nlphur  is  ignited,  and  if  any  fire-damp  be 
present  it  will  he  fired.  This  idea  is  by  no 
meana  new.  The  Academy  is  i>aid  to  have 
•poken  approvingly  of  the  proposed  plan; 
but  all  coincided  in  the  opinion  that  regular 
ftnd  powerful  means  of  ventilation  could  in 
90  case  be  dispensed  with.  The  eonihustion 
€f  the  Jire^damp  would  produce  choke  da mp^ 
"which  it  would  be  necessary  to  remove. 
This  plan,  like  many  others  which  are  from 
Itiue  to  time  brought  forward,  evidently 
originated  with  one  who  was  but  imperfectly 
acijuainted  with  the  conditions  under  which 
fire-damp  U  formed  in  a  colliery. 


C(ALci7i.ATrNG  Aheas. — Mr.  J.  L.   Had- 
f   don.  Chief  Engineer  to  The  Syrian  Irov* 
ernment,  communicates  to  "  the  Kngineer/* 
Ilia  method  of  simrkUfying  the  tiresome  caleu- 
lations  necessary  for  taking  out  areas,  more  es- 
pecially when  of  curved  or  irregular  nurfaees 
Principle, — Take   paper    of  good    maiiu- 
fketure  (tracing  or  otherwise )»  and  it  will  be 
fount!  that  ita  substance  is   very   accurately 
distributed  ;  any  one  square  inch  weighing 
.  prerisely  tho    same   as  any   other — even    in 
r^mmou  papers  it  varies  but  slightly t     The 


thicker  the  paper  for  my  fnirpwc  the  brti 

Example* — Keqaired  to  find  the  are»| 
any  map. 

The  paper  on  which  Ihe  leap  is  dravi  if 
first  to  be  aceunit*rly  squared,  tbean^i 
of  computed  in  inches,  and    its    W'*ir^f 
curately  ascertained.      Nest    pr 
out    carefully  all    that  portion, 
which  is  rei[uired,  atid  wi.'igh  iha 
iis  the  weight  of  tlic  whole  i^  to  v    ^^ 
portion  cut  out,  so  are  their  respective 

Suppose  the  scale  of  map  to  20  mileaj 
lin» ,  eixe  of  map,    2Uin,    X  U*in.  = 
square  inches ;  weight   of  map,   say, 
grains.     Then  if  weight  of  piece  cut 
t,50()  grains,    the    area    of  it    will    be 
sfjuare  inches  or  3,U00  square  mile*. 

In  ca^es  where  the  plan  or  map  is*  Vihia* 
ble  and  it  is  not  advisable  to  destroy  jt,atnic» 
ing  of  the  part  required  ha**  to  l>cmadf%aii4 
the  same  process  gone  through  for  tiriviifig 
its  area. 

For  iron  sections,  earthwork  cakulalifiiii* 
agricultural  8urvey8»  etc.»  it  will  bo  fuuail 
mo^t  useful. 


loi 


SieiMANStTLT'HrR  Mink  '^^ 

ong  known.      More  than  Hn^  ^vt 

been  at  work,  and  at  least  200  worked  mi 
and  abarnioncd.  The  mining  is  of  thi'  n)i»»t 
primitive  character,  the  u^?c  of  niaritimry 
being  extremely  limited.  Not  le«5*  than 
22,<)U0  people  are  occupied  in  working  th<wf 
mines,  and  the  result  is  the  produetioo  of 
sulphur  to  the  value  of  not  lei»s  thao  IT** 
(iO(l,000  francs  per  annum.  The  6u)pfaiir 
ores  of  Spain  are  now  largely  im ported  iota 
England,  and  during  the  past  year,  not  1^/4 
than  50<l  tons  of  copper  have  been  separatal 
from  sulphur-ash,  after  the  sulphur  baa 
expelled  by  burning,  although  the  p^ 
iloci^  not  contain  more  than  from  I  Co  2 
cent,  of  that  metal. 


m 


i   fJRICirLTtTEAT.  IMPLEMENT  MrftEril.— 

-^l  Under  the  title  of  a  Pemmnent  KKhibi* 
tion  of  I  ji  vent  ions  and  ImprovcnienU,  a  new 
section  has  been  added  to  the  Musmim  «f 
Agriculture  in  Ilussiai  the  object  whitdi  t*  ta 
supply  those  who  have  invented  or  impit^vml 
agricultural  machines,  ira piemen te  or  mcti* 
ods,  with  ready  means  of  eonnnunicatuni 
with  agriculturists  and  the  public.  Th*»  ma* 
chines,  models,  plans  or  drawing?*  arc  to  \fe 
exhibited  gratis  for  six  months,  at  tho  ex* 
juration  of  which  time  they  will  be  futurntj 
to  the  inv<^ntorH  or  destniyed,  unle?«s  they 
should  have  boen  purchased  for  the  3lu«<!Uiii» 
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THE  PIG  ffiON  M.iXUFACTURE 

The  great  primary  want  of  the  manufac- 
irer  of  malleable  iron  and  steel,  is  better 
lalitie?  of  pig  iron,  such  as  can  be  produced 
om  blast  furnaces  of  the  most  approved  con- 
mctioii.  As  a  rule  it  may  be  net  down  that 
1  the  inferior  ore  and  fuels  may  be  worked 
I  produce  comparatively  good  results, 
ken  proper  attention  is  paid  to  the  details 
^construction  of  the  furnaces,  and  prcpar- 
ig  the  materials  for  use,  combined  with 
ullful  attention  to  the  details  of  the  manu- 


skillful  engineering  in  the  design  and  con- 
struction, produce  more  iron  per  week  than 
the  Ferry  Hill  furnaces,  although  considera- 
bly smaller.  A  large  portion  of  the  excel- 
lent results  of  these  furnaces  is  attributed 
to  the  use  of  superior  heating  stoves  for 
heating  the  blast,  known  as  Player's  patent. 
There  are  large  numbers  of  these  excellent 
stoves  at  each  of  the  above  works.  The  blast 
is  generally  heated  to  about  1,200^,  which  is 
maintained  with  great  regularity.  The  Nor- 
ton furnaces  were  designed  and  built  by 
John  Player,  an  engineer  of  considerable  ex- 


«tare.      Kvery    one    familiar     with    this  perience,  now  residing   in  New  York.     The 


ranch  of  science,  is  aware  that  the  iinpu- 
ties  contained  in  the  materials  are  to  some 
Uent  absorbed  in  the  metal  in  the  smelt- 
ig  operation,  and  that  in  numerous  in- 
mnces  the  fuel  is  very  impure  and  imparts  it^ 
eleterious  properties  to  the  pig  metal, 
[ence  it  must  be  obvious  that  any  means 


production  of  one  of  these  furnaces  is  nearly 
600  tons  per  week.  The  ores  average  42 
per  cent. 

The  commercial  value  of  the  improved 
furnaces,  as  compared  with  the  old  style  now 
obsclete  in  Cleveland,  is  so  great  that  up- 
wards  of  50  furnaces  in  good   repair,  are 


lat  will  promote  economy  in  the  use  of  fuel  |  abandoned  and  will  never  be  blown  in  again. 
ill  obviate  this  diihculty  to  the  extent  of;  Six  years  ago  many  furnaces  "blew  out," 
le  w&ving  of  the  fuel.     The  improvement  I  when  pig  iron  reached  65s,  per  ton  with  labor 


f  pig  iron  is  to  be  obtained  by  increased 
lie  and  height  of  the  furnace  and  by  the 
se  of  a  highly  heated,  uniform  temperature 
f  blast.  A  combination  of  these  improve- 
iCDts  are  necessary  to  obtain  the  best  re- 
alts,  for  it  has  been  found  that  with  the 


and  material  cheaper  than  they  now  are ; 
since  then  the  lurge  furnaces  have  been  put 
at  work  and  can  sell  pig  iron  at  a  profit  at 
40s.  per  ton.  At  many  works  in  the  United 
States,  by  remodeling  and  adding  the  Player 
stoves,  results  are  now  obtained  that  approxi- 


ame  temperature  of  blast,  in  furnaces  of!  mate  nearly  to  those  given  in  the  largo 
ifteen  feet  bosh,  given  materials  will  pro- f  English  furnaces;  this  is  to  be  attributed  to 
luce  inferior  qualities  of  metal,  while  by '  the  superiority  of  the  ores  and  fuel  used  here,, 
uiing  larger  furnaces  they  produce  improved  ,  more  especially  our  admirable  anthracite, 
Tades  of  inm  at  a  greatly  diminished  cost !  than  which  there  is  no  better  fuel  for  the 
»f  pro«luction.  To  illustrate  this  wc  give  the  manufacture  of  pig  iron,  excepting  of  course 
rorking  of  blast  furnaces  in  the  Cleveland  |  charcoal,  which  is  gradually  becoming 
iistrict  in  England,  u^ing  lean  ores  contain-  scarcer  every  year  and  is  left  out  generally 
Bg  Urge  percentages  of  sulphur  and  phospho- !  in  calculations  for  a  large  continued  busi- 
•ns,  and  as  a  rule  with  very  inferior  fuel.  I  ness.  There  are  also  many  instances 
\hout  six  years  ago  the  size  of  furnaces  in '  among  our  American  furnaces  (to  which 
his  district  varied  from  14  feet  to  IS  feet  we  shall  refer  in  detail  on  another  occa- 
)o«he9  and  about  50  feet  high ;  the  iron  was  :sion)  of  larger  production  and  improved 
infit  for  any   purpose   where  good  quality  quality,    due    to    the    improved    hot   blast 


ras  desired.  Since  the  high,  large  furnaces 
lave  been  adopted,  with  blast  heated  to 
l.OOO^  to  1.200°,  the  quality  has  improved 
o  such  an  extent  that  the  pig  is  now  used 


stove ;  the  reduction  of  fuel  in  some  in- 
stances is  said  to  be  50  per  cent  with  a 
corresponding  increase  in  the  production  of 
the  furnace  and  with   the  highest  grade   of 


or  almost  every  purpose  except  the  manu-  iron  where  only  ordinary  iron  was  previously 
Bcture  of  steel.     The  most  noted  and  sue-  made. 

;c8sful  examples  of  the  large  improved  fur- 1  The  advantages  of  large  furnaces  (when 
laces,  are  those  of  the  Norton  Iron  Co.  at  suited  to  the  materials)  over  smaller  ones 
Vorton,  England,  and  the  Ferry  Hill  fur- '  is  so  great  that  pig  inni  makers  should  no 
laces;  thoy  are  respectively  25  feet  boshes  longer  hazard  the  building  of  small  furnaces; 
uid  H5  feet  high,  and  27  feet  boshes  and  102  :  the  difference  in  the  cost  of  production  in 
feet  high.  These  furnaces  make  the  ton  of  two  years  will  clei^r  the  cost  of  the  large 
lest  foundry  iron  wTth  17  to  19  cwts.  of  j  furnace.  From  the  results  abroad,  and  the 
Mike.     The  Norton  furnaces,  owing  to  more  |  better  practice  just  beginning  here,  it  will 
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be  seen  that  improve  men  ts  actually  exist, 
which,  when  fully  .applied  to  this  industry  in 
America,will  revolutionize,  not  only  the  man- 
ufacture of  pig  iron,  but  the  manufacture 
of  cheap  and  good  malleable  iron  and  bteel. 

FLYING  MACHINES. 

PRINCIPLES — EXPERIMENTS — THE  LIGHT- 
EST STEAM  ENGINE. 

Condensed  from  a  paper  in  ihe  **  Popular  Science  Re- 
view," by  Fred.  W.  Brenrej,  Honorary  Secretary 
to  the  Aeronautical  Society  of  Great  Britain. 

In  its  normal  Htate,  the  air  is  inapplicable 
as  a  power,  but  it  is  capable  of  becoming  an 
overwhelming  power,  either  by  natural  or 
artificial  causes,  as  in  the  whirlwind  and 
tornado  or  by  rushing  forcibly  through  it,  as 
would  be  exemplified  were  the  sails  of  a 
windmill  rotated  rapidly  against  it.  Thus 
the  bird  may  create  for  itself  in  a  calm,  by 
the  agitation  of  its  wing-surface,  the  power 
which  supports  and  prolongs  its  flight  in  a 
horizontal  or  ascending  line  ;  but  is  also  capa- 
ble, in  the  calm  of  a  sultry  summer *s  day,  by 
the  mere  momentum  of  its  own  weight, 
of  gliding  for  an  immense  distance  upon 
an  unyielding  plane,  thus  converting  the 
inert  air  into  a  fulcrum  or  support.  In 
such  a  case,  two  only  of  the  three  requisites 
for  successful  flight  are  brought  into  action, 
viz,  surface  and  weight,  the  third,  fprce,  being 
held  in  reserve  for  extraordinary  occasions. 

There  can  be  no  question  in  dispute,  as  to 
the  possibility  of  so  manipulating  and  inclin- 
ing the  surface  of  a  descending  body,  as 
to  prolong  the  gliding  motion,  and  convert 
it  into  one  obedient  in  some  degree  to  the 
will  of  the  operator.  When  the  two  antag- 
onistic forces,  gravity  and  atmospheric  re- 
sistance, are  brought  into  oi)eration,  the 
result  is  a  course,  arrested  and  divert- 
ed in  some  direction,  either  by  what  we 
call  accident,  or  design.  Hitherto,  as  in  the 
case  of  the  parachute,  accidental  circum- 
stances have  alone  determined  the  deviation. 
It  has  been  the  great  desire  of  man  for  ages 
to  supply,  cither  in  his  own  person,  or  by  the 
aid  of  ap])aratus,  or  by  self-acting  machinery, 
♦he  third  requirement  for  flight,  viz,  force, 
which  may  enable  him  to  imi)el  a  plane  sur- 
face at  the  proper  angle  of  inclination  against 
the  air,  and  thus  to  nullify  the  eflect  of 
gravity. 

Necessarily,  the  relative  proportion  of 
sustaining  surface  to  weight,  and  of  power 
to  uphold  and  propel  that  weight,  have  oc- 
cupied much  attention.  '  Considerable  mis- 
conception has  existed  upon  these  two  points, 


and  to  this  is  mainly  due  the  tardy  proj^ren 
of  the  science  of  ati^ronautics.  In  England, 
the  subject  has  really  never  engaged  tLe  at- 
tention of  scientific  men,  except  under  the 
form  of  aerostation,  in  the  earlier  years  of  iti 
discovery.  There  have  ever  been  persLttctt 
believers,  and  experimenters,  and  in  the  in- 
fluential association  which  has  been  organiied 
under  the  name  of  the  ACironautical  Society 
of  Great  Britain,  embracing  amongst  itsso^ 
porters  some  of  the  first  scentific  men  of  the 
day,  with  the  Duke  of  Argyll  as  Presidett, 
the  subject  of  aeronautics  lias  been  elevated 
into  a  science. 

In  a  paper  by  M.  De  Lucy  of  Paris,  then 
is  detailed  the  result  of  actual  experimenti 
made  by  the  author,  with  a  view  of  deter- 
mining  the  extent  of  wing  surface  to  the 
weight  to  be  sustained,  and  of  the  force  re- 
quisite to  raise  and  impel  in  horizontal  flight 
The   author  asserts,  that  there    is   an  ui* 
changeable  law,  to  which  he  has  never  fmmd 
any  exception,  amongst  the  considerable  nun- 
ber  of  birds  and  insects,  whose  weight  and 
measurements  he  has  taken,   viz,  that  the 
smaller  and  lighter  the  winged  animal  is,  the 
greater  is  the  comparative  surface.     Thiu  in 
comparing    insects   with   one    another ;  the 
gnat,  which  weighs  460  times  less  than  the 
stag-beetle  has  14  times  greater  relative  sur- 
face.    The  lady-bird  which  weighs  150  times 
Jess  than  the  stag-beetle,  possesses  5  times 
more  relative  surface,  etc.     It   is  the  same 
with  birds.     The  sparrow  which  weighsaboat 
ten  times  less  than  the  pigeon,  has  twice  as 
much  relative  surface.     The   pigeon  which 
weighs  about  eight  times  less  than  the  stork, 
has   twice  as  much  relative   surface.     The 
sparrow   which   weighs  339   less    than  the 
Australian  crane,  possessess  seven  times  more 
relative  surface,  etc.     If  we  now  compare 
the  insects  and  the  birds,  the  gradation  will 
become  even  much  more  striking.     The  gnat, 
for  example,  which  weighs  97,000  times  less 
than  the  pigeon,  has  40  times  more  relative 
surface  ;  it  weighs  3,000,000  times  less  than 
the  crane  of  Australia,   and  possesses  rela- 
tively 140  times  more  surface  than  this  latter, 
which  is  the  heaviest  bird   the  author  had 
weighed,    and    it  was  that   which    had  the 
smallest  amount  of  surface,  the  weight  being 
20  lbs.  15  oz.  2\  dr.  avoirdupois,  and  the 
surface  (referred  to  the   kilogramme  *2  lbs. 
3.27  oz.)  139s<|uare  inches  ;  yet  of  all  travel- 
ing  birds,  they  undertake  the  longest  and 
most  remote  journeys,  and,  with  the  excep- 
tion of  the  eagle,  elevate  themselves  highest, 
and  maintain  flight  Ihe  longest. 
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M.  de  Lncy  remarks,  that  if  the  law  of 
irfiace  in  inverse  ratio  to  weight  be  regarded, 
te  cause  of  all  the  errors  which  have  been 
tmmitted  will  be  readily  understood  ;  for  a 
ftthematician  who  should  select  as  his  type 
i  excellent  bird  of  flight  such  as  the  swal- 
iw,  by  ascertaining  its  weight  and  surface, 
ill  apportion  nearly  one  meter  or  1,550  sq. 
I.  to  the  kilogramme,  and  consequently  75 
leters  for  a  man  of  75  kilogrammes,  that  is 
>  say,  aboat  165  lbs.  would  require  a  sur- 
ice  of  116,250  sq.  in.  Should  he  select  the 
igeon,  he  will  arrive  at  a  result  quite  dif- 
nent,  because  the  pigeon  being  heavier  than 
he  swallow  has  a  surface  relatively  smaller. 
Lccording  to  this  type,  he  would  arrive 
I  the  conclusion  that  only  20  meters  of 
arfacc  or  31,000  sq.  in.  would  be  rcqui- 
ite  for  a  man  of  the  same  weight.  The 
tzample  of  the  crane  of  Australia,  would 
i;iTe  to  a  man  a  surface  of  no  more  than  10,- 
$50  sq.  in.  Again,  should  he  select  a 
:ype  amongst  insects,  for  example  the 
l>liie  dragon-fly  whose  flight  is  so  rapid, 
be  would  discover  the  weight  to  be  rather 
M>re  than  ^  grain,  and  surface  nearly  f 
vf  a  iiquare  inch,  which  referred  to  the 
•elected  standard  of  comparison  would 
give  9,416  sq.  in.  and  for  the  man  705,800 
H|.  in.  Were  we  to  determine  the  amount 
of  sustaining  surface  requisite  for  the 
nan  from  some  of  the  butterfly  tribe,  whose 
wings  are  so  prodigiously  expanded  in 
Bomparison  with  their  weight,  we  should 
irrivc  at  results  so  much  in  excess  of  these 
dimensions,  that  the  construction  of  the  ap- 
paratus wonld  be  impossible. 

The  author  next  proceeds  to  state  that 
••  The  law  of  surface,  in  inverse  ratio  to 
weight,  would  naturallv  tend  to  lead  us  t( 
this  conclusion — viz :  tliat  the  heaviest-wing- 
ed animal,  having  the  least  surface,  ought  in 
return  to  possess  the  greatest  force."  But. 
he  proceeds  to  disprove  this  assumption,  by 
showing,  that  the  muscular  force  of  incfect'i 
is  much  greater  than  that  of  birds,  and  he 
adduces  various  well-known  instances.  Up- 
on the  supposition  that  his  facts,  and  the 
theory  founded  on  them,  are  corrpct,  it  will 
be  a  fair  hypothesis  to  assume  that  where 
large  wing-surface  is  given  to  insects,  the 
provision  is  accompanied  by  the  relative 
power  to  control  it,  in  compensation  for 
abiicnce  of  weight,  which  we  have  seen  is  du- 
ring descent  a  ptjwer  of  itself,  and  is  taken 
advantage  of  by  some  birds.in  gliding,  or  soar- 
ing against  a  breeze.  For  such  purposes. 
weight  is  a  necessity,  and  therefore  we  never 


see  any  similar  method  of  flight  in  the  wing- 
ed insect  tribe. 

The  first  recorded  and  scientifically  based 
attempt  to  connect  plane  surface  and  weight, 
in  relative  proportion  to  one  another,  was 
that  of  which  all  the  world  was  cognizant  in 
1842,  patented  by  Henson — a  plan  result- 
ing from  conversation  between  Ueuson  and 
Stringfellow.  **  The  amount  of  canvas  or 
oiled  silk  necessary  for  buoying  up  the  ma- 
chine, was  stated  to  be  equal  to  one  square 
foot  for  each  half  pound  weight,  the  whole 
apparatus  weighing  about  8,000  lbs.,  and  the 
area  of  surface  spread  out  to  support  it,  4,- 
500  square  feet  in  the  two  wings,  and  1,500 
in  the  tail,  making  altogether  6,000  square 
feet."  But  this  machine  was  never  con- 
structed ;  for  after  two  abortive  attempts  to 
manufacture  models,  which  should  represent 
the  dimensions  before-named,  the  two  invent- 
ors commenced  their  experiments  under  a 
variety  of  forms.  Mr.  Stringfellow  frequent- 
ly availed  himself  of  the  express  train,  tak- 
ing with  him  an  arrangement  for  testing  the 
resistance  of  different  angles  against  the  air, 
at  high  speed,  and  he  states  that  those  ex- 
periments only  tended  to  prove,  that  any 
guess-work  was  better  than  the  calculations 
hitherto  made  by  writers  on  the  subject.  In 
1844,  they  commenced  the  construction  of  a 
model  which  measured  twenty  feet  from  tip 
to  tip  of  wing,  by  three  and  a  half  feet 
wide,  giving  seventy  feet  of  sustaining  sur- 
face in  the  wings,  and  about  ten  more  in  the 
tail.  The  weight  was  from  twenty-five  to 
twenty-eight  pounds. 

An  inclined  plane  was  constructed,  down 
which  the  machine  was  to  glide,  ancl  it  was 
so  arranged  that  the  power  should  be  main- 
tained by  a  steam  engine,  working  two  four- 
bladed  propellers,  each  three  feet  in  dia- 
meter, at  a  rate  of  300  revolutions  per 
minute.  For  seven  weeks  the  two  exp3ri- 
nicntors  continued  their  labors.  In  the  lan- 
guage of  Mr.  Stringfellow:  **  The  machine 
was  saturated  with  wet  from  a  deposit  of  dew, 
so  that  anything  like  a  trial  was  impossible 
by  night.  1  did  not  consider  we  could  get 
the  silk  tight  and  rigid  enough.  Indeed,  the 
framework  altogether  was  too  weak.  The 
steam  engine  was  the  best  part.  Our  want 
of  success  was  not  for  want  of  power  or  sus- 
taining surface,  but  for  want  of  proper  adap- 
tation of  the  means  to  the  end  of  the  vari- 
ous parts."  Many  trials  by  day  down  in- 
clined wide  rails  showed  a  faulty  construction, 
and  its  lightness  proved  an  obstacle  to  its  suc- 
cessfully contending  with  the  ground  currents. 
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Shortly  after  tUift,  Mr.  Heoson  left  for] 
America,  and  >Ir.  SiringfelU>w,  tar  from  dis- 
couraged, renewed  alone  hin  expi?rimeiit».. 
In  1H4G  he  commenciHl  a  smaller  mud  el  for 
indoor  trial,  and,  although  very  imperfeet,  it 
W1W5  the  mortt  sueeeftsful  of  his  attempts.  The 
sustaining  planes  were  much  like  the  wiuga 
of  a  bird.  They  were  ten  feet  from  tip  to 
tip,  feathered  at  the  back  edge,  mid  curbed 
a  little  on  the  under  side.     The  plane  was 

*twi>  feet  across  at  its  widest  part  ;  sustaining 

fbnrface,  seventeen  square  feet ;  and  the  pro- 
filers were  sixteen  inchei^  in  diameter,  with 
?our  blades  oeuu[>ying  three-fourths  of  the 
art-a  of  circumference,  »et  at  an  angle  of  I 
»ixtv  degrees.  The  cylinder  of  the  hteam 
engine  was  three-fourths  of  an  inch  in  dia- 
meter ;  length  of  stroke,  two  inches  ;  bevel 
gear  on  crank  shaft,  giving  three  revolutions 
of  the  propellers  to  one  stroke  of  the  engine. 
The  weight  of  the  entire  model  and  engine 
was  six  pounds,  and  with  water  and  fuel,  it 
did  not  exceed  six  and  a  half  pounds. 

The  room  which  he  had  available  for  ex- 
periments did  not  measure  above  twenty-two 

[jards  in  length,  and  was  rather  contracttHl 

^u  height,  so  that  he  wan  obliged  to  keep  his 
itnrting  wires  very  low.  He  found,  Iiowever, 
upon  i^etting  hi?*  engine  in  motion,  thai  iii 
one-third  the  length  of  its  run  upon  the  ex- 
tended wire,  the  machine  was  enabled  to  svis- 

Ptain  itself ;  and  upon  Its  reaching  the  point 
self-detachment,  it  gradually  rose,  until  it 
reached  the  further  etid  of  the  room,  where 
tliere  was  canvas  fixed  to  receive  it,     It  fre- 

Plljucntly,  during  these  experiments,  rose  after 
leaving  the  wire,  as  mutdi  as   one  in   seven* 
le   afterwards   experimented    with    greater 
luccess  at  the  Cremorne  Gardens*     Having 

fti^w  demmist rated  the  practkabUity  of  mak- 
fing  a  stea/fi-enpne^i/,  «nd  finding  nothing 
"Tmt  ft  pecuniary  loss,  and  little  honor,  this  ex- 
perimenter rested  for  a   long  time,  satisfied 

%itU  what  he  had  effected. 

In  a  paper  read  by  Mr.  F.  H-  Wcnham» 
at  the  Society  of  Arts,  on  the  occasion  of  a 
meeting  of  the  Aeronautical  Society,  there 
uccurred  the  following  observation  :  "llav- 
ing  remarked  how  thin  a  stratum  of  air  is 
displaced  beneath  the  wings  of  a  bird  in 
rapid  flight,  it  follows,  that  in  order  to  obtain 
thr  lUM  .  ssriry  length  of  plane  for  supporting 
lujivy  w*  i^hts,  the  surfaces  may  be  super- 
posed, or  placed  in  parallel  rows,  with  an  in- 
terval between  thenj.  A  dosten  pelicans  may 
fly  <mc  above  the  other,  without  mututd  im- 
pediment, as  if  framed  together ;  and  it  if* 
thUji  showHt  how  two  hundredweight  may  be 


supported  to  a  transverse  distance  nf  ml]  I 

feet."     Mr.  Slringfcllow  1 

called  out  by  the  Aeronaut  r 

ly  grasped  this  idea  and  set 

ing  tfie   model  which   he    *_.  i  at 

Crystal  Palace  in  18G8.     This   model  (» 

tained  in  its  three  planes»  a  su**  ■' 

face  of  twenty-eight  square  fcef 

tail.     Its  weight,  with  engine,  t  v 

and  water,   was   under   twelve    pounib^    It 

possessed  in  its  ateam-engine  uue  ihiril 

the  power  of  a  horse,   and    its   weight 

only  that  of  a  goo^e^     It  will  be  seen, 

fure«  that  the  sustaining  surface  wm*^  w^m 

than  two  feet  to  the  pound,  alwLysi 

ing    that    the    system    of   ?inper;^o- 

planes,  was  efficiently  r< 

a  model,  which  may  n  a  ^ 

This  proportion  of  weight  to  suriacc  i^nere 

than  double  that  which  is  generally  till^w*  I 

to  be  necessary.     The    necessity,    l^ 

for  providing  even  for  as  little  a«  on^  ,-.m*m* 

for  every  st^uare  foot,  would  not  exist  if  i 

certain  speed  could  be  maintained. 

It  has  been  observed  by  aeveral  reportoi 
for  the  pret«s  that  the  model  showed  mh- 
cided  tendency  to  an  upward  cciu^e  <!«« 
ring  its  hundred  yards  run  at  the  Cryiial 
Haiace,  but  upon  farther  trial,  when  frm^ 
from  its  support  it  descended  au  incline  uttk 
apparent  lightness,  until  caught  in  tlie  caiif 
vas,  but  the  general  impression  eonrit' 
was  this — that  had  there  been  eufllieii^ni 
it  would  have  recovered  itself,  and  p 
ed  onwards.  Subsequently,  Mr,  i^t\ 
fellow  IcngtheLed  the  propellers,  and  ^diUi 
nine  feet  to  the  central  plane,    v'  Mih 

other  alterations,  decidedly  detc  \Im 

aijrittl  capabilities.  He  is  now  en^^ig^d  ill 
experimenting  with  a  view  of  ulnntatoty 
constructing  a  large  machine  that  would  bt 
suflEicieut  to  carry  a  person  to  guide  arud  con* 
duct  it.  On  this  &cale  he  would  avuid  many 
difficulties  which  are  inseparable  from  «inaU 
models* 

As  Mr.  Stringfellow  gained  the  pme  of 
£W^\  tor  ^' the  lighesl  steam-engine  in  ^ro- 
porticrn  to  itspoioer^^^  and  as  the  engini!  wliteh 
propelled  the  model  at  the  Cry&tal  Fala«« 
differed  from  that  but  in  dimensions,  we  af^ 
IMjnd  a  description  of  the  engine,  whiefc 
given  in  the  report  upon  Exhibition  po' 
ed  by  the  Aeronautical  Society  :  **  Thf  si 
engine  does  not  differ  from  an  ot 
except  in  the  precautions  to  ensm 
The  two-inch  cylinder  is  of  very  thin 
tube;  the  covers,  flanges  and  glandaam 
as  light  as  can  be   madei  cotiai«ieDitj   wttl 
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itrength ;  the  ports  and  passages  are  in  one 
icparate  piece,  screwed  on  ;  the  piston-rod 
iSHries  tbroaghoach  end  of  the  cylinder,  and 
by  meaDi)  of  long  connecting  rods,  works  in 
opposite  directions  two  cranks,  fitted  to  the 
axes  of  two  four-bladed  screws,  three  feet  in 
liameter ;  two  light  bars  extend  from  the 
ermnk-bhaft  down  each  side  of  the  cylinder  : 
Lkese  sustain  the  thrust  of  the  piston,  and  a 
framing  is  thus  almost  dispensed  with.  The 
boiler  consists  of  a  number  of  inrerted  cones. 
Bade  of  very  thin  sheet  copper,  with  the 
[otnta  soldered  with  silver  solder.  Each 
Dooc  is  closed  with  a  hemispherical  cap. 
The  cones  are  placed  in  parallel  rows ;  the 
bottom  endd,  or  apexes,  of  the  series  are  all 
Bimnected  together  by  water-tubes ;  and  from 
the  hemiifpherical  tops  a  small  steam  pipe 
ooiivcjs  the  steam  away  to  a  cylindrical 
chamber  above  the  system  :  this  is  set  in  the 
smoke-box,  and  serves  as  a  super-hcatcr,  and 
the  steam  is  quite  dried  therein.  The  cones 
sre  not  liable  to  prime,  as  the  water  surface 
for  the  escape  of  the  steam  is  extensive,  and 
the  steam  rises  clear  from  the  generating 
surfaces.  The  fire  space  between  the  bases 
being  large  and  free,  this  form  of  boiler  is 
particularly  well  adapted  for  burning  liquid 
fauls.  The  cylinder  is  two  inches  in  dia- 
meter, stroke  three  inches,  boiler  pressure 
1(H)  lbs.  per  sr^uare  inch.  The  engine  makes 
S^KJ  I  evolutions  per  minute.  In  three  minutes 
after  lighting  the  fuel,  the  pressure  was  30 
Ib:».;  lu  five  minutes,  50  lbs. ;  and  in  seven 
minutes  its  full  working  pressure  of  100  lbs., 
driving  two  four-bladed  screw  propellers, 
three  feet  in  diameter,  at  300  revolutions 
per  minute. 

Id  an  article  entitled  ^'Swimming  or  Fly- 
ing,'' contributed  to  the  "Times,"  (April  9, 
l^ti^,)  the  author  comments  upon  the  possi- 
bilit}'  f»f  man's  sustaining  himself  by  his  own 
muscular  exertion,  and  especially  refers  to 
Mr.  <Jharles  Speucer's  assertion  that  he  could 
not  only  effect  this  feat,  but  that  he  could 
sustain  flight  for  several  yards.  Mr.  Spencer 
u.jD'itructod  an  a))paratus,  and  by  its  means 
he  avers  that  he  has  proved,  that  llO  square 
feet  properly  disposed,  is  sufficient  to  sustain 
l'i>  Ibi.  weight.  With  such  an  apparatus, 
c«imposed  of  plane  and  wings,  ho  states,  that 
running  down  a  small  incline  in  the  open  air, 
and  jumping  from  the  ground,  he  has  by  the 
aeciun  of  the  wings,  sustained  flight  to  the 
extent  of  120  feet.  The  framework  of  this 
apparatus,  was  a  marvel  of  lightness  and 
itrength,  compsed  of  steel  umbrella  wires 
aad   wicker*work.     Length  of  tail,    18  ft.; 


width  at  the  end,  8  ft. ;  depth  of  keel  at  the 
en<l,  4  ft. ;  weight  of  tail,  15  lbs.  ;  area  of 
tail,  72  sq.  ft.  Length  of  wing,  7  ft. ;  wi<ith 
at  the  widest  part,  4  feet ;  area,  15  sq.  ft. ; 
weight,  lii  11).  ;  weight  of  the  whole — tail 
15  lbs. ;  wings,  3  lbs.  =  ISlhs. ;  weight  of 
himself,  10  stone,  and  sustaining  surface,  110 
sq.  ft. ;  total  weight  of  himself  and  appa- 
ratus, 158  lbs.  ;  making  not  quite  l^lb.  to 
the  square  foot.  Owing  to  the  wicker- 
work — which  is  made  to  fit  tight  round  the 
body — causing  pain,  and  otherwise  obstruct- 
ing his  movements,  he  was  unable  to  satisfy 
the  curiosity  of  the  public,  and  he  is  now 
reconstructing  that  portion,  and  substituting 
a  stronger  material  for  the  covering.  Ac- 
cording to  Do  Lucy's  theory  of  surface  in 
inverse  ratio  to  weight,  the  sustaining  sur- 
face, instead  of  being  110  square  feet,  need 
only  have  been  about  31  square  feet,  always 
supposing  that  the  surfiice  was  effectively 
disposed,  which  in  Spencer's  apparatus  may 
be  very  properly  questioned. 

We  come  now  to  the  description  of  an- 
other—Gibson's  machine.  Dissimilar  to  either 
of  the  foruier  inventions,  which  respectively 
consisted  of  plane — and  plane  with  wings — 
this  was  expected  to  obey  the  action  of  tho 
wings  alone.  The  mechanical  action  at  the 
command  of  the  operator  was  intended  to  be 
controlled  by  the  downward  pressure  of  each 
leg  alternately,  assisted  by  the  arms.  The 
machine  therefore  consisted  of  a  framework, 
to  which  were  attached  four  wings,  so  that  by 
pressure  upon  one  treadle,  two  flew  up  feather- 
ed, and  two  descended  with  an  impact  upoa 
the  air. 

In  a  previously  constructed  apparatus 
provided  with  two  wings  only,  Gibson  states 
that  a  man  weighing  10.^  stone  repeatedly 
raised  himself  from  the  ground  from  12  to 
18  inches,  but  that  he  could  not  sustain 
himself,  because  the  wings  being  so  heavy, 
he  was  not  able  to  repeat  the  stroke.  Kaeh 
wing  was  12  feet  long,  1 J  feet  across  at  the 
wider  part,  and  1  foot  at  the  narrower ;  sur- 
face of  both  wings  37  square  feet ;  weight 
of  each  wing,  10  lbs.  ;  frame  and  rods,  21 
lbs.;  weight  of  man,  lOj  stone;  giving 
about  5  lbs.  to  each  foot  of  sustaining  sur- 
face, a  condition  which  severely  tests  the 
theory  of  inverse  proportion  of  surface  to 
weight.  The  four-wingo  1  contrivance  sent 
to  the  Crystal  Palace  was  found  to  be  too 
heavy  for  trial,  but  the  inventor's  enthusiasm 
seems  to  be  <piite  equal  to  the  construction 
of  another  and  lighter  apparatus  for  further 
exhibition.  It  must  be  remarked,  as  an  inter- 
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Gating  feature  in  Gibson *9  apparatus,  tltat  the 
total  weight  of  th^.  mim  aud  apparatus »  as 
compared  with  the  surfiiee,  gives  on  i)e  Lufy*s 
theory,  about  S8  squaro  feet  a.^  the  |»roper 
sugtaining  surfacCi  or  one  foot  more  than  it 
possesses — taking  for  our  calrulaliona,  the 
AuHtralian  crane,  and  the  theory  of  in- 
verse proportion  with  its  margin  of  from 
eight  to  ten  time**. 

Experiments  ean  alooo  determine  the  true 
path  to  guecess,  and  it  h  encouraging  to  find 
that  these  are  now  aidiuu:  in  ihe  dctermina- 
tiun  of  the  question.  It  is  p08t*ible  that  we 
J  nay  shortly  witness  some  more  advanced  at- 
tempts^  and  sliould  they  prove  to  be  lailures 
in  the  practical  solution  of  the  probh*m»  it 
will  perhaps  he  rcmemhered  that  previous 
failures  having  led  to  increased  knowledge, 
BO  future  success  may  result  from  their  re- 
petition. 


IMPROVED  GAS-IJEATING  FURNACR 

Et^TIMATE  OF  THK  QUANTITY  OF  FFEL 
HRQCIRED  FOR  CAST  8TEEL,  WITH  THF, 
SISMRN8  FtJRNACE,  AND  BY  THE  XEW 
PROCESS  OF  FAliTIAL  ELIMINATION  OF 
NITROGEN,  OF  M.  CH.  8CU1NTZ,  OF 
BTRASBOUBO. 

TranaUttd  from  ••Le  Qhnlt  Iadii»tH*L»» 
We  announced  in  our  last  nnmber  the  ap- 
pearance of  a  work  of  M.  Sehinix,  on  the 
High  Furnace.  Before  giving  an  analysis 
of  it,  as  we  promised,  we  believe  our  read- 
ers will  be  interested  in  the  following  ana- 
lysis upon  a  kindred  sulTJect,  which  M, 
JSchintz  has  kindly  communicated. 

In  the  '*  Oestreichichen  Zeitschrift  fllr 
llergiittenraanner/*  No.  2G,  18C8,  M,  Ku- 
pclwieser,  Professor  in  the  i?chool  of  Mines 
of  Leohen,  showed  that  the  cxpeiitie  of  fuel 
lU  the  production  of  steel,  by  the  3lartin 
pr«c<ss,  docs  not  greatly  exceed  that  by  the 
Be*itjefi»er.  Thii^  is  surprising,  in  view  of 
tht  fact  that  the  intense  heat  by  the  latter 
pPML-ess  is  produced  by  the  small  percentage 
of  carlMjn  in  the  gr^ty  metal,  while  in  the 
Maiiin  process,  as  at  present  conducted,  the 
operation  last^i  seven  or  eight  hours,  and 
emismmes  at  least  L5  kilograinraes  of  lignite 
for  every  kit  of  steel  produced.  Although 
the  oonsumption  by  the  latter  process  is  so 
great,  the  >mall  ultimutc  difference  between 
the  two  is  due  to  the  fact  that  for  the  Bes- 
s«*mer*  gray  iron  is  used,  and  lor  the  Martin, 
white  iron,  and  the  production  of  the  latter, 
^  k  the  high  funiace,  requires  but  one-half  to 


one-third  the  qunnittj  of  cos!  iieeo> 

the  former. 

I    have   found   the   computatfnn'r  ff 
Kupelwieser  quite  accurate,  th 
incan.s  agree  with   him  when   h* 
to  shiiw  that  the  regenerating  fm    ^ 
Siemens  is  preferable  to  all  oili.i- 
M  art  in   process;  for    it    is  easy  to 
strate  the  reverse.      I  have  before  me  I 
plan  of  a  reheating  fwrnaee,  on  the  Si« 
plan,  which  ought  to  eouifume  ptctty  nt 
as  much   fuel  as  a  cast  steel  furiia?^;  iHg 
only  difference  being  that  the  latter  i«( 
about  half  as  long.      A  charge  for  the  »U 
furnace  is  composed  of 

.888  kiL  white  pig,  ^  ,  -^^  ,  .    _ 
.661  kiU  puddle  bar  [  ^'^^^   f  ^*  ^ 

and  crude  steel,  J 
.47  kiU  ore,  .  •  •  jure  and  rich,  vktcli 
is  decomposed  into  F 
e  O  aud  C  O  — .  VoU 
ume  of  the  CO  14 
cubic  meter*. 

Assuming  that  the  melted  metal  b.lSiiL 

thick,  the  surface  will  be  -^^^j*^  =  l^ 

sq.  met.,  and  allowing  .5  m,  for  the  brea4ik» 

the  length  will  be  —  ^^  =  2.S  met.      But 

in  the  Siemens  furnace  we  tnu^t  add  tltft 
bridges  which  hold  the  metal,  the  duel 
which  conduct  the  gas,  and  thta  jitf  and  th« 
Hues  at  the  other  end  which  K\ad  off  ikt 
products  of  combustion.  All  this  augments 
the  length  of  the  melting  furnace,  and  git cf 
us,  instead  of  2.8  dl,  a  length  of  4  2  »^ 
and  the  exterior  snrface  of  the  arch  and 
side  walls  becomes  10  sq.  tti,,  while  without 
these  necessary  accossorici*  this  surfairc  wgold 
be  but  3  42  nq  m.  New,  umki ug  all  diM 
allowance  for  what  takes  pliMre  ia  the  re- 
generators themt^elves,  their  ui^  in  a  noattt 
of  great  loss  of  heat,  for  we  have  just  «hovtt 
that  the  loss  of  heat  by  tran»n»i^h'ion  U  ex- 
cessive, compared  with  the  iLj»eful  r fleet. 
The  transmission  for  a  unit  of  mirfjiee,  pef 
hour,  is 

T  —  f' 

c 

T  being  the  temperature  of  the  fuinneiil 
t'^  that  of  the  atmosphere 


Q 

Dulong) 


Sn^(^)al  +  Luf 
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S  =  3.62,  L  =  1.988  =  20^  e  =  .2, 
C  s=  0.8  at  least,  e  =3b  thickness  of  nvalls, 
C^^the  conductibilitj  of  the  luaterials  of 
which  the  whUs  are  composed. 

M.  Ed.  Bccqucrel  has  found  that  the 
Belting  point  of  decarburized  iron  is  be- 
tween 1,350''  and  1,400"*  Cent.  There  is  no 
probability  that  the  temperature  of  the  fur- 
■acf  ercecds  1,400"  C,  otherwise  the  ope- 
Tation  would  not  last  seven  or  eight  hours. 
Supposing,  then,  that  T=  1,400**' and  t"  = 

20',  the  theoretical  transmission  is  J  --Z-;r- 

+  20  Q  =  4,802  calories  (Q  =  17.92).  My 
own  researches  have  shown  that  the  actual 
transmission  of  heat  is  from  three  to  thir- 
teen times  greater  (according  to  the  tempe- 
rature; than  the  theoretical  transmission, 
fur  the  surrounding  air  being  always  in 
Borement,  and  becoming  warm,  carries  off 
great  quantities  of  heat.  The  effective 
tran9mi!4.sion  in  this  case  cannot  fall  short 
of  134.892  =  63,596  calories  per  sq.  met. 

Ser  hour.  For  10.24  sq.  m.  this  becomes 
51.22w$  calories.  But  we  must  remember 
that  the  value  of  L  in  tlie  formula  of  Du- 
long  is  less  for  a  horiiontal  than  for  a  ver- 
tical surface.  We  must,  therefore,  deduct 
one-third  upon  two-thirds  of  the  calculated 
transmit:* ion,  which  amounts  to  71,501. 
Deducting  this  651,223  —  71,501  =  579,- 
722  call  tries. 

To  luolt  one  kil.  of  decarburized  iron  the 
heat  oonsumcd  is  1,400  X  .10.')85  (.16585 
being  the  specific  heat  or  iron  at  1,40U'')  = 
232  ealnrie^i.  Latent  heat  of  fusion  •=  160 
^  (.lt;.iS5  —  .11:570)  1,400  =  233  ealo- 
rie«.  Total  heat  consumed  in  nuflting  out; 
kil.  of  iron,  465  cal.,  and  tor  1,552  kil.,  the 
entire  charge  465  x  1,552  =  721, 6«0,  and 
per  hour,  allowing  eight  hours  for  the  ope- 
ration, -"  J  --    =90,210  cal.,  which,  added 

o 

to  tho  transmission  above  calculated,  gives 
fi-r  the  number  «)f  calorics  employed  in  the 
furna«'C  i>f  fusion,  6t)0.0o2. 

The  fu»?l  employed  at  Leoben  was  lignite, 
of  «hii-li  the  calorific  power  is  5,411)  calories 
per  kil.  for  a  perfect  combustion,  and  on  the 
suppx-iticn  that  the  gas  arrives  in  the  fur- 
Da<'t'  jit  tlie  temperature  it  gets  in  the  gene- 
rator. It  is  known  that  in  the  Sii  mens 
furnncc  it  is  necessary  to  cool  the  ga.s  and 
condrri<-e  the  hydro-carbon  vapors,  because 
if  rhi-y  get  into  the  regenerator  they  are 
decoHiposeJ  there,  and  give  off  a  deposit  of 
carbon  which  obstructs  tlte  flues ;  but  as  the 
heat  so  lost  is  restored  by  the  regenerator 


itself,  we  may  consider  the  gas  as  being  in 
the  same  condition  as  if  it  had  not  been 
cooled.  Hence,  the  pyrometric  equivalent 
of  the  lignite,  for  a  furnace  temperature  of 
1,40U^  is  5,410  —  1,400X2.15525  =  2,402 
calories,  and  the  quantity  carried  off  per 
kil,  of  lignite  =  3,017  calories.  Dividing 
the  consumption  of  heat  in  the  furnace  l>y 
the  pyrometric  equivalent,  we  obtain 
669.932  „-Q  ,  .,  -  ,.  ., 
"omiT  =  -^'^  *"•  of  lignite  necessary  for  « 

this  consumption.  But  the  actual  expense 
is  291  kil.,  and  thus  there  remains  an  excess 
of  291  —  279=  12  kil.,  showing  that  a  por- 
tion of  the  gas  is  not  burned  in  the  furnace, 
but  in  the  regenerator.  The  same  thing 
may  be  seen  taking  place  in  the  largest 
glass  furnaces,  which  are  six  to  eight  meters 
long,  and  I  have  noticed  that  there  is  always 
some  flame  at  the  end  of  the  fire  circuit, 
which  proves  that  the  gas  is  burned  gradu- 
ally. The  result  is,  that  in  the  Siemens 
system  the  gas  and  air  are  not  thoroughly 
enough  in  contact  to  make  a  perfect  combus- 
tion. If,  now,  the  length  of  fire  circuit,  for 
accomplishing  approximately  the  same  re- 
sult, is  only  four  meters,  it  need  not  sur- 
prise anybody  if  the  combustion  is  com- 
pleted in  the  regenerator.  The  following 
are  the  quantities  of  heat  which  the  regene- 
rator receives  per  hour : 
279  kil.  lig.  at  3.017  =  841,733  )  =006,771 
12     *»     *•        5,419=  65,028  \      calories. 

The  capacity  of  the  four  chambers  of  the 
regenerator  is  42,336  cubic  met.,  of  which 
J  is  of  solid  fire-brick,  =14,112  cubic 
inet.  at  1.9  [specific  gravity]  =  26,812  kil., 
and  the  capacity  for  heat  =  26,812  X  .24  = 

I  6,435  calories. 

!      The  maximum  of  heat  in  the  regenerator, 

'  when  the  products  of  combustion  cease  to 

i  pass  it,  is 


Entrance  temp.  =^^^'«;;g^^=],44C' 


Kxit  temp.,     .' 3ll0'. 

Mean, S7:r. 

Maximum  capacity  873x6,435  =  5,617,- 
755  cal. 

It  is  at  the  minimum,  just  after  the  air 
an<l  gas  have  cease<l  to  jiass,  and  hence  it  is 
minus  the  heat  introduced  per  hour,  which 
I  is,  as  above,  906,771,  making  5,617,755  — 
I  906,771  =4,710,984  calorics,  and  the  mean 
temperature  of  this  regenerator  is  not  above 
4,710,984 


6,435 


The  exterior  surface  of  the  regenerator 
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measures  4G.02  sq.  met.,  the  thicknem  of 

the  walls  is  e  =  .3,  their  conducting  power 

at  least  .6  =  c.     Ucnce  the  mean  tonipera- 

,,.,,,           ...    873+732 
ture  regulating  the  transmission  is '   — 

=  802°,  and  the  theoretic  transmission  be- 
comes l^^^-''^^l  +  20  Q  =  1,537  cal. 

The  actual  transmission  is  7,753  calories, 
and  the  tutal 

Calories. 

Transmission     =  46.2  X  7,753  =  358,188 
The  loss  bv  escape, 

3U0  X  291x2.15815=  188,100 
Useful  effect, 360,483 


Total  heat  equal   t3  that  intro-  )     qqq  y-^ 
duccd J      _  ^ 

The  quantity  of  heat  lost  by  the  gas  in 
cooling  is  303,804  calorieu.  Hence  all  the 
gain  we  get  from  the  regenerator  is  50,079 
calories — ^just  enough  to  raise  the  tempera- 
ture of  the  air  to  289®. 

These  calculations  are  the  results  of  a 
systoui  of  long  continued  and  very  careful 
experiments,  and  are  perfectly  in  harmony 
with  the  facts,  for  if  the  temperature  of  the 
furnace  is  liigher  than  the  melting  point  of 
the  mctnl,  the  operation  would  be  complete 
in  much  less  time  than  seven  to  eight  hours. 

I  have  proved,  by  the  formula  of  Cauchy, 
that  supposing  the  metal  to  be  penetrated 
with  a  volume  of  carbonic  oxide  equal  to  its 
own,  while  the  bed  of  coal  is  2  X  -15  met., 
tlie  conductibilily  will  be  such  that  in  a  few 
minutes  the  mass  will  take  the  temperature 
of  the  furnace.  Now,  to  produce  steel 
much  more  cheaply  than  by  the  Bessemer 
process  (which  leaves  a  great  deal  to  be  de- 
desired  on  the  score  of  certainty  of  quality 
in  the  product),  we  should  have  to  devise  a 
method  of  heating  which  would  admit  of  a 
higher  temjjerature.  It  need  not  necessa- 
rily be  very  much  higher — in  fact  an  addi- 
tion of  100°  would  probably  be  sufficient 
to  reduce  the  length  of  the  operation  one 
half,  and  hence,  even  supposing  the  quantity 
of  fuel  burned  per  hour  to  be  the  same, 
there  would  still  be  an  economy  of  one-half 
the  fuel,  of  labor,  interest  on  capital,  etc. 
We  shall  proceed  then  to  show  that  it  is 
practicable  to  increase  the  heat  of  the  fur- 
nace at  a  smaller  expense  of  fuel. 

This  method  consists  essentially  in  the 
production  of  a  gas  which  contains  a  smaller 
proportion  of  nitrogen  than  is  usual  in  pro- 
oesscs  now  employed. 


To  produce  this  gas  we  may  decompMi 
by  heat  carbonate  of  lime,  and  pass  the  eaii 
bonic  acid  given  off  over  coal  dast  or  wm 
substance  contjiining  carbon.  This  wil 
give  us  pure  carbonic  oxide.  By  bumiig 
this  with  the  quantity  of  air  necestarj  Id 
reproduce  the  carbonic  acid,  and  effectiat 
this  operation  within  a  combustible  uAiS, 
which  will  again  reduce  the  C  O,  to  C  0, 
this  last  product  will  be  mixed  with  odIj 
one-half  the  volume  of  nitrogen  which  ordi- 
narily accompanies  the  gas  produced  bj 
combustion.  The  pure  oxi  le  of  carbon  win 
have,  on  leaving  the  chauibor  in  which  it  is 
produced,  a  temperature  of  1 ,000".  Foi  cvaj 
kil.  of  carbon  which  it  contains  it  will  yieid 
2,400  calorics,  to  which  we  must  add  1,0U0  X 
.2479  X  ^  333  =  578  cal.  If  the  air  iimnI 
in  the  combustion  is  introduced  at  300",  it 
adds  300  X  .ii377  X  5.7515  =  410  caL, 
which,  added  to  the  foregoing,  is  3,388  ciL 
On  the  other  hand,  the  reduction  of  tW 
carbonic  acid  produced,  absorbes  2,400  caU 
and  deducting  this  the  quimtity  of  heat  ooip 
t^iincd  by  the  gas  will  be  988  cal.  This  pi 
is  composed  of 

4.6606  k.  CO  whose  spec,  heat  =  l.l.ViS  )  . 
3.4418  k.  N  whose  spoc.  heat      =    .8892  >  ^ 

The   temperature   of   the    mixture  wiB 
98S 
therefore  be  i-Annn  =  495**.     The  buning 

of  4.6606  k.  of  C  O  in  the  furnace  will  yield 

Caloric*. 

4.6666  X  2400, =11,200 

The  gas  brings  with  it,       .     .  =         988 

The  air  at  300*  brings  1 1.5030  )  ^.^ 

X  300  X  .2377,  ....  J  =        ^^ 


9966 


Total 13,008 


4.160 


The  products  arc 

7.3333  k.  CO^  spec,  heat,  l,.'i87  ) 

10.5458  k.  spec,  heat,  2,573  ) 

13  008 
and  the  initial  temperature  is     ^ '    .,    =  C 

4,lu0 

.3127*  C. 

For  1  kil.  of  lignite  (allowing  that  ^  kil. 

of  carbon  is  absorbed  by  the  carbonic  acid 

given  off  by  the  carbonate  of  lime,  which 

contains  0.20565  k.)  there  will  be  required 

1.7136  k.  carb.  lime,     .     .     •     20,563  cal. 
3333  )  T  ^^^,.  ,.     ..  I  20,563   " 

6667  1  ^-^^^^  ^'^'^'''     •     •  i  4U26  " 

and  we  have  .41126  C  =  95061  C  O,  which 
requires  .54855  O  +  1.8171  N  =  2.236545 
kil.  of  air,  and  becomes  1.50796  k.  C  O,  + 
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1.8171  y.     To  reduce  again  this  C  O,  to  C 

0,  will  take  .41126  C.  conuined  in  0.0667 

1.  of  li:2:nite,  — 0.6667  k.  lignite  containing 
0.411-26^  k.    calories,    0.17994   elements  of 
vmter,  0.01346  free  hydrogen.     So  we  shall : 
lave  in  the  gaa  produced  I 

kn.  kil.  ! 

1.91992  C  O,  vhich  requires  1.0907  O  I 

M%4^H,        ''  *'        .10768  0  =  8.9908  A^, 


.17994  H  O, 

1.8171  nr. 


1.20438  O  k. 

5.19018  air=5.10l8  air 

The  gas  produced  by  C  and  Ca  O,  C  O,, 
tieceives  in  the  chamber  where  it  is  produced 
the  temperature  of  lOOO^,  and  consequently 
brings  loOO  X  .95961  X  2479  =  288  cal. 
The  air  to  be  burned  with  it,  )    __  ^gg    ,4 


perature  of  1500^,  while  without  the  elimi- 
nation of  nitrogen  it  would  give  but  1400°. 
It  now  remains  to  sec  whether  the  heat  pass- 
ing off  from  the  furnace  will  be  sufficient  to 
decompose  the  carbonate  of  lime,  and  to  re- 
duce the  carbonic  acid  formed  to  carbonic 
oxide. 

For  the  same  dimensions  of  the  furnace 
proper  the  area  of  the  arch  and  walls  re- 
duces to  3.42  s((.  met.,  because  we  no  longer 
need  the  entrance  and  exit  flues,  nor  the 
bridges  for  holding  the  melted  metal.  If 
we  suppose  the  times  corresponding  to  tem- 
peratures to  be  as  follows, 


800X2.36545x.'^377, 


Total,. 


406 


The  production  and  absorption  of  heat  by 
Ilia  redaction  cancelling  each  other,  need 
not  be  carried  forward  in  the  account,  but 
there  will  be  .17994  HO  to  evaporate,  which 
will  take  .17994  X  536.67  =96  calories  to  be 
dedacted,  leaving  in  the  gas  310  cal. 

The  following  is  the  composition  and  spe- 
eiie  heat  of  the  gas  : 

.2479    = 
3.4046  =r 

.475    = 

.244    = 


1.9llh^2  COX 
.01340  H  X 
.17994  HOX 

1.8171    iV 


.4757 
.0458 
.0855 
.4434 


1.0504 


310 


5743  cal. 


6;i 


5 
1500 


4^ 
1550 


Hours,  8 

Temp.,     1400         145U 

we  shall  not  have  exaggerated  the  advan- 
tage, which  gircs  us  as  useful  effect,  per 
hour, 

721680 
8 


=    90210 


J21 680^^111028 
0.0 


-=144336 


Hence  the  temp,  will  be  ^^^^^  =  295"  C. 

By  bnrning  this  gas  in  the  furnace  we 
prod'uce 

k.  cal. 

1.91922  CO  at    2400 
.01346  H      at  34000 
5.19518  hot  air  at  300 
Brought  in  by  the  gas 
The  specific  heat  of  the  product  is 
k. 
3.01592  C  0, 0.2164  =    .65262  ) 

.80108  H  O    .475  =    .1 1301  }  2.21273 
6.8079    .V         244  =  1.41710  ) 

Tlie  initial  temperature  =    '^.  .Ltt  =  2596** 

C.     The  pyronietric  equivalents  for  the  fol- 
lowing temperatures  will  be 
For  1400^   1450"   1500    1550 

Pyr.  Eq.       2645     2535     2424     2314  cal. 
mat  pa!«8- 

ing  off,      3098    3208    3319    3429  cal. 

Hence  it  appears  that  the  same  weight 
■ad  kind  of  fuel  will  produce  a  furnace  tom- 


_721680 

-1?]V=  162573 
4.5 

Observing  that  this  arch  is  one-half  the 
whole  surface,  and  using  the  same  notation 
as  before,  we  shall  find  the  actual  transmis- 
sion, per  bquarc  meter,  per  hour,  to  be 

Cal. 
47097      40187      61114      MIOQ 


and  for  3.42 


sq.  m 

Usclul  effect 


16^n!>3     108219     174810    181688 
90210    111028    144386    162578 

Total  heat..   253388    270247    810146    844206 


These  figures,  divided  by  their  pyrometric 
equivalents,  give  for  the  expense  of  fuel  per 
hour 

96        110        132        149  kil.  lignite, 
and  the  quantities  of  heat  passing  off, 
297408       352880      438108      510921  cal. 

For   1  kil.    lignite  we    must   decompose 
1.7136  kil.  of  carbonate  of  lime,  which  re- 
quires, in  order  to  be  heated  to  1000® 
1.7136  X  .675083  X  1000  =      .  1157  cal. 
lieatof  combination  1.7136x251     430    ♦* 


Ilcat  of  C  0.J  first  formed 
Iloat  to  reduce  it  to  C  O 


Total, 


1587 
493 

2080 
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And  for  the  calculated  weight  of  fuel 
1996S0      228800      274560      309920  cal. 
Leaving  the  heat  to  pass  off 
97728      124080       165548       201001  cal. 

The  weijrht  of  Ca  O  C  O^  to  bo  decom- 
posed per  hour  is 

164        188        226        255  kil. 

and  as  it  takes  two  hours  to  effect  the  opera- 
tion at  1000^,  the  volume  of  it  will  have  to 
be  double, 
.246  .285  .338  .382  sq.  met. 

The  height  of  the  chambers  being  one 
meter,  their  length,  in  order  to  contain 
these  quantities,  must  be 

.5  .6  .7  .8  met., 

and  it  will  require  two  chambers  in  order 
that  one  may  be  working  while  the  other  is 
being  charged. 

The  chambers  containing  the  carbon  for 
reducing  the  C  O,,  which  is  given  off  by  the 
lime,  should  be  as  large  as  practicable,  in 
order  to  avoid  the  necessity  for  frequent 
charging,  and  allowing  for  height  one  meter, 
and  breadth  .25  mt-t.,  we  propose  to  give  the 
lengths 

1.2        1.5         1.4        1.5  met., 

and  the  following  number  of  tho  chambers, 

3  3  4  4 

"We  have  seen  that  the  gas  produced  in 
the  generators  receives  the  temperature  only 
of  295°,  which  is  not  enough  to  effect  a  per- 
fect reduction,  but  by  surrounding  tho  gene- 
rators with  products  of  combustion  at  1000°, 
we  can  effect  a  perfect,  which  is  a  matter  of 
great  importance.  By  making  two  genera- 
tors .8  met.  long,  .8  high,  and  .45  wide,  we 
can  arrange  them  in  the  furnace  with  the 
necessary  chambers,  in  such  a  manner  that 
tho  latter  will  present  a  minimum  surface  of 
15.97  sq.  met.,  and  a  maximum  of  20.66  sq. 
met.,  and  allowing  a  thi<rkncss  of  wall  of  .5  < 
mot.  =f,  and  a  conductibility  c=  .6.  i 

Then  the  theoretic  transmission,  per  sq. 
met.,  per  hour,  will  be 

and  the  actual  tran.smission  four  or  five 
times  greater,  .  .  .  .  =  5722  cal. 
Total    maximum   transmis- )  _  ^^q.^,.»    ^^ 

sion  2066  X  5722     .     .  (  "^  n^-io 
Total    minimum    transmis-  J         aiooa     », 

sion  1597  X  5722     .     -  }  =    ^^^^^ 
while    the    quantities    at    our  disposal  are, 
maximum,  201001  cal.;  min.  97728  cal. 


Hence  the  quantity  of  hc»t  pa»inc  oil 
of  the  fusion  furnace  is  more  than  snmiflil 
for  the  production  of  the  carbonic  oxide. 

If  the  assumptions  we  have  made  li  tl 
the  relative  time  of  fusion  are  correct 
which  is  very  probable,  the  consamptioi  d 
fuel  for  one  kil.  of  steel  will  be 

?5^/.«.495k.    ™><|:1...4.U 

L»J^-0.«6k.»?,£^i:5.0.«H. 

lignite,  while  by  the  furnace  at  Leobea  il  ii 
5^91  X8  _,., 
"1552 *"^^- 


ORioiN  OF  Force — Weight  ho  Fobci. 
— Gravitation,  acting  in  the  direct  rttii 
of  the  mass  of  bodies,  gives  ns  a  direct  mei- 
sure  of  this  mass  by  the  weight.     As  a  nil 
of  this  weight  the  pound  has  been  adopted, 
and  the  expression  of  a  certain  number  d 
pounds  affords  us,  therefore,  a  tolerably  de* 
finite  notion  of  the  amount  of  matter  witk 
which  we  have  to  deal.     When,  now,  bythe 
removal  of  obstacles,  gravitation  is  alloved 
to  produce  motion,  this  motion,  most  le- 
celerate  as  long  as  gravitotion  eontinnei  tl 
act  in  the  direction    in  which  the  body  il 
moving.      The    motion   thus   produced  bj 
gravitation  is  called  an  accelerated  motioB; 
but  gravitation  is  not  necessarily  an  accel- 
erating force.     It  may  act  as  a  retarding 
force,  when  the  body  moves  in  an  opposite 
direction,  as,  for  instance,  when  a  stone  ifl 
thrown  upward.     In  fact,  gravitation  ma? 
result  in  an  accelerating  force,  in  a  retanU 
ing  force,  or  (in  case  there  is  no  opportunity 
for  the  body  to  be  brought  into  motion)  il 
no  force  at  all. 

But  to  return  :  a  body  is  put  in  motion  by 
gravitation  only  ;  it  falls,  and  there  is  a  force 
generated,  which  increases  in  proportion  to 
the  space  through  which  the  bod3'  falls.  This 
space,  again,  is  proportional  to  the  square  of 
the  time  that  gravitation  acts,  according  to  the 
well-known  law  of  falling  bodies.  Suppose, 
now.  that  this  motion,  after  being  produced 
by  gravitation,  is  totally  or  partially  des- 
troyed by  resistance,  heat  will  be  produced. 
Direct  experiments  have  demonstrated  this 
to  bo  a  permanent  fact.  By  modifying  the 
circumstances,  electricity,  light  or  magnetiiun 
may  be  produced  or  apparently  ge'.icratcd ; 
and  we  may  therefore  look  upon  gravitation 
as  the  prime  source  of  all  other  forces.  In 
the  same  manner  as  we  cannot  destroy  the 
motion  of  a  leaden  ball,  falling  only  from 
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Ae  height  of  a  fevr  feet  on  the  floor,  with- ; 
#«t  obnerring  a  remarkaLiIe  iucrcase  in  the  j 
temperature,  »o  any  eosmical  matter,  falling 
toward  a  center  of  attraction  (the  Aun),  must, 
mt  reaching  that  center,  where  its  motion  is  i 
destroyed,  cause  a  rise  in  temperature,  of  an  ' 
iDtemit  J  proportional  to  the  weight  of  mat- 
ter,   and  to  its  final  velocity.     When  the 
aiasaea  are  thousands  of  millions   of  tons, 
and  the   distance   through  which  they  fall 
thousands  of  millions  of  miles,  and  conse- 
^entlj  the  velocities  enormously  great,  the 
lesnlting   rise  in  temperature  must  ncces- 
tarily  bo  far  beyond  our  conception*     This 
is.  in  fact,  the  modem  modification  of  the 
eelebrated  nebular  theory  of  La  Place. 

When  gravitation  is  prevented  from  pro- 
JBcing  motion,  no  ecfuivalent  of  heat  can  be 
fiodaced  by  the  destruction  of  motion,  as 
there  U  no  motion ;  and,  as  all  force  can  be 
czprcased  bj  an  equivalent  number  of  units 
of  beat  (one  unit  of  heat  being  770  units  of 
force  or  foot-pounds),  it  becomes  at  once  sclf- 
•TideDt  that  the  simple  weight  of  bodies,  as 
it  ean  not  be  expressed  in  terms  of  heat, 
eaa  not  and  must  not  be  considered  as  ex- 
pressing anything  like  a  force.  It  must, 
therefore,  not  be  used  in  a  sense  conveying 
the  thought  that  a  ponderable  body  of  a  cer- 
tain weight  can  represent  a  force.  The  de- 
feetive  bat  common  use  of  language,  in  men- 
tioning forces  of  so  many  pounds,  hundred- 
weights or  tons,  should  give  way  to  the  more 
sccorate  ideas  of  modern  science.  Reform 
ia  this  direction  will  be  much  easier  than  at 
fiKt  appears. — American  Journal  of  Mining. 

HOLLOW  vs.  Solid  Shaptinq. — Hollow 
shafting,  where  large  diameter  is  not 
ohjecti'inable,  has  long  been  in  use,  made 
Henerally  of  cast  iron,  and  frequently  used 
as  a  drum  or  continuous  pulley  for  the  re- 
ception of  belts.  Such  a  shaft  was  used  in 
the  '*  pistol  shop  ''  of  Colt's  factory  before 
the  destruction  of  the  building  by  fire  about 
four  years  ago,  and  a  similar  lino  may  now 
be  ID  use  in  the  reconstructed  building,  j 
This  shaft  was  five  hundred  feet  long  and 
fifteen  inches  diameter,  made  of  hollow  cast- ! 
iron  cylinders,  connected  with  each  other  by  I 
a  solid  shaft  or  bearing  at  each  end,  resting  I 
in  a  1k»x  as  a  journal.  The  result  was  an  al- 
mo«»t  continuous  drum,  of  five  hundred  feet 
in  length,  from  which  beltri  led  to  the  counter 
ihafts  of  the  machines,  the  speed  of  each 
machine  being  regulated  by  the  diameter  of 
the  pulleys  on  the  counter  shafts.  We  have 
heard  abfo  of  wrought  iron  pii)es  of  only  two 


inches  diameter  being  used  as  shafting  suc- 
cessfully. 

Tredgold  says  that  a  round  tube  whose 
internal  and  external  diameters  are  as  seven 
to  ten,  respectively,  has  twice  the  lateral 
strength  of  a  solid  cylinder  containing  the 
same  amount  of  material.  A  cylinder  (solid) 
of  cast  iron,  five  inches  diameter,  has  a 
transverse  strength  of  21,104  pounds,  while 
one  of  eight  inches  diameter,  containing  the 
same  cross  sectional  area  of  metal,  has  a 
transverse  strength  of  no  less  than  45,416 
pounds. 

These  facts  would  seem  to  show  plainly 
the  possibility  of  reducing  the  weight,  ma- 
terially, of  shafting,  without  a  diminution  of 
its  strength.  The  weight  of  shafting  is  a 
mass,  the  inertia  of  which  must  be  overcome 
by  the  driving  power,  and  in  some  cases  the 
amount  of  power,  otherwise  useful,  that  is 
thus  absorbed,  is  not  less  than  twenty  per 
cent.  If  by  the  use  of  lighter  shafting  this 
could  be  reduced  only  five  per  cent,  the  sav* 
ing  would  be  worth  an  efi'ort.  Shafting  must 
be  of  sufficient  diameter  to  sustain  the  weight 
of  pulleys  and  the  strain  of  belts  without 
springing,  but  if  the  requisite  stiffness — re- 
sistance to  torsion  and  springing — can  bo 
obtained  by  hollow  shafts  of  much  less 
weight,  not  only  is  money  saved  in  the  first 
cost  (shafting  being  furnished  by  the  pound), 
but  the  continual  expense  in  the  absorptiou 
of  unnecessary  power  in  driving  the  unne- 
cessary weight  would  also  be  prevented.  That 
hollow  shafting  of  wrought  iron  can  be  mado 
cheaply  is  sufficiently  apparent  when  we  ex- 
amine specimens  of  pipe  used  for  various 
purposes.  And  not  only  would  the  first  cost 
bo  less,  but  the  ease  of  handling,  owing  to 
reduction  in  weight,  would  lessen  the  cost 
of  turning,  etc.  Such  shafting  could  also 
be  easily  oiled  from  the  inside,  which  would 
seem  to  be  the  proper  method. — Scientijic 
American, 

HARTMANX'S  LOCOMOTIVE  WoRKS, 
Mr.  Richard  Hartmann  has  recently 
added  to  his  largo  works  at  CheuinitK,  Sax* 
ony,  a  loctmiotive  erecting  shop,  with  lines 
for  thirt3'-five  engines.  This  shop  is  4(y>  ft. 
long,  and  120  ft.  wide.  The  shop  for  lathes 
and  machine  t(K>ls,  which  has  been  sonio 
three  or  four  years  at  work,  is  4oO  ft.  by  IK) 
ft.  Mr,  Hartmann  now  omjib»ys  2,*-ii)0  work- 
men. They  are  chiefly  employed  ujum  loe«>- 
motives  and  machine  t<K)ls.  When  the  hits- 
inoss  in  textile  fabric  machinery  is  fairly 
prutiperous,  500  more  workmen  are  cmployidd. 
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WIRE  ROPE  TRANSPORT  SYSTEM. 

**  Meohaniot'   Maguine. " 
A  novel  use  of  wire  ropes  has  recently 


equilibrium,  and  at  the  same  time  entUei  il 
to  pass  the  supporting  pulleys  with  ease. 

Each   of  these   boxes   carries  1  cwt.  of 
stone,  and  the  delivery  is  at  the  rate  of  aboit 


been  patented  and  put  into  practice  by  Mr.  200  boxes  or  ten  tons  per  hour  for  the  three* 
Hodgson,  0.  K.,  having  for  its  object  the  :  >nile  distv^ce.  It  is  almost  unneeeffianrtt 
construction  of  light  and  cheap  ways  for  the  j  observe  that  the  proportions  of  such  Inefr 
transport  of  mineral  or  agricultural  produce  j  can  be  varied  to  any  extent  to  suit  the  i^ 
in  localities  as  yet  unprovided  with  railways.  I  quiremcnts  of  any  particular  trade,  rangisg 
Though  a  great  number  of  cases  exist  in  j  from  10  tons  to  1,000  tons  per  day. 
Great  Britain  to  which  it  may  be  applied  j  In  the  ease  of  lines  for  heavy  traffic,  whew 
with  advantage,  the  chief  development  of  |  a  series  of  loads,  necessarily  not  less  thM  ft 
this  method  of  carriiige  will  probably  take  j  cwt.  to  10  owt.  each,  must  be  carried,  a pdr 
place  in  the  colonics,  and  in  other  countries  of  stationary  supporting  ropes,  with  an  mi^ 
which  stand  in  urgent  need  of  light  lines  of'  le8«  running  rope  for  the  motive  power,  will 
some  kind  to  convey  their  productions  to  the  '  l>c  employed,  but  the  method  of  supportisf, 
main  arteries  of  inland  communication,  or '  &nd  the  peculiar  advantage  of  crossing  i3> 
to  ports.  The  system  may  briefly  be  defin- !  niost  any  nature  of  country  with  a  goods  lias 
cd  as  a  continuous  development  of  the  plan  ■  without  much  more  engineering  wori[  thtfi 
now  not  unusual  in  India,  Australia,  and  in ;  is  necessary  for  fixing  an  electric  telegraph, 
some  mining  districts,  of  bridging  over  a  >  without  bridges,  without  embankments,  vai 
river  or  ravine  by  a  single  wire  rope,  by '  without  masonry,  exists  equally  in  hoCh 
which,  carried  in  a  bucket  suspended  by  a  [  branches  of  the  system.  The  cost  of  ee- 
pulley,  the  necessary  loads  are  transmitted:  tablishing  these  lines  will  vary  considerably 
from  one  point  to  another.  i  in  proportion  to  the  quantity  they  are  T^ 

To  accomplish  the  easy  passing  of  the  |  quired  to  carry,  but  from  their  peculiar  cot- 
points  of  support  necessary  to  carry  out  a ;  struct  ion  their  cost  will  vary  very  slightlr 
continuous  line  of  communication,   and  to   in  relation  to  the  nature  of  the  ground  whin 


provide  for  the  distribution    of  the  burden 


they  may  traverse. 


and  the  application  of  motive  power,  have  The  most  important  feature  in  Mr.  Hodg- 
been  problems  of  no  small  dilliculty  ;  but, ;  son's  invention  is  his  method  of  passing  the 
after  experiments  on  u  first  trial  length  of  points  of  support.  Both  in  lines  like  thai 
half  a  mile,  during  the  autumn  of  last  year, '  now  in  operation,  where  the  rope  moves,  ail 
these  practical  details  were  worked  out,  and :  i^  those  in  which  it  is  proposed  to  have  a 
a  contract  was  immediately  entered  into  for  j  standing  rope  separate  from  the  propelh^r, 
a  line  of  three  miles  in  length  at  Bardon  ]  the  stability  of  the  load  is  obtained  by  curv* 
Hill  quarries,  belonging  to  Messrs.  Ellis  and  I  ing  i"  the  frame  of  the  carriage  till  the 
Everard.  near  Leicester,  which  has  recently   centre   of  gravity   comes   under   the   rope. 

Ivrv....      1  .A_  1        !•    .  •  t      .         en  fill  TUv^       ^^^.1 : «^    aI._ i-     ^^ - 


posts,  which  are  ordinarily  about  150  feet 
apart,  but,  where  necessary,  much  longer 
spans  are  taken,  in  one  case  amounting  to 


been  conipbited,  for  mineral  traffic.  The  The  overhanging  of  the  rope  is  of 
practical  working  of  this  line  was  recently  essential  in  this  case.  Nothing  can  be  i 
tested  in  the  presence  of  a  number  of  engi- '  satisfactory  than  the  working  of  theprc 
ncers  and  gentlemen  interested  in  the  ques-l  three  mile  line,  which  stamps  it  as  a  prae- 
tion,  when  it  was  found  to  work  well,  and  to  ■  tical  invention,  and  which  we  hope  will  lead 
answer  its  ]»urpose  admirably.  This  line  |  to  its  adoption  wherever  the  necessity  for 
consists  of  an  endless  wire  rope,  supported  such  an  appliance  exists, 
on  a  series  of  pulleys  carried  by  substantial 


BURNING  Liquid  Fuel. — Another  sys- 
tem has  been,  after  long  experiment,  put 
in  regular  and  successful  operation   by  Mr. 


nearly  000  feet.  This  rope  passes  at  one  of  i  A.  Smith,  Stratford,  England.  The  creosote 
its  ends  round  a  Fowler's  clip  drum,  work-  is  stored  in  an  underground  lank  outside  the 
ed  by  an  ordinary  portable  steam  engine,  engine-house,  from  which  it  is  forced  up  by 
and  the  rope  is  thus  driven  at  a  speed  ,  steam  pressure  into  a  reservoir,  also  outside 
of  from  four  to  six  miles  an  hour.  The  '  the  engine-house,  and  to  which  is  attached  a 
boxes  in  which  the  stone  is  carried  are  hung  float  and  a  graduated  scale,  by  which  the 
on  to  the  rope  at  the  loading  cn^l^  the  at-  consumption  of  oil  is  ascertained.  A  sup- 
tachmcnt  consisting  of  a  pendant  of  peculiar  ply  pipe  from  the  cistern,  with  a  regulating 
•hape,  which  maintains  the  load  in  perfect .  cock  is  turned  into  the  tube  of  each  of  tw# 
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•h  boilerSf  18  ft.  long,  5  ft.  diameter,  the  only  one  which  remains  entirely  unaltcr- 
iies2ft.  Gin.  in  diameter.  The  oil  jed  when  submitted  to  the  action  of  a  blow- 
'  pip®  projects  about  9  in.  into  the  i  pipe  fed  by  oxygen  and  hydrogen,  or  mix- 
tube,  the  month  of  which  is  simply  |  tures  of  oxygen  with  gaseous  or  liquid  car- 
d  by  a  plate  of  thin  sheet  iron,  which  j  bonated  hydrogens.  Zirconia  is  also,  of  all 
ed  or  lowered  to  regulate  the  draft,  the  terrous  oxyds,  that  which,  when  intro- 
duced into  an  oxyhydrogen  flame,  develops 
the  most  intense  and  the  moAt  fixed  light. 

**  To  obtain  zirconia  in  a  commercial  state 
I  extract  it  from  its  native  ores  by  trans- 
forming, by  the  action  of  chlorine  in  the 
presence  of  coal  or  charcoal,  the  silicate  of 
zirconium  into  double  chloride  of  zirconium 
and  of  silicium.  The  chloride  of  silicium. 
which  is  more  volatile  than  the  chloride  of 
zirconium,  is  separated  from  the  latter  by 
the  action  of  heat ;  the  chloride  of  zirco- 
nium remaining  is  afterwards  converted  to 
the  state  of  oxyd  by  any  of  the  methods  now 
used  in  chemistry.  The  zirconia  thus  ob- 
tained is  first  calcined,  then  moistened,  and 
submitted  in  molds  to  the  action  of  a  prcbS 
in  which  steam  is  kept  up  by  the  waste  ;  with  or  without  the  intervention  of  agglu- 
fuRe  produced  in  the  factory,  the  steam  tinant  substances,  such  as   boracic   acid    or 


;he  oil  tube  is  turned  a  smaller  tube 
Dg  the  superheated  steam,  which  issues 
imall  apertures  at  its  nozzle.  The 
te  is  thus  driven  into  the  furnace  with 
Toroe,  being  broken  up  into  the  finest 
and  forming  a  powerful  flame,  which 
m  upon  a  heap  of  brick  core  in  the 
rhich  is  maintained  at  a  red  heat. 
m  the  single  jet,  steam  is  easily  kept 
b  of  these  boilers  at  a  constant  pres- 
f  M  lb.  to  tK)  lb.,  which  is  suf>plied  to 
igines  for  driving  the  machinery.  One 
se  engines  is  a  lO-horse  power  hori- 
;  the  other,  a  30-horse  power  beam 
!.  Besides  the  two  boilers  already 
ned,  there  is  a  thini  of  the  same  dimen- 


ased  only  for  heating  purposes,  and 

r  the  engines.     This  boiler  is   always 

and   in  the  morning  supplies  steam 


clay.     The  sticks,  cylinders,  disks,  or  other 

forms  thus  agglomerated,  are  brought  to  a 

high  temperature,  and  thus  receive  a  kind 

rhich  the^^creosote  furnaces  are  start-  of  tempering   or   preparing,    the   effect   of 

which  is  to  increase  their  density  and  mole- 
cular compactness. 


consumption  for  the  two  boilers  is 
barrels  of  thirty-six  gallons  each  per 

12  hours.  Taking  the  cost  at  the 
rice  of  Id.   per  gallon,   we  have  only 

per  day,  or  10s.  6s.  for  each  boiler. 
nith*s  consumption  of  coal  used  to  be 
8  per  day — a  great  contrast  in  point 
ense  to  his  present  working.  Then, 
is  a  further  saving  in  attendance,  a  boy 
well  able  to  do  all  that  is  necessary, 
there  is  no  clinkering,  nor  are  there 
re-bars  to  burn  out.  Altogether,  a 
>conouiy  is  realized,  and  much  credit 
to  Mr.  Smith  for  the  simplicity  and 
icy  of  his  invention. — Mechanic's  Ma- 


••Zirconia"  Light. — The  specifica- 
D  of  Messrs.  Tessie  du  Motay  &  Co. 
pnivcmcnts  in  oxyhydrogen  light,  is 
3ws  : 

rconia.  or  oxyd  of  zirconium,  in  what- 
lanncr  it  may  bo  extracted  from  its 
an  be  agglomerated  by  compression  ; 
imple,  into  sticks,  disks,  cylinders,  or 


*'  I  can  also  compress  in  molds  shaped  for 
the  purpose  a  small  quantity  of  zirconium 
capable  of  forming  a  cylinder  or  piece  of 
little  thickness,  which  may  be  united  by 
compression  in  the  same  mold  to  other  re- 
fractory earths,  such  as  magnesia  and  clay. 
In  this  manner  I  obtain  sticks  or  pieces  of 
which  only  the  part  exposed  to  the  action  of 
the  flame  is  of  pure  zirconia,  while  the  re- 
maining portion  which  serves  as  a  support  to 
it  is  composed  of  a  cheap  material. 

"  The  property  possessed  by  zirconia  of 
being  at  once  the  most  infusible,  the  most 
unalterable,  and  the  most  luminous  of  all 
the  chemical  substances  at  present  known 
when  it  is  exposed  to  the  action  of  an  oxy- 
hydrogen flame,  has  never  before  been  dis- 
covered, nor  has  its  property  of  being  capa- 
ble of  agL'lomeration  and  molding,  either 
separately  or  mixed,  with  a  small  portion  of 
an  agglutinant  substance." — Chemical  JVew?*. 


N' 


AVAL  BURKAU  OP  StKAM  EnOINEKR- 
IN(K — The  appointment  of  Mr,  King  in 
brms  suitable  for  being  exposed  to  the  I  placo  ot  Mr.  Isherwood  as  chief  of  this  de- 
)f  mixtures  of  oxygen  and  hydrogen,  partment,  will  close  the  era  of  experiments, 
t  undergoing  fusion  or  other  altera- 1  and  inaugurate,  it  is  to  be  hoj)ed,  the  safe 
Of  all  the  known  terrous  oxyds,  it  is  i  practice  of  following  good  examples. 
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BUTT-JOmiED  BOILER& 

From  *' Engineering,  »' 

For  some  tline  past  several  of  our  lending 
laeumutive  eugiueers  have  bceu  i«  the  habit 
of  making  the  lioilera  of  the  engines  cciii- 
struftej  by  theni  with  butt-jointed  langitu- 
tliiml  scauKs,  provided  with  both  inside  and 
outside  covering  stripR,  No  doubt  those 
employing  ihU  form  of  joints  consider  it— and 
very  justly — to  be  a  gooil  one  ;  but,  judging 
from  the  proportion  Ht*f  the  rive  ting  frcqiient* 
ly  ust  d  in  comieetion  with  it,  we  believe  tliat  in 
many  ca^cs  iLs  merits  are  far  from  being  fully 
appreciated.  Our  rea.»oUH  for  tliiw  opinion 
muy  be  explained  very  briefly.      In  the  case 


by  BU  example.     Let  u§,  for  in^iTrm  >    <. 

pose  a  boiler,  composed  of  ^ID. 

hiiving  butt-joints  with  coveri'''  - 

side,  has  been  riveted  up   s 

placed  at  2  in.  pileh — apropurnin  vtrv  << 

monly  adopted  in  locouii»tive  work — iit^4.^ 

n^  see  how  far  the  streogth  uf  il 

be  iijcreased    by   taking   into   t 

the  fact  that  the  rivets  are  iu  **  doubk  fl 

In  doing  this  we  shall  preserve  the  yrtip 

tion  between  the  areas  of  the   r- 

the  plates  between  the  holes  un.v. 

that  we  consider  it  the  best,   howctvcr— « 

we  shall  suppose  the  strength  of  the  j«« 

bear  the  same  proportion  to  the  strcngtli  I 

the  solid  plate  as  the  length  of  the  pktc  F 

betMTeeu  each  pair  of  rivet  holes  doe*  toi 

pitch  between    the   centers  of  tbosf^ 

We  are  quite  aware  that  this  latter  - 


of  what  we  may  term  an  *^  ordinary  **  rivet- 
ed joint — as,  for  instance,  a  lap-joint,  or  a 
butt-joint  with  a  covering  strip  un  one  side 

only — failing  by  the  ehearing  of  the  rivets,  i  tion  is  not  exactly  correct ;  but  iti  < 
this  shearing  takes  place  at  one  point  only  |  ing  several  joints  with  each  other  t 
of  the  length  of    the    latter,    whilst    in    the  '  arising  from  the  adoption  of  jsuch  a  m 
event  of  a  butt-joint  with  covering  strips  on  I  of  comparison  is  very  light.     Havin. 
both  sides  failing  in  a  similar  way,  each  rivet  |  these  premises  we  may  now  return  U  ^at 
will  be  sheared    at   two    points*     In    otber  I  proposed  investigation.     Iu  the  ri'ti* '»f  ibf 
Words   each    rivet   is  iu   the   last-mentioned  I  joiiits  wnth  g  in,  rivets  plac«*d  ui  H, 

joint  in  a  state  of  **  double  shcar/^  as  it  is,  the  length  of  plate  left  between  ,      4 

Hometimes  called, and  therefore  exposes  twice  ,  rivet  holes  would  be  1 J  in., or  fjine-«ixtv4Bthl 
the  resi:?lance  that  a  rivet  of  the  same  niie   of  the  pitch,  and  the  strength  of  the  jiiin^ 


would  offer  in,  what  we  have  termed  for  di 
tiiiction,  an  *' ordinary  **  joint. 

Taking  this  fact  into  consideration, 
it  follows  that  in  a  butt-joint  with  covcvr- 
ing  strips  on  each  side  of  it,  the  clear 
space  between  each  pair  of  rivet  holes, 
should    for    any    given    diameter  of  rivets 


measured  according  to  our  ^taudard,  wi>iiU 
be  nine-sixteenths,  or  56i  per  cent,  of  tUl 
of  the  solid  plate.  Acting  on  the  coti>^iilcr*« 
tion  that  the  rivets  are  in  double  ^bcar,  they 
might  theoretically  be  moved  to  a  distinoe 
ot  HJ  in.  apart  from  center  to  ceTitcr,  kir* 
ing  a  space  of  2|  in.  between  the  holj.  ftal 


be  twice  as  great  as  an  "ordinary'*  joint  i  increasing  the  strength  of  the  joint,  tllea*a^ 
made  with  rivets  of  the  htiine  dimensions,  ed,  as  before,  to  eighteen-twenty*fifihft,  of 
Judging,  as  we  have  said,  from  the  propor*  I  72  per  cent,  of  the  solid  plate«  If  a  pitdl 
tions  of  the  riveted  joints  of  the  kind  we  of  3jjin.  was  admissible  with  riiets  ^is. 
Arc  considering^  which  have  been  actually  I  in  diameter,  we  should,  as  will  be  setsti,  thea 
adopted  iu  practice,  the  fact  just  stated  has  obtain  an  increase  in  the  strength  nf  iht 
been  \erj  generally  overlooked,  and  the  joint  ef|ual  to  15J  per  cent,  ;  but  |kracti«Al* 
rivets  have  been  set  at  the  same  pitch  as  if  ly  it  m*ould  bo  impossible  to  keep  suoh  a  ioim 
they  were  iu  **  single  shear  "only*     Under   tight  under  high-pressure   steam,    and   wi 


tlicse  circumstances  the  strength  ot  the  rivets 
is  very  greatly  in  excess  of  that  of  the  length 
of  plate  left  between  the  rivet  holes,  and  the 
joint  is,  therefore,  to  some  uonsiderable 
«ictcnt,  weaker  than  it  would  be  if  proper 
proportions  were  adopted. 

The  actual  extent  to  which  the  strength 
of  a  butt-joint  with  covering  strips  on   both 

sides  is  deteriorated  by  the  adoption  of  a  tically  half  that  of  the  latter.  Tender  ihcie 
piteU  of  rivets,  etc.,  suitable  for  **  ordinary'*  <  circumstances  tho  pitch  will  be  IJ  -j"  3^=^  U 
ioint^,  depends  upon  other  considerations 'in,,  and  the  length  of  the  piece  of  plate  Ufk 
beiiilei  the  one  already  mentioned,  and  bow  between  each  pair  of  rivot  boles  will  bt 
{hh  u»  tho  case,  wo  can  perhaps  best  explain  |uiuo-iburteoutha  of  the  pitch,  the  itraii|tl^ 


therefore  come  to  the  conclusion  that  in  p!afi 
of  increasing  the  pitch  it  will  be  advi'^ahk 
to  reduce  tho  siste  of  the  rivets  in  order  U^ 
allow  for  the  latter  being  in  double  ^hcar* 
Let  us,  for  instance,  aHow  tho  di'^tance  be- 
tween the  rivet  holes  to  remain  Ig  in.  ;  aitd 
let  us  employ  rivets  g  in.  in  diameter  in  pbc4 


of  g  in,,  the  area  of  the  former  bein;:  jjroo* 
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tint  being  thus,   according  to   our 

niDc-fourteenths,  or  G4.285  per 
hat  of  the  solid  plate.  The  gain 
strength  of  the  joint  with  J  i°* 
1  2  in.  pitch,  is  not  so  great  in  this 
as  when  the  space  between  the 
ts  was  doubled  ;  but  it  neverthless 
to  over  8  per  cent — an  increase 
h  gaining. 

re,  we  think,  said  sufficient  to  ex- 
principles  which  we  consider  should 
in  wind  in  deteruiiuiug  the  pro- 
of riveting  for  butt-joints  with 
Dvering   strips,   and  we  need  not, 

say  more  about  these  principles 
t  before  leaving  the  subject  it  may 
(ting  to  point  out  a  deduction  to 
!  facts  above  stated  lead.  This  de* 
s  that  a  properly  proportioned 
cted  butt-joint,  with  any  given 
of  plates,  and  with  covering  strips 
side,  possesses  nearly  the  same 
is  a  properly  proportioned  double- 
ap-joint  or  butt-joint  with  a  cover- 
on  one  side  only.  In  a  properly 
icd  double-riveted  joint  the  spaces 
the   rivet   holes   (measured   along 

of  rivets,  not  zigzag)  should  be 
great  as  that  required  in  sin^ile 
iuts  having  rivets  of  the  same  d la- 
nd we  have  seen  that  the  same  rule 
0  single-riveted  butt-joints  with 
vering  strips,  hence  our  deduction. 
)le-riveted  butt-joint,  with  covering 
both  sides,  the  strength  bears,  of 
le  same  proportion  to  a  single-rivet- 
of  a  similar  class  that  a  double- 
ordinary  "  joint  does  to  a  single- 
ic. 

eluding  this  article  we  may  notice 
er  connected  with  riveted  joints  to 
ention  is  not  generally  paid,  and 
that  the  pro[>ortion  which  the 
[»f  the  joint  bears  to  the  solid  plate 
with  an  increase  in  the  diameter  of 
ta  used.  The  reason  for  this  i» 
nt.  The  area  of  rivet  increases 
nuare  of  the  diameter,  whereas 
to  of  plate  (measured  altmg  the 
e  joint)  removed  to  miko  room  for 
varies  as  the  diameter  of  the  latter 
lius,  supposing  that  with  a  certain 

of  plates  5  tn.  rivets  should  be 
i  a  pitch  of  2  in.,  leaving  IJ  in. 
he  holes,  then,  with  the  same  thick- 
lates,  IJ  in.  rivets  (supposing  the 
•h  rivets  was  admissible)  would  have 
red  at  a  pitch  of  (i\  in.,  the  spaces 
Vol.  I.— No.  4.-24. 


I  left  between  the  holes  being  4^  in.     In  the 

1  former   case  433  P*^"*  cent,  and  in  the  latter 

I  case  but  28  ptjr  cent  of  the  plates   would  bo 

removed  in  forming  the  rivet  holes.     This 

fact  shows  that  it  is  desirable  to  in  all  cases 

j  employ  in  riveted  joints  the  largest  diameter 

I  of  rivets  consistent  with   the  fulfilment   of 

other  requirements,  which  practice  has  shown 

to  be  necessary  for  the  attainment  of  good 

results. 


UNDERGROUND  RAILWAYS. 

THE    DIFFERENT    SYSTEMS    COMPARED. 

The  Metropolitan  Underground  Railway, 
in  London,  is  the  model,  from  which  any 
departure  would  be,  according  to  the  ma- 
jority of  newspaper  reports,  presumptuous, 
unsafe,  and  not  to  be  considered.  We 
propjse  to  review  very  briefly  the  various 
reports  relative  to  this  line,  and  the  opin« 
ions  of  engineers  upon  it,  with  a  view  to 
give  some  light  to  those  who  take  an  inte- 
rest in  the  subject  as  it  afiects  New  York 
and  other  American  cities. 

The  accounts  of  the  success  of  that  work, 
published  here,  appear  to  have  emanated 
from  the  promoters  of  various  schemes  of 
the  kind  for  New  York,  and  are  more  favor* 
able  than  those  we  find  in  English  engineer- 
ing journals.  For  example:  in  a  pamphlet 
on  the  Arcade  Railway  scheme  is  an  extract 
from  the  **  Evening  Post,"  purporting  to  h% 
from  a  report  of  an  eminent  American  engi- 
neer, stating  that  the  work  is  a  great  com- 
mercial success,  and  that,  thongh  it  cost 
enormously,  its  dividends  have  been  12  and 
15  per  cent.  But  in  the  **  Railway  News  '• 
we  find  that  the  dividends  have  been  5  per 
cent  for  the  first  year,  5  J  per  annum  for  the 
next  half  year,  and  7  per  cent  from  that 
time  to  the  last  half  yearly  dividend,  wliich 
was  at  the  rate  of  5  J  per  annum.  And  we 
find  that  there  has  been  a  serious  contro- 
versy, in  which  the  directors  have  been 
charged  with  impropriety  in  making  divi- 
dends out  of  capital.  A  public  accountant, 
Mr.  J.  P.  Lithyre,  in  a  pamphlet,  says  he 
was  requested,  professionally,  to  examine 
and  report  upon  the  aflFairs  of  the  company, 
and  that  he  found  that  the  dividends  had 
been  paid  muinly  out  of  capital ;  and  that 
the  earnings  hud  not  been  much  over  2  per 
cent ;  and  that,  after  closing  the  capital  ac- 
count, it  wimld  be  a  considerable  time  bo** 
fore  the  common  stock  would  receive  3  per 
cent  dividends. 

We  also  see  a  report  that  another  under- 


338  VAN  NOSTRAND'S  ENGINEERING  MAGAZINE. 

ground  line,  in  London,  from  the  post-office  were  inclined  to  propose  this  route  betwvea 
under  llolborn  and  Oxford  street,  is  pro-  streets,  as  much  as  possible,  in  open  cut- 
jected,  to  be  worked  by  stationary  engines. '  tings ;  but  were  constrained,  by  the  pro^ 
This  indicates  that  the  system  of  the  Metro-  pect  of  enormous  land  damages,  to  pro]MM 
politan  line  does  not  fully  satisfy  engi-  >  a  tunnel  under  Broadway.  And  the  mUr 
ueers.  **  Engineering,**  though  it  highly ,  underground  plans,  including  the  Arcade, 
lauds  the  construction,  rolling  stock,  and  |  have  the  same  feature  of  being  entirely  eof- 
working  of  the  3[etropolitan,  has  speculated  ered,  therein  differing  from  the  Metropoli- 
on  improvements  which  would  involve  a  \  tan,  which  is  one-third  in  open  cuttingi. 
general  reconstruction,  or  something  nearly  ^  Messrs.  WilUon  and  Robinson  propose  to 
equivalent.  ventilate  through  hollow  lamp  post4  fourteei 

And  there  are  other  systems,  which  for !  inches  in  diameter;  and  the  Arcade  L»  pro- 
Bome  years  have  been  discussed,  which  im- '  posed  to  be  ventilated  trough  the  arefs  d 
ply  that  the  Metropolitan  is  not  the  best  i  the  buildings.  We  do  nut  believe  thai 
system  for  city  passenger  traffic,  however  fit '  either  plan  of  ventilation  would  render  the 
it  may  be  for  the  work  of  the  Great  Wes-|air  wholesome  or  endurable  ;  and  the  T«ih 
t€rn  railway,  for  which  it  was  built, — being  ,  tilation  through  the  areas  would  vitiate  the 
an  extension  of  that  line  into  the  heart  of!  air  in  the  buildings,  especially  when  tk 
the  city.  Of  these  proposed  systems,  that  \  windows  are  open.  Neither  plan  wonU 
of  Mr.  P.  W.  Barlow,  has  found  most  favor,  work  so  well  as  that  of  the  Metropolian; 
Its  main  features  are  :  1st.  iStations  on  sum-  '  and  that  excites  much  complaint,  and  thoogk 
mits,  thirty  feet  or  more  above  the  general '  its  friends  are  reticent  about  it  in  puUie, 
level  of  the  line.  2d.  Starting  the  trains  i  they  privately  admit  that  it  is  far  from  »t- 
from  the  stations,  by  very  powerful  stationary  >  isfactory.  Mr.  Johnson,  its  resident  engi- 
engines,  at  speed  sufficient  to  send  them  to ,  neer,  while  in  this  city,  said  that  the  com- 
the  next  station.  *^ Engineering'' decidedly  pany  intended  to  buy  more  land  to  nitke  ' 
approves  the  summits,  even  for  lines  worked  i  more  openings;  and  Mr.  Dredge,  an  enp- 
by  locomotives.  ;  neer,  who  was  employed  in  the  construction, 

Of  the  plans  proposed  here,  which  have  informed  us  that,  twenty  feet  inside  the 
been  before  the  Legislature,  the  first  con-  tunnels,  the  sulphurous  (»dor  of  the  gwet 
ceived  was  that  brought  before  the  Lcgisla-  was  perceptible.  And  there  have  l^eon 
tureby  Mr.  Schuyler,  two  or  three  years  ago. '  reports  in  the  journals  that  the  health 
It  was  published  in  1852,  in  *' Appleton*s  '  of  the  employees  has  been  seriously  inpai^ 

Mechanics'  Magazine,"  by  W n,  (whom  ■  ed,  and  several  passengers  have  died  on  the 

we  take  to  be  Mr.  Worthen,  C.  E.,  then  '  line.  Compared  with  the  open  cutting  pUn, 
attached  to  the  New  Haven  railway.)  Its  this  plan  is  so  inferior  that  no  just  amount 
chief  object  was.  to  bring  down  to  the  lower  ;  of  land  damages  can  warrant  its  adoption,  if 
part  of  the  city  the  cars  of  the  New  Haven  '  wc  may  judge  from  the  evidence  that  hai 
and  other  country  lines  ;  but  it  also  had  a  .  come  under  our  notice ;  and  the  close  tun- 
secondary  object,  which  was,  the  city  pas-  nel  and  arcade  plans,  we  believe,  woiiM  be 
senger  traffic.  These  objects  are  the  same '  so  much  worse  that  locomotives  couM  not 
as  those  of  the  London  line  ;  and,  had  the  i  be  used  in  them  without  repelling  the  greater 
plan  been  adopted  here,  probably  it  would  '  part  of  the  people  for  whose  use  the  wurk  ifl 
have  resulted,  as  there,  in  a  success  of  the   proposed. 

subordinate  object,  to  such  extent  as  to  em- '  There  have  been  other  plans,  but  as  they 
barrass  the  chief  object.  This  plan  was,  to  seem  not  likely  to  get  moneyed  backers,  or  to 
run  a  double  track  railway,  in  an  open  cut-  be  further  urged,  we  have  no  occasion  to 
ting  between  Broadway  and  Moreer,  and  seek  for  their  faults,  and  we  know  of  no 
other  streets  in  lino.  Since  that  time  it  has  ,  merits  in  them  that  require  us  to  notice 
boconie  much  more  difficult,  on   account  of!  them  particularly. 

the  buildings  that  have  been  put  up  on  the  These  tunnels  would  have  a  different  char- 
rears  of  the  lots ;  some  of  which  have  cost '  acter  could  they  be  worked  by  stationary 
highly,  and  would  greatly  enhance  the  land  '  engines,  either  on  the  rope-traction  system, 
damages.  '  or  on  Barlow's  system  of  impulsion.     The 

Mr.  Willson,  at  first,  actively  proposed  ■  rope  system  has  not  yet  got  beyond  a  very 
the  underground  line  in  New  York,  after  ex- ;  feeble  infancy,  totally  inadequate  to  thcserv- 
amining  fully  into  the  London  line,  and  3Ir.  '  ice  required  in  this  city.  That  of  Barlow 
A.  P.  llobinson,  C.  E.,  who  assisted  him,  j  has  not  been  oven  tried,  but  it  looks  well  in 
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theory.  And,  compared  with  the  open  cut-  a  speed  of  60  miles  an  hour ;  it  will  not  only 
ting  plan,  for  the  line  between  Broadway ;  overcome  the  inertia  of  its  weight,  but  will 
ud  Mercer  street,  we  think,  in  view  of  the  also  overcome  the  additional  inertia  of  its 
bod  damages,  that  Barlow's  system  is  not  wheels  and  axles  as  rotating  bodies-  It  will 
■■likely  to  be  deemed  best,  after  full  con-  i  then  continue  to  run,  on  a  level,  at  60  miles 
lidemtion  of  the  advantages  and  disadvan-  ;  an  hour,  until  it  reaches  the  next  incline, 

,  which  it  will  ascend,  and  arrive  at  the  sum- 


aiges  of  both  plans. 

Barlow  represents — in  papers  read  before 
lie  Society  of  Civil  Engineers — that  the  cost 


mit   with  its  speed  extinguished.     In  this 
case  we  suppose  that  it  has  had  no  friction 


»f  the  permanent  way  will  be  much  lessened  ;  or  atmospheric  resistance,  or  that  these  rosist- 
f  the  42-ton  locomotives  c»n  be  got  rid  of. !  ances  have  been  overcome  by  additional 
[t  is  commonly  held  that  a  4-coupled  loco- 1  power  given  by  the  stationary  engine.  Thus 
Botivc  of  this  class  injures  the  track  fully  the  power  required  to  start  is  given  by  grav- 
is much  as  twice  its  weight  of '  carriages ;  I  itation,  and  taken  back  by  gravitation  ;  and 
nd,  as  the  trains  weigh  but  80  tons,  it  fol-  i  only  the  power  necessary  to  overcome  the  re- 
ows  that  more  than  half  the  cost  of  track  '  sistances  of  steady  running  has  to  be  given 
■  by  the  engines.  And  this  wear  is  such, !  by  the  fuel,  with  a  small  addition  for  an 
kat  the  steel  rails  have  to  be  renewed  in  two  excess  of  speed  of  six  miles  an  hour,  at  the 
rears.  He  also  represents  that  the  cost  of  sta-  ;  end  of  each  run,  to  save  time. 
ionary  engines  would  be  much  less  than  ;  In  this  mere  illustration  we  have  suppos- 
hat  of  locomotives.  And  fuel  of  ordinary  ,  ed  an  inclined  plane  from  the  summit,  and 
[oality  could  be  used,  instead  of  the  best '  a  level  to  the  next  incline  ;  but  Mr.  Barlow 
oke,  at  double  the  cost  of  coal.  But  the !  proposes  a  cycloid al  curve  from  summit  to 
■oat  striking  advantage  claimed  is  a  consid-  summit,  as  the  line  of  quickest  transit. 
Tably  higher  speed ;  the  stationary  en-  j  In  the  descent,  on  the  inclined  plane, 
[ioe,  drawing  by  means  ofa  chain,  is  not  limit- !  the  car  would  run  an  eighth  of  a  mile  at 
id  in  power  like  the  locomotive,  by  liability  to  ;  an  average  speed  of  thirty  miles  an  hour, 
lip,  but  may  draw  with  a  force  equal  to  the  and  would  then  run  a  quarter  of  a  mile  at 
reight  of  the  train,  or  greater ;  whereas,  |  the  rate  of  sixty  miles  an  hour,  and  then  as- 
he  Metropolitan  engines  draw  with  a  force  -  cend  the  next  incline  at  an  average  of  thirty 
lot  exceeding  j^^th  of  the  weight  of  the '  miles  an  hour,  making  three-quarters  of  a 
raiD  and  engine.  Therefore,  in  a  thirty-  minute  for  the  half  mile.  It  would  then  stop 
ifth  of  the  distance  between  stations,  the  three-quarters  of  a  minute — which  is  the 
tationary  engine  may  do  as  much  work  as  '  time  on  the  Metropolitan — making  one  and 
he  locomotive  can  do  in  the  whole  distance,  a  half  minutes,  or  three  minutes  per  mile, 
knd  practically,  there  is  no  doubt,  a  sta-  Or  an  average  speed  of  twenty  miles  an  hour, 
iooary  engine,  working  with  a  chain  with  stations  one-half  mile  apart.  Now 
'ver  two  pulleys  two  hundred  feet  apart,  •* Engineering*'  computes  that  13 J  miles  an 
Aay  start  a  car  or  a  train  with  suflicient  i  hour  is  the  highest  speed  practicable  on  the 
pe*'d  to  overcome  all  the  resistances  on  a  Metropolitan  system,  with  stations  five- 
ine  of  half  a  mile,  and  arrive  at  the  next  eighths  of  a  mile  apart.  Thus  it  seems 
tation  at  a  useful  speed  of  six  miles  an  hour  that,  without  exirceding  the  maximum  speed 
T  more.  The  descent  from  the  summit  will  obtained  on  English  railways — 04  to  75 
lelp  to  give  the  speed  ;  and  the  ascent  to  miles  an  hour — we  can  get  an  average  speed 
ha  next  summit  will  help  to  extinguish  it.  one-half  greater  by  Barlow's  system  than 
»r  will  reduce  it  to  a  low  rate,  which  the  we  can  get  by  the  Metropolitan  system,  or 
•rakes  will  extinguish  without  much  wear  of  the  modifications  of  it  proposed  here. 
rheels.  Comparing  the  plan  of  Mr.  Schuyler  or 

To  explain  this,  let  us  suppose  an  execs- '  Mr.  Worthen  with  the  tunnel  or  arcade,  we 
ive  undulation  of  the  line.  Let  the  stations  find  certain  advantages  in  each.  As  to 
»e  on  a  level  with  the  sidewalks,  so  that  the  speed,  it  will  be  greatest  where  steam  can 
lassengers  need  not  hfcive  the  fatigue  of  going  be  made  most  freely,  that  is,  in  the  cuttings, 
lown  and  up  stairs,  for  twenty  feet  average  In  the  tunnels,  on  the  Metropolitan,  the  ex- 
«  proposed  by  the  tunnel  projectors,  or  sev-  haust  is  turned  into  a  condenser;  and  not 
nteen  feet  as  proposed  by  the  arcade  people,  more  than  one-oighth  as  much  steam  is  made 
'rem  these  stations  let  the  line  descend  both  as  is  made  in  the  cuttings,  where  the  blast 
rays,  at  the  rate  of  1  in  5,  for  600  feet.  In  is  used.  And  here,  we  are  confident,  the 
unoing  down  this  incline,  a  oar  will  acquire  covered  ways  will  prohibit  rapid  steaming; 
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and  high  speed  will  bo  attained  only  in  the 
open  cuttings.     On  the  other  hand,  the  cov- 
ered line  will  be  protected  from  atmospheric 
influences,  which  will  render  a  better  con- : 
fttruction  practicable,  and  insure  greater  du- 
rability, and  get  rid  of  the  troubles  due  to 
Bnow  and  ice,  and  the  cost  of  removing  them. ' 
This  advantage  will  be  most  fully  attained 
in  Barlow's  plan ;  for  that  admits  of  being 
entirely  housed,  covered,  and  ventilated  by. 
the  best  methods  ;  so  that  the  temperature  , 
peed  not  vary  beyond  the  limits  of  (ji)^  in  ; 
winter,  and  80*^    in  summer.     The  perma- ' 
nent  way  may,  therefore,  be  uncommonly 
permanent ;  but  whether  the  air  will  be  pure 
enough   for  health   and  comfort  is  a  more 
doubtful  question,  which  may  be  answered, 
juore  or  less  confidently,  by  those  who  are  [ 
accustomed   to  ferry  boats,  city  cars,    and  - 
other  conveyances  controlled  by  men  who ' 
have  got  their  franchises  by  favor  or  other- , 
wise,  and  use  them  solely  to  gain  all  they 
can  by  them.     In  view  of  such  uncertain- , 
ties,  the  open  cutting  will  have  numerous  i 
advocates. 

A   station  on   the  Barlow  plan  will  oc- ! 
cupy  the  lower  story  of  nearly  the  whole 
rear  of  a  block,  for  a  width  of  30  feet ;  but 
it  may  be  built  over,  to  any  height,  by  those  ' 
who  supply  dark  ofiices  to  people  who  are  so  . 
improvident   as    to   use  them.     From   this 
block  the  line  will  descend  so  rapidly  as  to 
go  under  other  blocks,   without  disturbing 
them — the  tunnels  being  driven.    The  land 
damages  will  therefore  not  much  exceed  the 
cost  of  laud  for  the  stations. 

The  cutting  plan  will  occupy  at  least  28 
feet  wide  through  the  back  yards.  This,  or 
even  40  feet,  would  really  be  no  loss  to  the 
property,  for  the  light-room  would  be  worth 
more  than  the  buildings  that  could  be  put 
upon  it;  but  this  is  not  the  opinion  of  land 
owners,  and  the}'  would  demand,  and  proba- 
bly get,  immense  damages — perhaps  so  much 
as  to  render  the  work  unproductive 

There  is  another  plan  proposed  in  a  paper 
on  underground  railways,  read  before  the 
Polytechnic  (!liib  of  the  American  Institute, 
by  Mr.  J.  K.  Fisher.  He  proposes  to  adopt 
the  open  cutting  plan,  locating  it  wh<*re 
laud  daman;es  may  be  less  than  on  the  line 
between  Broadway  and  Mercer  street ;  and 
to  modify  it  by  layinir  an  iron  floor  instead 
of  rails,  and  by  runninir  steam  carriages  in- 
fit-  ad  of  trains  drawn  by  loccmiotives.  He 
olaims  that  the  carriages  can  pass  each  other, 
60  that  through  carriages  can  run  from  end 
to  end  without  stopping,  at  full  speed  ;  and 


that  the  speed  may  be  greater  than  U  at* 
tainable  on  rails,  because  the  flange  and 
cone  friction  will  be  avoided.  For  an  sp- 
and-down  line  40  feet  width  would  le  re- 
quired ;  and  a  guard  in  the  middle,  to  keep 
down-carriages  from  meeting  up-carria^ 
might  be  adopted ;  so  that  colliftionft  cofoU 
occur  only  by  carriages  overtaking  othen, 
and  the  violence  would  be  in  proportioi  te 
the  difference  of  their  speed,  and  not  so  great 
as  to  cause  injury  to  persons.  But  vben 
two  streets  of  this  kind  are  bnih,  one  aaj 
be  used  for  upward,  and  the  other  for  dowi- 
ward  carriages,  and  the  guard  may  be  re- 
moved. No  pedestrians,  and  no  vehielei 
but  those  of  the  company,  to  bo  allowed  in 
these  undergrade  streets ;  and  all  vehielei 
to  run  at  one  rate  of  speed  when  on  the  mid- 
dle of  the  street ;  and  to  turn  oat  before 
they  stop.  The  stations  may  be  nearer  to- 
gether than  on  a  railway ;  and  the  waj-ear^ 
riages  may  pass  some  of  them,  so  as  to  make 
fewer  stops  than  trains  must  make  ;  for  ex- 
ample :  Carriage  A,  starting  from  station  1, 
may  stop  at  station  3,  5,  7,  etc.,  or  at  4,  7, 
10,  etc.;  and  carriage  B  may  stop  at  inte^ 
mediate  stations,  so  that  passengers  will  be 
better  accommodated,  and  the  speed  will  be 
less  interrupted  than  on  rails,  where  every 
.  passenger  must  stop  at  every  station. 

kSteam  carriages  arc  under  a  cloud,  vhicb 
their  friends  regard  as  a  cloud  of  ignorance. 
They  were  designed  for  common  roads,  aad 
ran  upon  them  to  the  extent  of  50,000  miles 
or  more,  before  railways  got  much  into  u#e. 
!  They  were  practically  approved  by  several 
of  the   best   mechanical   engineers   in  the 
world,  who   took  out  patents  for  iuiproTe- 
mcnts  in  them,  and  built   them.     Among 
these  engineers  were  Maudsley,  Field,  and 
Kichard  Koberts,  then  at  the  head  of  their 
profession ;  and   Scott   Russell  and  W.  A. 
Summers,  then  rising  to  celebrity.     But  the 
irou  road  beat  the  macadam  road ;  and  the 
locomotive,   then   called   a  steam  carriage, 
was  supposed  to  have  beaten  a  lighter  steam 
carriage  ;  but  there  was  powcrtiil  opposition 
to  both  systems  of  steam  locomotion,  against 
which   the  common  road  carriages  did  not 
prevail.     But  about  twenty  years  ago  Mr. 
Brydges  Adams  proposed  steam  carriages 
for  railways,  and  built  several,  which  worked 
well   where   the   traffic  was   insuflieient  for 
trains.     In  this  country  we  call  them  steam 
cars,  and   have   used    them,    and   still   use 
them,  to  a  considerable  extent;  and  Mr.  A. 
P.  Robinson,  in  his  report  of  a  plan  for  a 
tunnel  railway  uuder  Broadway,  proposes  to 
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adopt  them  exclusively  for  that  line ;  and '  a  floor,  and  no  person  will  be  hurt ;  but  if  a 
givtf  engravings  of  two  plans,  one  bj  Orice  locomotive,  or  a  car  in  a  train,  break  down 
mad  Lfin^,  the  other  by  Mr.  Fisher.  Take  all  that  follows  will  dash  against  it,  and 
the  flanges  from  their  wheels,  and  add  steer-  many  may  be  killed  and  wounded.  There 
iag  gear,  and  these  cars  become  steam  car-  fure  it  is  necessary  to  make  the  railway 
riagvd  capable  of  running  on  any  good  road,  vehicles  excessively  strong  and  heavy  for 
It  ia  iiiip|iosed  that  they  cannot  run  profit-  safety.  The  cars  on  the  Metropolitan  weich 
ably  oo  a  poor  road ;  but  none  who  have  \  sixteen  tons  empty.  Half  this  weight  could 
examined  them  doubt  that  on  iron  or  even  be  saved  were  they  not  subject  to  be  strain- 
Hoae  floors  they  can  work  advantageously.  |  ed  by  the  42-ton  engines,  and  were  there  no 
The  question,  therefore,  is:  can  light  en- 1  serious  harm  to  come  in  case  uf  breakinir 
giaes,  on  equally  good  roads,  with  stations  •  down. 

half  a  mile  apart,  work  more  economically '.  Considering  all  these  conditions,  \l 
than  heavy  engines  ?  Can  1*25  tons  be :  is  probable  tbat  eight  times  more  fuel 
■topped  and  started  as  cheaply  as  ten  tons, !  is  consumed  on  the  Metropolitan  railway 
•r  less  ?  Mr.  Robert  Fairlie,  C.  E.,  distiu-  for  an  equal  number  of  passengers  carried 
guished  as  the  inventor  of  a  new  locomotive  \  than  would  be  consumed  on  an  iron  floor 
that  is  coming  much  into  use,  has  shown,  in  by  steam  carriages  ;  and  that  this  con- 
a  paper  read  before  the  Society  of  En-  j  sumption  of  fuel  is  an  approximate  index  of 
gineers,  that  the  average  number  of  passcn-  j  the  wear  and  tear  of  engines  and  carriages. 
gars,  per  train,  on  the  Metropolitan  railway  j  AH  these  schemes  should  be  tested  so  far 
is  55.  A  lU-ton  carriage  could  carry  them;  as  practicable,  before  risking  a  vast  capital 
and  most  of  the  work  done  in  the  middle  of  upon  any  of  them.  The  cost  of  testing  the 
the  day  could  be  done  by  a  few  light  car-  j  economy  of  either  of  the  railway  plans 
riages,  leaving  the  greater  number  at  rest  would  be  great, — miles  must  be  built  and 
until  the  movement  of  people  to  and  from  ;  worked,  for  some  time  before  a  reliable  judg- 
their  business.  Not  only  is  an  unnecessary  \  ment  could  be  formed.  But  to  test  the  un- 
weight  of  train  used  for  a  small  traffic  dur- .  settled  questions  relative  to  steam  carriages 
ing  a  great  part  of  the  day  ;  but  this  weight  '■  whether  they  can  be  steered  securely  at  the 
strips  and  starts  at  all  stations,  and  cannot  speeds  desired,  and  can  work  effectively  and 
do  otherwise  on  this  system.  Now,  on  seve- :  economically,  would  involve  little  cost  for 
ral  of  our  railways,  whose  maximum  speed  I  one  may  be  tried  on  any  good  macaJam 
is  not  much  greater  than  that  on  the  Metro- '  road.  A  very  large  boiler  would  be  rcquir- 
politan,  can-fill  observations  have  been  ed  to  test  the  practicability  of  steering  and 
Bade,  to  find  the  cost  of  stopping  and  start-  handling,  at  high  speed,  on  a  common  road  * 
ing  trains ;  and  thoy  agree,  very  nearly*  l>nt  this  would  be  allowed  for  in  estimating 
that  one  ci^nt  per  ton  is  about  the;  cost.  Mr.  the  useful  load  that  may  be  carried  on  an 
A.  F.  Smith,  ten  years  ago,  when  super  in-  iron  floor. 

tendent  of  the  Hudson  River  railway,  esti- ;  In  this  plan  the  way  traffic  will  not  retard 
mated  that  it  cost  $1.25  to  stop  and  start  a  the  through  traffic,  nor  the  intermediate 
passenger  train  on  that  line,  on  which  the  traffic,  but  each  carriage  will  run  at  as  high 
trains  averaged  about  125  tons.  Now  there  a  speed  as  if  it  had  the  whole  road  to  itself* 
li  an  advantage  in  favor  of  a  steam  car-  A  carriage  that  loads  at  the  Battery  and  un- 
riage,  in  that  it  can  stop  by  reversing,  and  loads  at  Harlem,  will  run  through  at  full 
thus  avoid  wear  of  its  wheels  by  brakes;  speed;  and  one  that  stops  at  two  or  three 
and  this  advantage,  where  st(»p3  are  fre-  stations  below  Canal  street,  to  pick  up  pas- 
quent,  gi>es  fur  to  balance  the  greater  econ-  senprtTs,  will  run  eiglit  miles  at  full  speed 
oniy  of  large  engine!*,  so  that  it  is  not  ox-  and  then  stop  at  two  or  three  statitm.s  to  sot 
travasrant  to  say  that  one  cent  per  ton  would  them  down  and  pick  up  others.  And  the 
pay  for  stopping  and  starting  it,  and  that  short  traffic,  by  alternate  carriages  stopping, 
this  considerable  part  of  the  working  ex-  will  be  made  somewhat  speedic?  than  it  can 
penses  will  be  lessoned  in  proportion  as  the   be  on  rails. 

weight  to  bo  stopped  is  lessened.  But  as  The  tractive  force  of  the  locomotive  is 
the  through  carriages  will  make  but  few  relatively  small — ^$0  tons  on  the  drivers  to 
rtops,  and  the  way  carriages  will  stop  less  125  tons  total  weight;  but  the  steam  ear- 
thau  the  trains,  there  will  be  further  reduc-  riages  will  have  twelve  ttms  on  the  drivers 
tion  on  this  score.  Moreover,  if  a  single  to  20  tons  total  weight;  its  power  to  start 
carriage  breaks  down,  it  will  slide  along  on   quickly   will,  therefore,  bo  greater  in   the 


342  VAN  NOSTRAND'S  ENGINEERING  MAGAZINE. 

proportion  of  two  and  a-half  to  one ;  and  j  stopping,  which  is  five  and  one-half  BiinatH 
this  would  enable  it  to  attain  a  considerably  |  per  mile,  or  less  than  eleven  miles  per  boar 
higher  average  speed  on  the  short  traffic.  ■  average  speed.  This  is  about  what  "  Kn- 
it is  understood  that  on  long  runs  the  speed  cineering  "  estimates  for  a  line  like  tJbe 
is  due  to  the  boiler ;  but  on  short  runs  it  is  I  Metropolitan,  if  its  stations  were  only  half 
due,  in  a  great  measure,  to  the  cylinders, '  a  mili;  apart ;  and  we  suspect  that  Mr. 
since  they  get  up  the  speed.  Mr.  Fisher  1  Hawkshaw  has  aimed  merely  to  equal  the 
claims  that  sixteen  miles  an  hour  may  be  '■  speed  of  that  system,  and  that  he  has  fomid 
got  on  the  short  traffic,  and  40  on  the  I  no  encouragement  to  aim  at  more. 
through  traffic,  and  intermediate  rates  on  I  Which  system,  then,  is  wanted  ?  Speed, 
the  intermediate  traffic,  according  to  the  |  we  presume,  is  the  chief  object  in  the  esti- 
frequency  of  stops  ;  and  these  rates  will  not  j  matiou  of  the  customers,  who  are  ultimatelj 
tax  the  engines  or  the  way  more  than  they  |  to  pay  for  the  work.   Fresh  air  is  also  growing 


are  taxed  in  English  foot  passenger  practice, 
or  on  the  Metropolitan  railway 


into  favor,  to  such  an  extent  as  to  miti^te 
the  objection  that  it  would  cost  consideraUj 


Having  thus  compared  the  Barlow  tunnel :  to  keep  the  open  way  free  from  snow  and 
plan  with  the  open  cutting  plan,  worked  in  ice.  These  two  requihitcs,  speed  and  air, 
two  different  ways,  and  shown  that  the  |  will  b%  most  surely  found  in  the  outtiug. 
speeds  probablv  will  be,  for  the  railway  in  { But  they  must  be  paid  for  in  land  damagei, 
the  cutting,  thirteen  and  three-quarters  at  |  etc.     The  other  plan,  that   of  Barlow,  " 


the  utmost,  and  for  the  floor,  sixteen  to  40, 
and  in  the  Barlow  tunnel  it  may  be  20 ;  we 
may  briefly  consider  the  speed  of  the  rope- 
traction  tunnel  plan  which  Mr.  Hawkshaw 
proposes  to  go  under  Holborn  and  Oxford 
street.  The  wire  rope  is  to  run  all  the  time 
at  sixteen  miles  an  hour,  and  the  cars  are  to 


very  comfortable  in  theory  ;  but  in  practice 
we  should  expect  more  or  less  foul  air,  not 
to  mention  want  of  daylight.  And  the 
average  speed  may  be  set  down  at  a  third 
less  than  that  on  the  iron  floor.  But  Mr. 
Barlow  estimates  that  the  running  expenses 
will  be  small  compared  with  locomotive  ex- 


have  means  of  **  slipping  the  rope,'*  which,  i  penses.     Into  those  estimates  we   are  not 
we  presume,  means  that  they  are  to  catch  |  prepared  to  go,  and  we  find  no  careful  esti- 
hold  of  it   in  such  wise  that  there  will  be  j  mates  in  our  cotemporary  journals, 
some  kind  of  yielding,  that   the   car  may  i      Having  given  the  gist  of  all  wo  find  wortb 
start  gradually.    Mr.  Harvey,  on  the  Green- !  reporting  in  the  journals  and  other  records, 
wich  street  elevated  railway,  has  springs  on  :  we   might   stop ;  but   there    is  a  modifying 
his  cars,  which  are  bent  by  the  rope  to  soften  !  power   which   often  overrules  the  opinions 
the   shock,  and  to  avoid  loss  of  power  by  i  and  even  the  experience  of  engineers,  and 
friction.     But  this  plan  does  not  work  well  j  which  is  very  likely  to  derange  such  matters 
even  at  eight  miles  ar  hour ;  and  the  ro|)0  j  in  this  city.     Lobbiers  go  to  the  Legisla- 
system  on  the  Blackwall  railway  did  not  do  ture  and  buy  franchises  to  sell.     These  lob- 
what  is  required  for  the  lines  now  proposed;   biers  know   nothing  of   engineering ;  they 
and  we  know  nothing  of  Mr.  Hawkshaw*s '  take   what   has   been  succesful  elsewhere; 
new  devices,  if  he  has  any  ;  and  though  we  ,  they  exaggerate  its  success  ;  they   get  up 
don't  venture  to  say  what  can't  be  done,  we  |  companies  ;  they  bull  their  stock  and  water 
say  that  the  rope  S3'stem  has  had  a  long  >  it,  and  sell  it;  their  job  is  then  completed, 
trial,  under  the  Stephensons,  and  failed  to  j  And  it  is  good  luck  if  the  plan  they  h%ve 
et^ual  the  locomotive  ;  and  it  must  be  farther ,  established  is  not  a  bad  one,  made  worse  by 
improved  before  it  will  equal  the  plans  we  i  being  put  in  a  place  for  which  it  was  not  de- 
have  herein  set  forth  at  some  length,  but .  signed.     It  may  have  on  it  the  names  of  cn- 
not  fully.      But  we  will  suppose,   for   the|gineers;  but   engineers,    like    lawyers  and 
comparison,  that  Mr.  Hawkshaw  has  devised   other  advocates,  look  out  for  fees.     As  one 
means   to   take   hold  of  the   running   rope   has  little  faith   in  a  lawyer  whom  he  does 
without   wearing   it,  and   to   start  his  car  i  not  pay  himself,  so  he  may  about  as  well 
gently,   and   to  do  all  he  requires  in  this   look  out  for  engineers  whom  he  does  not 
detail.     What,  then,  is  to  be  his  speed?    it   pay.     Not  that    engineers    are    less  honest 
will  be  liberal  to  take  only  one  mile  from  I  than    other   professional    men  ;     but,    like 
his  sixteen  for  the  half  speed,  while  the  cars  ,  others,  they  are  of  all  sorts  ;  some  will  re- 
are  stopping  and  starting  every  half  mile,   sign  their  employments  rather  than  betray 
It  will    require,  then,  two  minutes  to  run   stockholders,  or  swindle  the  public;  othem 
/i«lf  a  mile,  and  three-quarters  of  a  minute  ,  will  hesitate,  etc.     But  any  set  of  lobbiers 
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^^^t!ri&^  IRON  ARGUED  BRIDGES. 

tkere  mav  be  better  plans,  which,  whenever    From  a  pnpcr  before  the  SocietcdesIngenicursCiriliiy 

set  to  work,  will  underwork  and  render  pro- ;     J>y  ^'  ^^""■y*"?"**"^^".^'^*  *PpHc»il()n  «f  hia 
«  ,         ^,         ,  ,  .  ,  ^i        r  theory  of  orohua  to  toe  building  of  iron  bridicet. 

itkss  the  plans  which  are  thus  far  succesH-  •  "^  as 

fal,  onlr   because  they  have  only  old  and  j      For  several  years  cast  iron  has  success- 

worM  plans  to  compete  with.     And  we  sug-  i  fully  taken  the  place  of  wrought   iron   in 

gest  to  city  men,  who  want  these  improve- 1  iron  bridges,  with  the  exception  of  tubular 

BitrBts,  and  intend  to  take  and  hold  stock  in  !  and  suspension  bridges.     The  difference  in 

tkvm,  that  they  would  do  well  to  employ  :  the  cost  of  wrought  and  cast  iron  is  not  the 

en^zineers,  on  their  own  account,  to  get  up  :  only  reason  of  this  change.     In  fact,  if  cast 

CaB«,  rather  than  buy  the  franchises  which    iron  offers  as  much  resistance  as  wrought  to 
bbiersi  have  got  from  the  Legislature.  compression,  it  is  quite  different  as  regardii 

In  conclusion,  wc  judge  from  the  some-  tension,  and  it  is  known  that  engineers 
what  Ta<ruc  evidence,  that  the  success  of  the  reckon  little  on  the  resistance  of  cast  iron 
Metropolitan  railway  has  been  greatly  ex-  when  undergoing  strains  of  this  nature  ; 
ag;gerated ;  that  the  plan  is  deemed  defect-  ■  they  then  prefer  to  use  wrought  iron,  which 
ire  by  many,  if  not  mo.st  engineers;  that !  allows  them  to  obtain  much  smaller  sect iona 
it  was  not  planned  for  the  use  into  which  it  i  than  they  could  if  they  employed  cast  iron, 
has  Qnezpectcdly  fallen  ;  that  there  are  bet- 1  The  possibility  will  thus  be  perceived,  in 
ter  plan^  for  city  traffic ;  and  that  it  is  not !  employing  wrought  iron,  of  reducing  the 
at  all  fit  to  go  under  streets  where  there  |  building  expenses  of  iron  bridges  where  the 
cannot  be  openings  enough  to  allow  the :  metal  offers  resistance  to  tensile  strains. 
tteam  bUbt,  at  regular  intervals,  for  at  least ;  But  in  supposing  it  possible  to  obtain,  iu 
a  third  of  the  way.  And,  finally,  that  it '.  this  manner,  a  certain  economy,  there  would 
eannot  be  applied  in  this  city  so  usefully  as  I  bo,  by  that  very  fact,  a  reduction  in  the 
either  of  the  other  plans  which  wc  have  re- .  mass  of  the  construction:  a  consequence  of 
ported.  !  this  reduction  of  the  mass  is  a  diminution 

In  these  comparisons  we  have  supposed !  in  the  stability,  because  it  is  highly  import* 
the  highest  speeds  that  can  be  attained  ■  ant  that  the  bulk  of  vehicles  and  casual 
as  about  equal  to  what  is  practiced  on  weights  be  as  small  as  possible  in  relatioit 
the  Metropolitan  railway.  It  may  be  [  to  that  of  the  construction  itself.  Finally^ 
thnuirht  that  the  speeds  should  be  less,  so "  the  theory  of  iron  bridges,  whore,  at  cer- 
that  the  expenses  and  faros  may  be  less. '  tain  points,  the  metal  offers  resistance  to 
But  the  time  of  5.S  passengers,  for  the  4.S  |  tension,  and  at  others  to  compression,  is  not 
minutes  nnjuircd  to  go  a  mile,  is  worth  82.  yet  established,  and  engineers,  obliged  to 
dl,  at  one  cent  per  minute  per  person,  which  -,  have  recourse  to  experience,  prudently  avoid 
i*  a  low  avera;rc  for  business  men.  And  extending  tlie  results  to  buildings  of  differ- 
thii  high  cost  of  time  ought  to  be  lessened.  '  ent  dimensions  from  those  they  have  already 
Bat  those  who  do  not  appreciate  this  econo- !  tested. 

my  may  a«*sume  any  lower  rate  of  speed,  at- '  Cast  iron  bridges  do  not  offer  the  samo 
tended  by  less  wear  and  tear,  and  by  lower  I  drawbacks.  They  may  be  so  arranged  that 
fares.  And  the  saving  will  be  as  great  in  !  the  metal  will  only  have  to  resist  compres- 
one  hystcm  as  in  another,  so  far  as  we  can  sion,  and  the  low  price  of  the  metal  allowH 
nnw  judge ;  and  the  comparison  which  we  '  a  lesser  economy  of  the  bulk  employed., 
hive  made  for  high  speed  will  hold  g(»od  for  '  These  motives  seem  to  sufficiently  explain 
my  lower  rate  that  may  be  acceptable  to  the  preference  given  at  th«  present  day  to 
pa.4«vngers,  and  pmfitable  to  the  carrier.  "  the  use  of  cast  iron  in  the  building  of 
!  bridges. 

AGrxpowPEK  PiLE-DUiVER  was  do-  ^  Let  us  now  attempt  to  show  how  our  the- 
scribed  at  a  late  meeting  of  the  Frank-  ory  of  arches  may  be  applied  to  the  build- 
lin  Institute.  It  resembles  the  ordinary  ing  of  cast  inm  bridges.  An  arch  of  a  cast 
pile-driver,  except  that  a  charge  of  powder  inm  bridge  comprises  three  distinct  parts, 
i*  explnilod,  whereby  the  weight  is  forced  up,  Firstly,  the  roadway  and  superstructure  ; 
where  it  iseaught,  till  anothercharge  is  insert-  secondly,  tlie  ea>t  iron  framing  comprised 
cd.  A  4tH).{ioiind  hammer  can  be  operated  between  the  floor  and  the  extrados,  and 
with  musket  charges,  driving  the  piles  quicker  '  (equivalent  to  the  stone  work  of  stone 
ani  better  than  the  ordinary  pile-driver.        ,  bridges;  and,    thirdly,  the  arch  or  asscm- 
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blagc  of  framing,  analogous  to  the  voussoirs  |  There  remains  to  be  examined  the  quci- 
of  stonu  bridges,  and  which  will  fill  the  place  |  tion  of  pressure.  In  the  whole  extent  of 
of  these  latter.  It  will  be  first  remarked  \  the  structure,  considered  as  filled,  the  prci- 
that  the  framing  of  the  system  equivalent  to  i  sures  are  equal  to  those  produced  by  a 
the  stone  work  is  in  the  shape  of  hollow  !  liquid,  the  density  of  which  would  be  equl 
prisms  with  a  vertical  axis,  ended  at  the  |  to  that  of  the  structure,  and  the  upper  nr* 
upper  part  by  an  horizontal  plane,  and  at  i  face  of  which  would  be  loaded  withaveigkt 
the  lower  part  by  a  curved  surface  in  con- 1  equal  to  that  of  the  roadway  and  •uperslne* 
tact  with  the  cxtrados  of  the  arch.  This  |  ture  ;  consequently,  the  pressures  transait* 
arrangement  of  prisms  agrees  the  more  ex-  ted  by  the  structure  ou  the  vertical  udn 
actly  with  what  we  considered  in  our  paper  |  which  form  its  boundaries  act  horisontally, 
on  the  building  of  arches  of  bridges  when  i  and  the  pressures  received  by  the  extiadw 
their  parts  parallel  to  the  road  are  more  |  are  normal  at  its  surface.  To  pass  froB 
limited.  The  objections  raised  by  some  i  these  pressures,  estimated  on  the  hypothe«ii 
persons  against  the  theory  of  normal  action  !  of  continuous  surfaces,  such  as  those  of  thi 
at  the  cxtrados  in  stone  bridges  could  not 


be  applied  in  this  case,  so  that  that  theory 
may  be  said  to  apply  more  exactly  to  cast 
iron  than  to  stone  bridges. 

The  transition  of  the  theory  of  stone 
bridges  to  cast  iron  bridges  may  be  made  in 
the  following  manner.     iiCt  us  consider  one 


prisms  or  stone  voussoirs,  to  those  which  aa- 
swcr  to  the  case  of  prisms  or  hollow  cMt 
iron  voussoirs,  it  evidently  suffices  to  midti- 
ply  the  first  by  the  relation  of  the  surfsfid 
which  are  in  contact  with  the  filled  (solid) 
system  with  the  corresponding  surlacef  of 
the  hollow  system. 


of  the  vertical  prisms  forming  the  bulk  of  j  It  is  evident  that  in  the  cast  iron  prisni 
the  bridge,  and  let  us  compare  its  weight ,  or  voussoirs  the  only  surfaces  of  contact  to 
with  the  weight  of  this  prism.  When  con- 1  be  taken  into  consideration,  are  those  caps- 
sidered  as  solid,  we  will  deduce  therefore  i  ble  of  effectually  transmitting  pressurct. 
the  weight  of  the  unity  of  volume,  or  the  '  (For  instance,  no  notice  ought  to  be  takei 
density  of  this  prism.  The  first  condition  j  of  the  surfaces  of  the  cross  ban  used  solely 
to  be  fulfilled  is  the  coincidence  of  the  ac-  for  forming  connections  in  the  direction  of 
tual  center  of  gravity  of  the  prissm,  and  of  |  the  axis  of  the  arch.)     The  pressures  thus 


that  of  the  prism  when  solid  ;  the  second  is 
that  all  the  prisms  have  the  same  density  in 
the  whole  of  the  construction. 

These  two  conditions  are  easily  filled  ;  it 
would  suffice  to  obtain  the  figure  of  the  re- 


obtained  ought  not  to  exceed  a  prcvioudj 
determined  limit.  Let  us  add  that  it  woald 
be  always  possible  to  render  the  pres^urei 
constant  on  each  unit  of  surface — the  whole 
extent  of  the   arch,   because,  within  largo 


suiting  internal  space.  Let  us  pass  on  to  |  limits,  the  surfaces  of  contact  arc  to  be  dii- 
the  framing  constituting  the  voussoirs  ;  their  j  posed  of. 

density  would  be  obtained  in  the  same  man-  <  In  stone  bridges  subjected  to  the  condi* 
ncr  as  for  the  other  prisms,  and  we  will  obtain  ,  tions  of  stability  we  have  laid  down,  if  wo 
at  once  the  same  conditions  as  regards  the  i  have  given  us  the  opening  of  the  arches, 
equality  of  density  and  the  position  of  the  i  and  the  ordinatcs  of  the  summit  of  the  in- 
center  of  gravity.     If  the  thtforetical  con-  i  trados,  and  of  the  springing  lines  in  relation 

ditions    are    to    be    rigorously  carried  out,! 

there  would  remain  to  reduce  on  the  intra- ; 

do^t,  the  surface  of  contact  of  the  voussoirs  i  ^P'^^^  ^^  ^^^  voussoirs  would  be  got  rM  of  to  re- 

onthe  small  space  which  separates  the  ac- i  "^'2^' tlu'^^^wislty  w^dativcly  to  c-ach  Kv  fixi^^^ 

,,..*..,♦  '  center  of  irravitv  at  the  point  deterinini.ti  bv  the- 

tual  and  imaginary  intrados.  „,.y  .^„^1  ^[^^  pr,.",.Hurc« could  nevcrihcli.sM be cn\cM- 

,  ijited  in  retaining  in  tbe  general  formula*  thequau- 

•  Tlie  tbeorctical  conditions  iniglit  be  realized  :  tity  w. 
^>ilbout  touebinjr  the  joints,  by  giving  to  tbe  areh  1  i„  tbis  case  tbe  actual  intrados  would  In;  con- 
A  eonataut  tbickness,  f,  wbicb  would  render  tbe  !  founded  witb  tbe  imaginary  one,  of  whieh  il  would 
cxtrados  and  intrados  perfectly  parallel  to  eacli  1  suflice  to  consider  tbe  co-ordinates, 
otber.  For  tbis  purpose  let  <«>  be  tbcweipbtof'  Preference,  it  ap])oars,  ought,  however,  not  to 
tbe  unity  of  vohnneof  tbe  voussoirs,  as  previously  '  be  given  to  tbis  iiolution  ;  it  is  better,  in  fact,  not 
detined,  and  w'  a  variable  density,  according  to  !  to  extend  tbe  contact  of  bo<lies  undergoing  o'D- 
tbe  formula  '  ^  siderat>le  pressures  to  the  extreme  limit:*  »'f  the 

(I  c  \  !  ^'*^^  surfaces  of  contact.     On  tbe  other  band,  we 

1  -|-  -: — j,  '  are  accust<»med  to  see  the  tbickness  of  arrbes  in- 

'^  /  I  crease  towards  tbe  springing  line,  und  the  ertcct 

in  which  ^  represents  tbe  radius  of  the  curve  ;  the  ,  upon  the  eye  is  generally  pleasing. 
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o  the  horizonul  plane  which  fonus  the  limit  A  New  Steel-Headed  Kail.  —  The 
if  the  siurcharge,  it  will  be  found  that  the  i\  **  Knginecr,"  after  pointing  out  the 
lection  of  the  intrados  in  nearly  detcrniincd,  various  defects  of  welding  steel  slabs  upon 
bdependently  of  the  thickness  of  the  key-  rail  piles,  expresses  great  confidence  in  the 
Hone,  and  the  result  is  all  the  more  exact  new  (?)  process  of  Mr.  K.  Gray,  of  Sheffield, 
vhcn  the  denMties  of  the  materials  of  the  which  it  describes  and  illustrates  at  length. 
nrtharge  and  of  the  arch  are  the  nearer  The  process  is  simply  casting  a  steel  slab 
tqaal.  The  whole  bulk  of  the  structure  upon  an  iron  pile.  The  iron  pile  is  heated 
king  then  sensibly  constant,  the  stability  and  set  in  an  ingot  mould,  but  it  does  not 
iiereases  more  rapidly  than  in  proportion  to  fill  the  ingot  mould ;  a  space,  say  one  to  two 
the  thickness  of  the  arch,  because  it  would  inches  wide,  is  left  at  one  side,  into  which 
he  in  proportion  to  this  thickness  if  the  liquid  steel  is  poured.  The  steel  is  ex- 
pressure  per  unity  of    surface   were  pected   to   unite   perfectly   with   the   iron. 


emstant,  and  this  mean  pressure  decreases   The  whole  is  then  rolled  into  a  rail,  the 


U  inverse  ratio  to  the  thickness  of  the  arch. 
As  regards  stability,  it  would  therefore  be 
better  to  increase  the  thickness  of  the  key- 


steel  surface  forming  the  head. 

We  do  not  think  this  process,  as  de- 
scribed, can  bo  relied  up«m,  but  that  some 
until  there  would  be  above  it  but  the  radically  new  means  and  apparatus  must  bo 
Mrietly  necessary  thickness  of  overcharge.  develof>ed  for  overcoming  tlic  many  practi- 
This  ki  not  always  done,  and  the  reason  is  '  cal  difficulties.  Our  reason  for  tliiuking  so 
•viJent.  because  the  price  of  a  cubic  meter  is,  that  we  have  tried  this  plan  without  con« 
of  Ptuue.  cut  and  dressed  as  vou^soirs,  ex-  stant  success — indeed  with  very  uncertain 
ceeds  to  an  enormous  extent  that  of  filling  and  variable  n^sults.  AVe  have  heated  and 
tp  materials.  In  cast  iron  bridges,  where  ,  set  up  in  ingot  moulds,  iron  slabs  and 
a  similar  disproportion  does  not  exist,  there  i  blooms  for  rails,  and  iron  cores  for  axles. 
if  nothing  to  prevent  the  arch  fioni  having '  Liquid  steel  poured  into  the  mould  would 
the  complete  thickness  demanded  by  a  dc- ;  fuse  and  soundly  weld  to  sucli  parts  of  the 
•ign.  In  the  previous  reasoning  it  is  sup-  iron  as  were  clean  and  very  hot.  The  prac- 
posed  that  the  casual  overcharges  result  tical  difficulty  is  in  getting  out  of  a  furnace, 
tt«aally  in  increasing  the  pressures  in  the  |  and  setting  up  and  centering  in  a  mould,  a 
joints,  so  that  it  is  to  the  interest  of  the  en- '  heavy  mass  of  iron,  with  such  celerity  that 
gineor  to  diminish  those  which  show  them-  the  surface  shall  not  become  much  cooled 
•elviM  in  the  absence  of  any  overcharge,  and  oxydised.  Another  more  serious  iliffi- 
When  we  consider  the  chances  of  decrease  culty  occurs  in  the  case  of  casting  a  mere 
iu  ihe  pressures,  such  as  those  which  would  surface  of  steel  upon  an  imn  pile  or  bloom, 
result  from  slight  motion  of  the  soil,  or  If  the  iron  bloom  is  made  to  perfectly  fit 
•inkin^r  of  the  piles,  one  is  lead  to  avoid  re-  the  mould  on  the  three  siiies  nut  to  be  cov- 
ducinir  tf>o  low  the  pressures  corresponding ,  ered  with  steel,  it  cannot  be  got  int«>  the 
to  the  normal  state  of  the  arch.  But  if  it  mould  hut — the  operation  takes  too  long. 
le  remarked  that  the  casual  surcharges  are  .  If  the  iron  bloom  does  not  perfectly  fit  the 
ft;r  c.i«it  imn  bridges  in  a  greater  relation  mould,  tiie  steel  will  run  all  around  it  in 
vith  the  bulk  of  the  strurture  than  for  stone  thin  fins,  which  have  not  mass  enough  to 
briilire^,  thi>  circumstance  woulii  bo  a  mo-  hold  their  heat  an<l  wold  uniformly.  The 
tivu  f'lr  ri-^lucing  the  nnriual  charges  c»f  east  three  siiies  of  the  resulting  ingol,  intended 
iriin  !»ridge-.  IJesidcs  the  c<mn*-etions  made  to  have  iron  surfaces,  have,  in  fact,  facings 
Wtwi  .M  tlie  framework  hy  lolts,  present,  of  steel,  partly  welded  and  partly  chilled 
to  ward  off  cases  when  tht'  casual  pressures  up(m  the  iron.  When  su<'h  an  ingot  is 
T.iuld  fall  a  few  points  beli»w  zero,  advan-  rolled  it  is  sure  to  crack  in  the  flanL'cs,  and 
taifi-  incommensurably  superior  to  those  to  make  a  rou;:h,  bad  rail, 
that  could  l>e  exjiectt'd  from  the  cohesion  of  We  have  also  made  several  hundred  rails 
the  mortar  in  stone  work.  by  setting  up  heated  iron  or  steel  rail  ends 

L:t  us  finally  add  that  if,  without  in-  in  the  center  of  a  mould,  and  casting  steel 
ercaM-  <»f  ex^n-nses,  it  can  be  so  arranged  :  around  them.  'J  he  mass  of  li<{uid  steel 
that  the  <lensities  of  the  structure  and  vous-  being  so  thick,  and  the  mass  of  the  core 
war",  understood  as  we  have  before  said,  be  .  being  so  small,  a  goo<l  webl  generalh'  re- 
€*|U.'il.  the  cabMilations  to  be  done  will  bo  |  suited,  but  nnf  a/tn/tfs,  and  this  uncertainty 
s«-'U-il'ly  abridged,  either  directly  or  )»y  ,  led  to  the  abandonuK'nt  of  the  process, 
mana  of  special  tables.  |      The  theory  of  welding  steel  to  iron  is  ex- 
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cellcnt,  and  the  practice  in  very  satisfactory  |  1  arge  Htdbaulic  Testing  Machixl 
when  the  conditions  are  properly  provided ,  IJ  — Messrs.  Paulding,  Kemble  k  Co., 
for.  We  have  seen  absolutely  perfect  welds  West  Point  Foundry,  are  making  for  L.  B. 
made  in  this  way — welds  in  which  no  test '  Boomer,  Esq.,  the  eminent  bridge  bnilderi 
could  discover  the  slightest  want  of  continu- '  a  machine  for  testing  full-siied  pirU  if 
ity  of  the  mass.  liut  the  present  practical  I  bridges — rods,  castings,  etc. — up  to  40  feel 
dilHcuUies  must  be  overcome.  The  plan  '  length  and  400  tons  pressure,  either  tbrut 
shown  in  the  **  Engineer"  is  not  trustwor- ■  or  pull.  The  cylinder  is  17J  in.  diameter, 
tliy ;  nor  is  it  new.  Dr.  Percy  describes  and  nine  inches  thick ;  the  stroke  eigbt  ii. 
the  same  thing  as  proposed  for  the  manufac- :  The  ram  is  single  acting,  being  broaghl 
ture  of  tyros.  And  we  have  heard  that  it '  back  by  a  rack  and  pinion.  The  cjliiidtf 
was  proposed  in  this  country  at  a  much  car- I  is  hung  on  trunnions — ^in  fact  it  would  bt 
llcr  date  than  our  use  of  it.  Here  is  a  fine  j  taken  by  an  artilleryman  for  a  17.\  in.  ma^ 
fiold  for  experiment,  and  we  hope  tliat  this  i  tar.  When  pointed  in  the  direction  of  the 
grand  principle  will  bo  successfully  worked '  40  ft.  bed-plate,  it  pushes  directly  npcm  er 
out.  "  -     -   -  . 


compresses  the  piece  to  be  tested.  To  I 
a  tensile  pull  on  the  piece,  the  cylinder  il 
TLLEYS  FOR  SnoRT  Belts.— Mcssrs.  turned  away  from  it,  and  the  powcr  is  brougte 
1  Gwynne,  centrifugal  pump  makers,  of  j  *<>  ^<5«»r  «»  ^^  by  means  of  a  croiw  head,  en* 
London,  use  the  arrangement  shown  in  the  *a^l»  ^r  head  block,  and  two  side  rods.  Tk 
cut,  for  saving  space  and  strain  in  the  use   ^^^^  ^^^^  are  forged  from   Bessemer  rteel, 

>  and  are  four  inches  square.  The  costof  tbe 
machine  will  be  about  95,000.  8uch  a  na- 
chine,  for  testing  full-sized  parts,  has  loig 
been  wanted  in  this  country.  The  tests  of 
little,  short  specimens,  turned  down  to  • 
mere  wire  in  the  middle,  are  not  accuntc, 
and  the  changes  of  figure  arc  not  easily 
measured. 


driven    pulley    C   is 


STEAM  Cultivation. — The  success  of 
steam  cultivation  was  long  ago  establish- 
ed,  and  to  say  that  steam  is  cheaper  ind 
better  than  horses  in  the  field  is  as  trite  u 
to  say  the  same  of  it  on  the  railway.  It  ii 
no  longer  a  question  of  steam  r.  horses,  hot 
of  the  newest  r.  the  earlier  forms  of  stean 
tackle.  More  powerful  engines,  of  much 
better  construction,  and  worked  at  higher 
speeds  are  now  in  use,  and  some  of  them, 
working  up  to  100  indicated  horse  pover, 
are  hauling  six  and  even  eight-furrow  plougbl 
in  moderately  stiff  land,  or  dragging  cultiva- 
tors from  12  ft.  to  In  ft.  wide,  and  that  at  a 
rate  of  four  miles  an  hour.  'J'he  money  sav- 
ing had  been  proved  by  many  cost  sLeetf, 
and  as  for  the  work  itself,  it  could  be  done 


placod  dose  tu  the  driver  A^  so  that  the  belt ;  in  all  weathers,  done  upon  land  which  hones 
touches  but  a  small  portion  of  its  circum-  i  could  not  touch,  or  where  they  could  not 
fercnce.  The  belt,  therefore,  has  to  l)e  very  i  stand,  done  at  a  faster  pace,  the  pulveriia- 
tight ;  and  to  relieve  the  journals  from  the  j  tion  of  the  soil  being  as  the  square  of  the 
great  pressure  and  wear  tlius  imposed,  the  speed  at  which  it  is  knocked  to  pieces;  and 
pulley  B  is  placed  intermediate  between  the  '  then  there  was  not  a  single  one  of  the  hoof- 
others.  This  intermediate  pulley  is  recessed  '  tracks,  where  horses'  feet,  likepavior*s  mauli, 
in  the  center  of  its  face,  so  as  to  boar  on  the  ram  the  ploughed  earth  into  a  hard  [uin  like 
others  at  the  edges  only.  The  arrangement  a  pavement — hoof  tracks,  of  which,  with  t 
is  said  to  work  well,  and  is  more  fully  illus-  full  team  in  heavy  ploughing,  there  may  be 
trated  in  **  Engineering  ''  of  January  22.      |  as  many  as  300,000  to  the  acre. 
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THE  SUEZ  CAKAL  I  l.  Port  said  through  Lakes  McDzelah  and 

I         Bulla  to  near  El  Fordain 87 

ACTHEXTIC     ACCOUNT     OF     TDK    WORKS, ,  o.  From  near  EI  Fc-rdam  through  the  great 

MAINTENANCE,    DIFFICULTIES,    WORK-  excavation  ot  Seuil  d'cl  Guise  to  Lake 

ING,  ETC.  !  Timsah 9^ 

«_  -.  J  -^         1  *.      u     »#      T  t     B     1      *    *u    ^-  Through  Lake  Timnah 6* 

OHipUed  from  a  letter  by  Mr.  John  Fowler  to  the   4    ^roni  Luke  Tiui5u.li  thn.ugh  the  exiMva- 
London     Timet. "  |         ^..^^.^„  ^^.  g^.^^jj  ^^^  S6rapeum  to  the  Bit- 

PoRT  SajD  Harbor. — A  harbor  for  the  ,         ter  Lakes 74 

CBtrance  to  the  canal  has  been  constructed  .  i>-  Through  the  Bitter  Lakes  ..........  23^ 

•t  Port  Said  by  running  out  into  the  sea  two  j  ^'  ^^[^^^^'  '^"^  ^^;;^*i;  l;^"^;*^"  ^'f  A  ^     ".  5 

hcakwaters  formed  by  artificial  blocks  of  7.  Thence  to'sliei 'and  thc'eiKlV>f  the 'ca\i^^^       11 

■tone.     These  are  composed  of  one  part  of;  

kydnulic  lime  from  France,  and  two  parts  j  Total 99 

«f  sand  obtained  on  the  spot,  and  are  there- '  ' — ' 

tan  really  hard  mortar.  The  harbor  is  \  With  minute  exceptions  the  whole  of  the 
atf  nded  to  answer  the  double  object  of  I  canal  is  now^  being  excavated  and  completed 
protecting  vessels  from  heavy  seas  and  of :  according  to  one  or  other  of  the  following 
trmting  the  alluvium  brought  down  by  the  |  sections  : 

lirer  Nile,  so  as  to  prevent  its  choking  1st.  19G  ft.  in  width  at  the  surface  of  the 
■p  the  channel.  The  western  breakwater  |  water,  and  26  ft.  deep  for  12  ft.  at  the  bot- 
citends  from  the  shore  2,400  yards  in  a  torn.  The  slopes  are  two  horizontal  to  one 
•tnight  line  towards  the  north,  and  then  |  vertical,  with  one  or  more  horizontal  benches 
with  a  slight  angle  towards  the  east  extends  of  10  ft.  in  width,  according  to  the  depth  of 
S80  yards  further.     The  eastern  breakwater  >  the  cutting. 

leaves  the  shore  at  the  distance  of  1,530 1  2d.  327  ft.  in  width  at  the  surface  of  the 
vards  of  the  commencement  of  the  western  i  water,  and  a  similar  depth  of  2G  ft.  for  a 
DKakwater,  and  extends  nearly  north  for  a !  similar  widtli  of  72  ft.  at  the  bottom.  The 
distance  of  2.O70  yards,  at  which  point  it  is  1  lower  part  of  the  excavation  is  also  two  hori- 
761)  yards  from  the  western  breakwater,  and  zontal  to  one  vertical,  but  the  slopes  above 
this  distance  constitutes  the  width  of  the ;  and  below  the  surface  of  the  water  are  five 
entrance.  The  portion  of  the  harbor  afford- '  to  one,  and  a  horizontal  bench  of  58  ft.  con- 
ing ^helter  t(»  vessels  is  nearly  500  acres  in   nects  the  two  slopes. 

extent,  and,  although  the  dei>th  of  water  is  j  It  will  be  observed  in  the  description  of 
not  sufficient  for  the  largest  men-of-war,  it  the  second  section  that  the  slope  at  the  sur- 
u  tfiuite  sufficient  for  ordinary  merchantmen,  face  of  the  water  is  flat  (five  to  one),  and  pro- 
if  the  present  depth  be  maintained.  j  vision  is  now  being  made  for  protecting  this 

Largequantitiesof  alluvium  are  constantly  slope  with  rough  stune  pitching,  trimming 
brought  along  the  shore  from  the  Nile,  and  the  upper  slopes,  and  otherwise  treating  it 
tincti  the  construction  of  the  western  break- '  as  a  finished  work.  This  may  be  safely  done, 
water  this  deposit  has  changed  the  line  of  because  the  secticm  is  so  arranged  that  the 
the  shore,  while  large  quantities  have  found  canal  may  be  widened  at  any  subsequent 
their  way  through  the  interstices  of  the  arti-  period  without  disturbing  any  of  the  work 
ficiml  blocks  of  which  the  breakwater  is  com-  already  done.  With  the  first  section,  how- 
poti«d,  into  the  harbor,  and  are  forming  de-  ever,  the  case  is  different.  This  sectiim  has 
pQE<its  there ;  it  will  be  found  necessary  to  been  adopted  in  the  deep  cuttings  to  effect 
nakc  this  breakwater  solid.  It  is  possible  '  the  largest  saving  possible  in  the  (juantit}-  of 
this  outride  accretion  may  rcijuire  at  some  ex(*avation,  and,  therefore,  if  a  future  widen- 
fntare  time  a  prolongation  of  the  breakwater,  j  ing  of  the  canal  is  required,  one  or  both  side 
and  it  may  be  that  northerly  winds  will  occa-  slopes  must  be  thrown  buck,  and  a  consider- 
■ionally  bring  sand  into  the  harbor ;  but  I  able  portion  of  the  present  work  interfered 
do  not  con.««ider  such  contingencies  to  consti- '  with.  As  a  rule,  no  stone  pitching  or  other 
tnte  any  real  objection  to  the  design,  or  protection  against  the  wash  of  passing  vas- 
likely  to  be  formidable  in  expenditure,  con- 1  sels,  or  wind,  or  current,  has  been  provided 
lidering  the  gigantic  character  and  olgects  for  the  part  of  the  canal  where  this  section 
of  the  whole  undertaking.  has  been  adopted,  although  the  slope  at  the 

Divisions  and  Sections  of  the  C a-  surface  of  the  water  is  two  to  one. 
KAl.. — The  canal  may  be  conveniently  di-  ■      At  each  end  of  the  JJitter  Jjakes  careful 
Tided  into  the  following  portions :  ,  provision  is  now  being  made  by  temporary 
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weirs  and  Hluices  at  the  sides  of  the  canal '  ter  the  difiicultj,  whatever  it  may  be,  of  iti 
for  the  admission  of  water  into  the  lakes  from  ,  greater  accumulation  outside.  The  rate  of 
the  Mediterranean  and  lied  Seas.  This  pro-  accumulation  in  the  angle  formed  bj  thi 
vision  has  been  calculated  with  reference  to  '  wcstem  breakwater  was  naturallv  Terjn^ 
the  time  and  ([uantity  of  water,  and  a  sufli- '  in  the  commencement,  because  the  arcam 
cient  margin  appears  to  have  been  given  for  small,  and  the  water  was  imjtounded  in  wtJk 
possible  contingencies.  a  {vosition  as  to  be  almost  without  moti«; 


The  Works   at   Stez. — These  consist  I  but  as  the  new  shore   formed  bv  the  _-^ 

chiefly  of  an  entrance  channel  into  the  Ked  ;  advances  seaward  this  rate  of  aJvance  iin^ 
Sea,  increasing  gradually  from  72  ft.  in  width  I  idly  and  constantly  decrea-ning.  The  tM 
at  tlie  bottom  to  980  ft.  of  a  basin  or  dock, !  hais  not  been  sufficient  to  collect  ade^wli 
and  a  considerable  extent  of  reclaimed  land,   observations  by  which  any  law  or  fonidl 

Work  Done  and  to  be  Done. — The '  could  be  founded  to  reprcRont  the  fvtan 
total  (juantity  of  work  in  cubic  meters  of  ex-  rate  of  the  advance,  but  it  is,  however,  leiy 
cavation  originally  reiiuired  for  constructing  clear  that  many  years  must  elapse  before  tk 
the  canal  according  to  its  present  dimensions ,  line  of  shore  can  ]>ossib]y  reach  down  to  tk 
and  design  was  as  follows:  j  angle  of  the  breakwater,  and  it  may  be  tbil 

Cublo  meters. ,  at  or  near  this  ]K)int  the  accretion  Mawari 

Total  work 78,(XHi.<HH) ,  will  cease  altogether ;  but  the  greater  nrobti 

Work  exocutod  up  t.>  Dec.  15,  1808  ..  6:^000,000   y^i^^y  jj,  ^1,^^^  although  it  may  have  becoM 

Leaving  still  to  be  executed    25,000,000   ""^^^  it  is  still  going  on,  and  the  neceitftr 

-  ,   ^^j^  of  extending  the  western  breakwater,  at  mm 

The  number  of  men.  animals  and  materials  ["^"'^  *!"'^'  *"'?''"  '»•«  «"»«."«*•  »  f^  ^ 
,l,ich  were  on  the  protmd  and  available  for ■^\'**.*»'"'*^"*-  \»  anTehens.on  need  be* 
the  work  on  the  15th  of  December,  18ti8.  tortained  as  to  the  ehannel  and  harbor  beag 
was  as  follows :  f"'^  "P  »»d  destroyed,  but  at  the  mm, 

time  c(»nsiderablc  expcnae  m  dredging  will 

Workmen 8,213   1,^  constantly  required. 

CamelH 308  j  ^        * 

Inclined  planes  of  railways :>2  ,      oj  the  Desert  Blowmg  into  the  CamU  ta 

The  quantity  of  work  yet  remaining  is!  Q'^^'^^^^^^  totally  Unmanageable. 
very  large,  but  taking  the  progress  made ,  This  objection  has  been  felt  to  be  one  rf 
during  the  last  few  months,  and  applying  the  grt^'at  weight,  and  when  it  was  coiiMdere^ 
same  rate  for  the  future,  it  appears  to  be  genenilly  and  without  the  correction  of  local 
possible  that  in  the  absence  of  some  unfore- ,  knowledge  it  appeared  to  be  fatal,  bcciist 
Beencontingency  the  canal  may  be  sufficiently  1  if  the  whole  or  nearly  the  whole  distance 
comi»loted  for  the  purposes  of  traffic  during  >  from  sea  to  sea  had  been  througb  a  desert 
the  ]»resont  year.  '  composed  of  fine  drifting  sand  it  would  hate 

Maintknance  of  the  Canal. — The  |  been  hopeless  to  maintain  the  canal  open; 
question  of  maintaining  the  canal  and  its  but,  fortunately,  the  only  portions  of  the 
harbor  of  Port  Said  permanently  open  for  fi^mal  which  will  be  liable  to  bo  affected  by 
traffic  has  excited  almost  as  much  profes-  the  sand  of  the  desert  to  any  extent  worthy 
sional  and  public  attention  as  the  construe-  of  consideration  are  the  two  exca%'at ions  OB 
titm  itself,  and  in  some  minds  ]»robably  much  <'aeh  side  of  Lake  Timsah — vis:  Seuil  de 
greater  doubt  and  difficulty  have  been  felt  ^'ui-^e  on  the  north,  and  Seuil  du  Strapenm 
on  this  than  on  any  other  point.  '  on  the  south.     Fortunately,  a  tolerably  sat- 

The    difficulties   of  maintenance   may  be '  isfactory  moans  of  ascertaining  the  annual 

divided  as  follows :  '  anumnt  of  drifting  sand  has  been  afforded  by 

/.  TV-  7     7  ..  ,       '  •'"  investigation  lately  made  during  a  period 

1.   The  Prevention  of  h  tie  deposit  from  chok-  \  „f  twelve  months,  and  the  result  is  that  40,. 

tng  up  Port  Said.  \  oot)  cubic  yards  was  found  to  have  passed 

The  remedy  for  the  mischief,  which  may  be  into  Scuil  de  (juisc,  and  270,OCH)  cubic  yards 
said  to  have  comm<'nced  and  to  be  now  con-  into  Seuil  du  Serapeum.  Those  qnautitiea, 
tinning  (and  to  which  we  have  referred  above),  no  doubt,  are  very  large,  and  it  is  quite  pos- 
is  either  to  admit  the  sand  to  pass  through  the  sible  that  during  some  years  they  might  be 
breakwater  and  then  depend  upcm  dredging,  exceeded,  but  the  corai^ny  are  inaking  prt>- 
or  to  make  the  breakwater  solid,  and  encoun- 1  vision  to  diminish  the  quantity  by  trying  ex- 
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erimeuts  with  trees  aud  shrubs,  so  an  to 
hnt  the  !>]o|ies  aiul  the  ground  for  some  dis- 
Uice  oil  each  side  of  the  eanal.  It  is  also 
rokahio  that  water  from  the  fresh-water 
vaal  will  )k*  iiiade  available  for  foruiiiig  an 
itended  aa:»i.s  at  and  around  this  portion  of 
ka  canal.  These  operatiouH  will  be  some- 
rkat  expensive,  although  they  are  doubtle^ri 
ndcnt  and  desirable,  but  after  every  pre- 
Mttion  had  been  taken  it  will  be  necessary 
V  keep  one  or  two  powerful  dredges  in  Lake 
SaMn  to  keep  the  eanal  clear  from  drifting 
■nd. 

L  The  Difficulty  of  Protecting  the  Banks 
against  the  Destructive  action  of  the  Wac^ 
cauMed  by  passing  Vessels* 
It  will  be  found  necessary  to  make  a 
roper  and  immediate  protection  of  the 
bpes  bv  stone  pitching  above  and  below  the 
ubyce  of  the  water  along  the  whole  course ! 
f  the  canal  if  the  traffic  is  to  be  conducted 
t  a  roamiiiablc  rate  of  speed  ;  the  engineers 
f  the  Canal  Com{»any  have  arrived  at  the 
ime  opinion.  This  work  will  no  doubt  be 
lecuted  much  more  conveniently  and  eco- 
omically  after  the  eanal  is  opi-inod  through- 
ot,  and  the  large  quantity  of  stone  re(|uired 
in  be  conveyed  without  charge;  but,  on  the 
ther  hand,  it  will  be  more  difficult  to  place 
le  ((tones  below  the  level  of  the  water,  and ' 
rubably  the  slo|)e.s  may  have  sustained  some 
iiM'hief  before  the  work  can  be  done. 

.  The  Impossibility  or  Difficulty  of  Supply' 
img  the  Abstraction  of  the  waters  of  the 
Bitter  Lakes  during  the  Eraporatifm  of 
the  Summer  Months  through  the  Ordinary 
Section  of  the  Canal  between  the  Bitter 
ImIxm  and  Suez, 

The  vast  extent  of  the  Bitter  Lakes  (100,- 
Oi>  acres  in  superficial  area)  when  connected 
ith  the  tidal  Ked  Sea  by  the  (Jhalouf  exea- 
ition,  will  produce  in  the  summer  months, 
ben  the  eva)Hjration  is  greatest,  peculiar 
nri'nts  and  hydniulio  phenomena.  The 
kTgeitt  daily  evaporation  or  akstraetitm  will 
■ount  to  ab<mt  2r)0,000,0(M)  uubic  feet  of 
ater.  aud  this  will  be  chiefly  supplie<l  from 
w  KtHl  ^^ea,  which  is  fur  nearer  than  tlie 
leditvrranean.and  has  a  titlal  range  of  about 
ft.  in  spring  tides,  and  2  ft.  at  neap  tides, 
bile  the  Mediterranean  has  a  far  l(*ss  tidal 
wpe.  The  currents  whi(?h  will  thus  lie 
reatod  by  evaporation  and  tide  will  be  suffi- 
ient  to  assist  or  retard  navigation,  as  they 
ill  probably  approach,  if  not  cxocimI,  two 
lilesi  pi»r  hour,  but  they  will  seareely  be 
;roiig  enough  to  a£fect  injuriously  the  bot- 


tom or  sides  of  the  channel  through  the  Cha- 
louf  cutting  after  tlie  proper  protection  by 
stone  pitching  has  been  carried  out. 

It  Is  possible  that  a  strong  south  wind 
may  somewhat  increase  the  velocity  of  this 
current  by  slightly  raising  the  ordinary  tide 
at  Suez,  and  that  lateral  absorption,  evapo- 
ration, and  waste  round  the  shores  of  the 
Bitter  Lakes  into,  and  thnmgh,  the  sand  of 
the  desert  may  increase  the  amount  of  the 
water  to  be  daily  supplied ;  but  these  dis- 
turbing causes  will  not  probably  be  sufficient 
to  make  any  ap])reeiable  difl'erence  in  the 
velocity.  It  would,  however,  have  been  de- 
sirable, in  my  opinion,  that  the  canal  should 
have  been  originally  constructed  on  enlarged 
dimensions  between  the  Bitter  Lakes  and 
the  Ked  Sea,  if  the  resources  of  the  company 
had  permitted. 

Traction  Power  to  be  Employed  ox 
TUB  Canal. — A  special  committee,  or  com- 
mission, has  been  engaged  for  some  time  in 
invest  igniting  this  question,  and  has  consid- 
ered many  expedients  and  suggestions.  At 
one  time  it  thought  that  a  continuous  chain 
along  the  bottom  of  the  canal,  similar  to  that 
used  for  the  ferry  at  Portsmouth,  would  bo 
applicable,  but  it  is  now  understood  that 
steam  vessels  (except  those  with  paddle- 
wheels)  may  use  their  own  power,  and  that 
any  vessel  may  be  towed  through  the  canal 
by  steam  tugs,  the  speed  to  be  limited  in  all 
cases,  as  may  be  settled  hereafter.  This  i:i 
doubtless  the  best  decision,  both  for  economy 
and  convenience. 

Several  im}H>rtant  (questions  suggest  them- 
selves in  the  working  of  the  canal,  such  a.s 
the  impossibility  of  two  large  vessels  passing 
eaeh  other  until  the  canal  is  enlarged;  but 
this  diffioulty  must  be  dealt  with  l)y  regula- 
tions very  similar  to  those  adopted  on  a  sin- 
gle line  of  railway.  If,  hcjwever,  the  traffio 
should  rapidly  becoine  very  large,  it  is  possi- 
bio  that  several  jvassing  places  will  have  to 
be  provided  without  waiting  for  the  widening 
of  the  whoh)  eanal. 

A  strong  si<le  wind  wcmld  also  bo  a  con- 
siderable difficulty,  and  occasionally  it  may 
bit  found  to  be  almost  impossible  to  keep  a 
large  vessel  from  the  sidt»s  «if  the  eanal.  In 
the  Caledonian  eanal  it  is  well  known  that 
this  difficulty  is  fre*|uently  experienced  even 
with  small  vessels,  but  in  Kgyi>t  very  strong 
winds  from  the  east  and  west  are  not  eonw 
m(m,  and  the  difficulty  will  pnibaldy  n<*t 
amount  to  more  than  a  simple  retardation  of 
the  speed  of  the  vessel,  and  the  necessity  t»f 
lowering  all  masts  and  rigging  oapablo  uf 
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being  lowered,  but  one  or  two  attendant  tug  j  ter,  by  the  way,  made  a  Rerious  mistake,  via 
vessels,  when  required,  can  be  made  avail-  \  he  said,  **  Railways  will  change  the  a«{«€tef 
able  for  the  purp(^^^e  of  enabling  a  vessel  to  that  country."  They  have  no  more  altered 
keep  the  chamiel  of  the  canal.  Doubtless' the  customs  of  the  Spaniards  than  the  receii 
many  unexpected  matters,  both  of  difficulty  '  revolution  has  altered  the  state  of  the  *'C««H 
and  convenience,  will  develop  themselves  m^  nos  de  Hierro,^^  As  to  the  construction  of 
the  working  of  the  traffic,  but  these  will  be  railways,  and  their  subsequent  repairs  aai 
best  dealt  with  as  they  arise.  I  management,  the  Spaniards  have  had  very 

Probability  of  the  Use  op  the  Ca-  '  little  to  do  with  them.  The  lines  weresw* 
NAL. — The  Suez  Canal  is  so  peculiar  in  1  veyed  by  foreigners  for  a  good  msoi, 
itself  and  in  the  manner  in  which  localities '  namely,  that  very  few  Spaniards  ire  sii* 
are  affected  by  it,  with  respect  to  their  mari- 1  ciently  acquainted  with  the  exact  seieneei 
time  distances  from  each  other,  that  it  is ,  to  make  a  correct  plan  or  to  level  a  trid 
almost  impossible  to  foresee  the  manner  and  '  line.*  The  rails,  turntables,  switchei,  tc, 
degree  in  which  it  will  attract  traffic  to  itself.  |  were  supplied  by  English  or  Belgian  iron- 
It  may,  however,  be  assumed  with  tolerable  ,  works.  The  rolling  stock  wa.s  supplied  partlr 
safety  that,  provided  the  canal  be  maintained  '  by  English,  partly  by  Belgian  and  Freocik 
in  full  depth  and  efficiency,  and  the  charges  !  builders.  Several  Belgian  firms  are  Slid  to 
made  for  its  use  are  nut  unreasimable,  the  have  supplied  rolling  and  permanent  8toek 
steam  passenger  and  mail  traffic  now  carried  '  to  Spanish  railway-  companies  on  conditioB 
on  between  Europe  and  India  will  chiefly  of  taking  part  payment  in  shares  or  bunds,  ft 
pass  thnmgh  the  canal.  It  may  with  e(jual  'transaction  which  has  proved  ruinous  to  them, 
t«afety  be  assumed  that  sailing  vessels,  which  '  notwithstanding  the  government  guaranty, 
would  not  only  require  steam  tugs  through  ,  The  working  of  railways  has  been  left  M 
the  canal,  but  also  down  the  Red  Sea,  will  .much  as  possible,  for  obvious  roason.s,  in  the 
not  use  the  canal.  A  certain  anuiunt  of  local  hands  of  the  native  functionaries.  Gentle- 
traffic  between  the  Mediterranean  and  lied  '  men  of  this  class  are  as  numerous  and  ai 
Sea  ports  will  no  doubt  use  the  canal.  |  zealous  in  Spain  as  they  are  now  in  France, 

The  great  element  of  uncertainty,  and  one  ;  or  as  they  were  twenty  years  ago  in  Austria, 
on  which  the  commercial  success  of  the  Suez  '  Railways  under  official  management  are 
Canal  will  chiefly  depend,  is  whether  new  ,  easily  recognized.  Mail  trains  arriving  at 
sailing  vessels,  with  adequate  auxiliary  steam  i  Madrid  five  or  six  hours  behind  time  ;t  ex- 
power,  specially  adapted  to  the  canal  and  the  '  press  trains  carrying  cattle  and  mctalf,  as 
Red  Sea,  will  be  constructed,  so  as  to  divert  'we  have  ourselves  seen  on  the  "  Norte'*', 
the  large  traffic  now  being  carried  around  '  passengers  turned  out  of  their  trains  at  night, 
the  Cape.  1  think  enterprising  firms  will  |  and  obliged  to  wait  two  or  three  hourb  in 
try  this  experiment,  and  if  successful,  the  1  the  open  air,  without  refreshment  or  shelter, 
Suez  Canal  will  secure  a  great  position  both  '  trains  starting  before  the  a<lvertised  time  of 
for  usefulness  and  profit.  'departure.     Such   is  Spanish  managemcBt. 

I  And  these  irregularities  are  so  frequent  that 

'  they  have  become  regular,  punctuality  being 
ENGINEERING  IN  SPAIN.  Uhe   exception.     Native  passengers  do  not 

,  complain  as  often  as  might  be  expected,  be- 
I  cause  they  are,  as  yet,  not   sufficiently  af- 
'  ((uainted  with  railways  to  know  what  they 
From  "The  Engineer."  ■  ^ij^^^i j    ^^^    ^^d  what    services  they  might 

No  country  owes  so  much  to  foreign  labor,  ;  render  under  proper  management.  Whcr- 
foreign  science,  and  foreign  capital  as  Spain,  i  ever  a  large  foreign  staff  is  employed — a*  on 
Indeed,  it  is  wonderful  that  English,  French,  '  the  Ciud'ad-Real  and  BadajoK  line — ^punrtn- 
Belgians,  and  Hebrews,  should  have  done  as  ality  and  even  comfort  may  be  expected.— 
they  have  done  for  a  country  where  the  pc-    The  labor  supplied  to  Spanish  railway  com- 

euliar  nature  of  the  soil  and  the  ecceutrio  ! _  _   '      _ 

character  of  the  inhabitants  must  have  pre- ! 

ttonhi.l  HiffirnilMoti  uf  ovi»rv  cfan       Tlio  nrmlif        *  TbiB  is  certainly  not  trne  of  the  Mme  rwe  ia 

Bente.l  dltUcUltieS  at  e\  er^,  step.       1  he  credit    ^^y^^      ,^^^  ^^^,,    „f  enKincoring  U  verj  Urgely  mJ 

Oi  having  introduced  the  railway  system  into  ,  thoroughly  pursued  hy  Cuban*,  in  our  seiemificjPcbAolf. 
Spain  is  divided  between  an  Knglish  engi-  i  especially  in  the  oldest  if  nut  the  bcit  of  our  eagi- 
neer.  Mr.  Vignoles.  a  Jewish  banker,  ^Ir/F.  ^^^^^^l}'^^^  Polytechnic  lutu- 

Tcreire,  and  the  late  31.  Pcrdonuet.   The  lat- 1     f  Tbi« Voquently  oouuri  on  the  foatbern  linei. 
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»  is  divided  between  English  platelay- 
Frcnch  fitters,  Piedmontesc  uuder- 
nd  excaratora,  Belgian  openwork  ex- 
torix,  and  Spauiardtj,  who  excel  in  no 
icular  trade. 

)ain  pogsesses  a  very  rugged  and  barren 

but  the  mines  of  the  Peninsula  are 

rich ;  and  some  of  the  richest  are,  by  a 

of  natural  compensation,  in  the  most 

en  districts.     Coal,    iron,  copper,  and 

ores  are  very  abundant.      Santander 

Mt8  large  quantities  of  *^  red  ore  "  to  the 

hh  iron  districts.     The  colliery  (Ouenca) 

«luiez,  situate  in  the  Sierra  Morena,  be- 

?n  Ca^tuera  and  Cordova,  appears  likely 

rove  very  rich.     We  believe  that  all  the 

consumed   by  the  *'  traction "  of  the 

lad-Real  and    Badajoz  lino  is  supplied 

t  this  mine,  though  it  has  not  been  work- 

9ng.     Tlic  Cuenca  of  Behnez  was  sur- 

d  by  French  engineers  some  years  ago. 

now  conceded,  together  with  the  Bada- 

inc,  to  a  French  company  (Fines-Lille.) 

oldest  mine  in  Spain  in  probably  that 

Imaden  (mercury);  that  is  worked,  wc 

(vc,  by  Spaniards.    Almost  all  the  others 

iurveycd  and  managed  by  foreign  com- 

esy  foreign  engineers,  and  foreign  work 

The  mines   of  Thelva,  Tarsis,   Kio 

o  (copper),  and  Alcancos  (tin),  were  sur* 

d  and  claimed  by  a  French  engineer — 

•Ernest  Deligny — and  put  into  working 

r  by   a  French  capitalist — the   Due  de 

I.     iluclva  Is  now  in  the  hands  of.  an 

linh  company. 

!ie  harbors  of  Spain  have  not  given  much 
lojment  to  foreigners.  The  big  moles 
'arragona,  Barcelona,  and  Cadiz,  were 
B  entirely,  wc  believe,  without  foreign 
tance,  and  paid  for  by  the  State.  But  the 
U  have  required  foreign  engineering 
It  and  foreign  capital.  Thus  Spain  is 
bted  to  foreign  nations  f«»r  her  mines, 
rays  and  canals.  She  is  also  deeply  in- 
ed  to  them  for  money,  the  Spanish  gov- 
icnt  having  fre((uently  issued  loans, 
h  have  been  subscribed  in  a  great  mea- 
by  English  capitalists.  Three  ooun- 
erpcoialiy — Kn«;land,  France  and  BeU 
I — have  assisted  Spain  in  such  a  man- 
as  to  give  substantial  proofs  of  their 
will  towards  the  Spaninh  nation,  and  of 
*  coiifiilence  in  the  traditional  honor  of 
Spaniards.  Unfortunately  the  late  gov- 
lent  have  destroyed  that  confidence  and 
diated  their  engagements  with  such 
less  as  to  induce  a  suspicion  that  they 
r  intended  to  fulfil  them.     Wo  may 


reasonably  hope  that  the  present  govern- 
ment has  better  intentions  and  a  more  hon- 
orable character;  but  it  will  be  a  hard  task 
for  the  provisional  or  any  other  administra- 
tion to  restore  the  national  credit. 


CONVERTING  CoCOA-NUT  HuSKS  INTO 
Fibre. — The  '*  Mechanics'  Magazine  " 
thus  describes  the  process:  The  shell  or 
outer  covering  of  the  nut  is  first  soaked  in 
a  tank  of  water  kept  warm  b}-  steam.  When 
sufficiently  soaked,  the  shells  are  conveyed 
to  a  hopper,  through  which  they  are  fed  to 
a  crushing  mill,  which  consists  of  two 
coarsely-fluted  rollers,  between  which  the 
shells  pass  and  are  crushed.  They  are  re- 
moved thence  to  the  fibre  mills.  Here  the 
shells  are  drawn  in  between  two  rollers,  be- 
hind which  are  arrangements  for  tearing 
away  the  finer  fibre  and  leaving  the  coarser 
in  the  hands  of  the  operator,  who  presents 
first  one  and  then  the  other  half  of  the  shell 
to  the  action  of  the  mill.  The  coarse  fibre 
is  then  carried  away  and  prepared  for  con- 
version into  bruj^hos  and  brooms.  The  finer 
portions  of  the  fibre  are  removed  from  the 
mill,  and  undergo  a  process  of  final  dressing. 
This  is  effected  by  feeding  them  through  a 
hopper  into  a  circular  screen,  in  which  an 
Archimedean  screw  rapidly  revolves.  The 
fine  fibre  is  delivered  at  the  mouth  of  the 
screen,  whilst  the  dust  and  smaller  particles 
of  fibre  are  carried  through  the  sieve.  The 
fibre  thus  produced  is  used  for  making  mats 
and  matting ;  the  siftings  find  a  ready  sale 
with  florists  and  market  gardeners  for  man- 
ure. The  sweepings  and  refuse  are  collect- 
ed and  burned  under  the  boilers. 


I^'^NOINEERS  AND  ARCHITECTS. — The  kind 
J  of  tacit  estrangement  which  now  exists 
between  architecture  and  engineering,  im- 
perils public  interests,  and  results  in  the 
abuse  of  popular  taste.  The  engineer  can 
no  more  afi'ord  to  work  without  the  architect 
on  his  great  works  than  the  architect  in 
similar  case  can  dispense  with  the  engineer. 
In  the  one  case  we  are  threatened  with  mere 
size  and  solidity,  without  sightliness ;  and  in 
the  other,  with  works  which  promise  an  an- 
tiquarian  rather  than  a  true  artistic  interest 
as  productions  of  our  own  day ;  while  the 
art  of  the  architect  threatens  to  fail  in  its 
highest  aim — the  elevation  of  public  taste 
and  the  excitement  of  popular  sympathy — 
because  it  refuses  to  bend  to  the  wantii  and 
dibooverios  of  the  time. 
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It  is  in  no  sense  derogatory  to  the  pros- 1  Pivrp  Fl  OnnQ 

ti-c  jind  honor  of  either  profession  that  the  ^**  '"'^  TLWUiN 

pul.lie  .shoiiM  long  to  see  the  diY.)rce  Keiween  i-ACK  of  pukventiox— DKsTRrcTiVE  If- 
them  annulled.  Kaeh  has  it:<  special  excel-  FKCTS  ON  PKOPEUTV,  HEALTH,  SEWAtil 
lenee  auii  its  special  |>rovinee ;  we  only  de- .      ^^^^  DIIAINAUE. 

sire  to  insist  that  the  intellect  of  both  is  |  In  this  country,  perhaps  less  than  in  Enfr 
essential  to  great  and  lasting  successes  in  land,  annual  sufferers  by  flood  take  marveh 
our  public  structures  of  every  class.  Life  [  ously  little  pains  to  keep  their  propeny  ail 
is  far  too  short  in  our  day,  the  competitive  dwellings  out  of  reach  of  inundations,  and 
principle  too  active,  and  the  exigeant  de-  ytill  less  to  change  the  beds  of  streams  ul 
uiand  for  speedy  execution  of  our  work  too  the  defences  of  banks  to  avoid  their  destroy 
pressing,  to  allow  of  any  one  man  achieving  tive  effects.  Tire  following  consideratioM 
high  excellence  in  the  character  of  architect  on  the  subject  are  from  **Thc  Engineer:* 
and  engineer  at  once,  as  we  now  understand  i  Once  a  year  at  least,  and  frequently  oftener, 
the  high  functions  of  the  two  professions,  j  inundated  lands  and  submerged  fields  teati^ 
Your  modern  engineer  can  as  little  be  ex- 1  to  the  total  absence  of  restraint  iuipoNa 
pectod  to  design  a  town  hall  or  a  cathedral  ]  upon  our  rivers  and  streams,  and  the  ftfj 
up  to  any  noble  mark,  as  your  architect  can  j  with  which  they  exercise  their  uDcontrolleJ 
be  asked  to  construct  a  suspension  bridge  or  I  depredations.  Bearing  in  mind  the  patieil 
a  railway  station  on  a  grand  scale.  There  |  passiveness  and  apathy^  that  mark  the  cofr 
may  be,  and  have  been,  here  and  there,  emi-  I  ,iuct  of  the  owners  and  occupiers  under 
nent  instances  of  men  gifted  with  the  rare  '  these  annual  inflictions,  one  might  almost  be 
combination  of  engineering  and  architectural  I  inclined  to  believe  that,  instead  of  ruin  lad 
talent ;  but  they  are  so  scarce  and  so  far  be- !  devastation  constituting  their  invariable  at- 
tween  as  not  to  affect  our  argument.  How  |  tendants,  they  were  accompanied  with  tin 
many  a:chitects,  for  example,  are  there  i  same  advantages  that  follow  the  pcriodicil 
among  u-;  t.>-day,  who  could,  dc  novo,  and  inunrlations  of  the  fertilizing  Nile.  Not  only 
without  existing  models,  at  once  de.sign  and ,  are  the  overflowing  waters  permitted  to  ex- 
construct  a  Westminster  Abbey  or  a  St.  i  tend  their  ravages  over  outlaying  districts 
PauPs  Oathedral?  Similarly,  it  may  be  and  the  open  country,  but  there  are  very 
asked,  where  is  the  engineer  who  could  con-  few  towns  where  any  provision  is  made  to 
struct  (ltd  design  them  ?  The  architect  may  '  check  the  progress  o'f  floods  and  arrest  the 
be  aide  to  design,  and  the  engineer  to  con- 1  violence  of  the  torrent.  It  is  only  the  other 
struct  works  of  such  a  mark,  but  it  i^  idle  '  da^^that  Manchester  finally  decided,  whea 
over  again  to  expect  that  either  can  do  both  i  driven  to  extremities,  that  something  most 
unaided  by  the  other.— T/ic  Architect.  I  be  dcme  in  the  matter,  and  has  undertaken 
I  the   construction   of  the   necessary  worki, 

PERMANENT  Way  OF  THE  Pennbylva-  '  undor  the  advicc  and  superintendence  of  out 
MA  Uailroad. — It  is  highly  gratify- ,  of  our  most  eminent  hydraulic  engineer*.— 
ing  on  many  grounds— comfort,  security  and  '  If — in  the  case  of  towns — precuutionAr? 
engineering  fitness  —  to  strike  the  new  >  measures  are  adopted  only  after  so  muck 
permanent  way  of  the  Pennsylvania  rail-  hesitation,  procrastination  and  uncertaiutVt 
road,  after  rattling  over  the  track-*  of  vari-  it  is  difficult  to  predict  the  period  at  which, 
ous  roads  farther  east.  The  smoothness,  the  evils  resulting  from  floods  in  the  open 
thtt  H]iparent  absence  of  joints,  the  sailing  country  will  undergo  any  permanent  abate* 
motion,  in  comparison  with  the  hard  gallop  '  ment.  The  embankment  of  a  river  for  that 
of  whcids  over  unfastened  rail  ends,  is  even  portion  of  its  course  running  through  a  town 
better  than  English  railway  riding,  because  improves  the  river  itself,  and  a  handsome 
of  the  lateral  and  vertical  articulation  of  wall  adds  to  the  appearance  of  a  city.  Bat 
American  ears.  The  steel  rails  of  this  line,  beyond  this  no  good  is  effected.  Above  and 
now  in  use  and  coming  into  use  as  fast  as  below  the  wall-bound  stream  the  waters  re- 
the  Pennsylvania  Steel  Works  can  turn  main  in  their  state  of  original  liberty,  ever 
them  out,  are  four  and  one-half  inches  high,  ready,  upon  the  first  addition  they  may  re- 
four  inches  wide  on  the  flange,  and  weigh  <J7  ceive  to  their  turbid  contents,  to  breaK  out 
lbs.  per  yard.  This  height  gives  room  for  a  into  open  relKsllion.  It  is  even  quest ionabla 
th(^^^Mlgbly  good  fish-joint.  The  sleepers  are  whether  the  penning  up,  as  is  were,  of  the 
two  :ind  one-half  feet  apart  centers,  laid  on  |  contents  of  the  swollen  channel,  does  not  in« 
goad  ballast — generally  blast-furnace  cinder. ;  crease  the  violence  of  those  portions  of  tht 
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•treani  anconfined  bj  the  granite  boundaries. 
Tkat  tbe  improvement — whether  it  consists 
•f  wMcnin!;,  narrowing,  Htrengtheniiig,  ur 
dwpenin^  the  river — is  confined  altogether 
lo  the  small  portion  affected,  there  cun  be 
•o  doubt.  It  is  apparently  incredible  that 
W,  who,  in  the  nineteenth  century,  have 
nndered  all  the  powers  of  nature  obedient 
li  oar  will  and  subKervient  to  our  intere8td 
-*«e  who  have  made  the  opposite  elements 
ff  fire  and  water  administer  to  our  comforts 
sad  contribute  to  our  welfare — should  per- 
■it  our  rivers  and  streams  to  range  at  large 
^whecked  and  unrestrained,  and  annually 
to  eommit  ravages  costing  thousands  to  re- 

It  18  not  our  province  to  inquire  into  the 
rtasoDS  why  houses  come  to  exist  in  such 
doie  contiguity  to  rivers  notorious  for  inun- 
dations, or  why  people  elect  to  reside  in 
tbodes,  which  are  reared  upon  so  fearful 
a  loarce  of  sickness  and  death  as  damp  foun- 
ditiona.  It  has  been  lately  advocated  by  a 
well-known  authority,  that  every  dwelling 
koose  should  stand  upon  its  own  area  of  con- 
eiete  or  other  waterproof  substratum.  The 
■ere  insertion  of  a  course  of  slates,  a  layi-r 
of  asphalt,  or  a  coat  of  cement  above  the 
fi)Oting  course,  is  not  snlHcient  to  endow  a 
house  with  immunity  from  those  evils  which 
directly  result  from  too  close  a  communioa- 
tioa  with  a  damp  soil.  Unquestionably  the 
true  principle  is  that  which  would  require 
the  whiile  of  the  area,  upon  which  the  build- 
ing is  raised,  to  be  overlaid  with  a  water- 
proof layt'r ;  and  we  trust  that  we  shall  ulti- 
aattrly  witness  the  enforcement  of  this  pro- 
viM,  by  the  authorities  charged  with  the 
Npervision  of  the  erection  of  new  buildings. 

There  is  another  light  in  which  to  view  the 
evil  rc»iilt!<  springing  from  the  wh(dcsale  inun- 
dation of  arable  and  fertih!  land, which  materi- 
ally affects  the  great  question  of  sewage  irriga- 
tion. It  is  often  urged  that  it  would  boim- 
pnasible  to  apply  sewage  to  lands  that   are 

Kicularly  well  situated  with  regard  to 
N,  and  in  other  respects  admirably 
adapU'd  for  its  reception,  owing  to  the  great 
qoantity  of  water  existing  in  and  about  them. 
ihe  agrirulturist  exclaims,  '^  We  have  more 
water  than  we  know  what  to  do  with,  and 
you  want  to  send  us  a  still  larger  supply  !'' 
Thii  brings  us  to  a  consideration  of  ttnothiT 
feature  in  connection  with  the  utilization  of 
tewase,  which  is  not  regarded  with  the  at- 
tention it  deserves.  It  is  the  question  of 
drainage.  Lands  subject  to  periodical  flood- 
n^ft  ma'*t  necessarilv  pre.^icnt  greater  obsta- 
VoL.  I— No.  4.— 25. 


cles  to  the  carrying  out  an  efficient  system 
of  drainage,  than  others  more  favorably  locat- 
ed. One  of  the  first  steps  taken  at  Harking 
was  thoroughly  to  drain  the  subsoil ;  and, 
in  fact,  this  operation  w^is  carried  out  to  a 
greater  extent  than  was  absolutely  requir- 
ed, as  experience  subsequently  demonstrat- 
ed. In  an  instance  of  the  nature  alluded  to, 
it  will,  nevertheless,  be  admitted  that  it  was 
better  to  err  npon  the  safe  side.  A  work  of 
supererogation  was  infinitely  preferable  to 
the  fault  of  omission.  If  a  farmer  will  not 
go  to  the  expense  of  draining  his  land  and 
putting  it  in  proper  order  to  benefit  by  the 
application  of  sewage,  he  cannot  in  common 
fairness,  allege  that  the  non-utilization  of 
that  fertilizing  medium  is  due  to  a  self- in- 
herent defect.  Moreover,  supposing  that 
all  the  lands  subject  to  inundation  were  pro- 
perly drained,  yet  the  overflowing  of  the 
natural  water-courses  would,  for  a  time  at 
least,  effectually  prevent  the  application  of 
sewage.  From  the  statements  already  made, 
it  is  manifest  that  by  the  annual  outbreaks 
of  our  rivers  and  streams,  many  thousands 
of  acres  are  either  permanently  or  tempora- 
rily prohibited  from  benefiting  by  the  appli- 
cation of  sewage.  What  constitutes  a  further 
aggravation  of  the  evil  is  that  these  very 
lands — from  their  physical  features  and  nat- 
ural position — are  calculated  to  receive  the 
sewage  by  the  readiest  and  cheapest  method 
possible,  namely,  that  of  gravitation.  Wo 
c«>uld  point  out  instances  where  land  situa- 
ted along  the  banks  of  the  Medway,  and, 
in  every  sense  well  adapted  for  the  utiliza- 
tion of  sewage,  cannot  be  so  employed  in 
consequence  of  the  floods  to  which  it  is  con- 
stantly subjected 

It  would  scarcely  be  reasonable  to  urge 
that  all  rivers  should  be  prevented  from  tres- 
passing beyond  the  limits  of  their  natural 
channels,  by  the  erection  of  heavy  walls 
similar  to  those  constituting  part  of  the 
Thames  embankment.  At  the  same  time,^ 
there  is  not  the  slightest  doubt  but  that  in 
numerous  instances,  especially  in  those  local- 
ities where  labor  and  materials  could  bo 
procured  comparatively  cheaply,  it  would 
pay,  in  the  long  run,  to  construct  a  sound 
strong  wall,  instead  of  the  stereotyped  bank 
with  its  central  core  of  puddle  and  inner  and 
outer  slopes.  Only  those  who  have  had  the 
care  of  these  banks  are  acquainted  with  the 
watching  they  require,  amounting  at  times 
to  a  regular  patrolling.  They  are  a  con- 
tinual source  of  anxiety  and  annoyance  to 
the  proprietors  of  the  lands  protected  by 
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their  ambiguous  influence,  and  a  never-end- 
ing cause  of  expenditure. 

There  is  no  question  but  that  the  tortuous 
course  of  some  rivers,  the  multiplicity  of 
twists  and  abrupt  bends,  mainly  contribute 
to  the  occurrence  of  floods.  It  is  in  the 
'*  elbows "  that  the  marshes  and  swamps 
principally  exist.  If  we  imagine  a  rapid . 
torrent  coming  down  a  straight  reach,  and  on 
a  sudden  encountering  an  abrupt  bend,  i 
nearly  at  right  angles  with  its  previous 
course,  the  volume  of  water  cannot  adapt  it- 
lelf  to  the  sharp  sinuosity,  but  overleaps  the 
bank,  floods  the  land  situated  in  the  concave 
part  of  the  "elbow,"  and  whatever  is  left  of 
it  falls  into  the  channel  beyond  the  bend. — 
Were  more  attention  paid  to  improving  the 
course  of  our  rivers  and  the  cross  section  of 
their  channels,  the  work  of  the  banks  would 
be  considerably  lightened.  As  it  is,  they 
have  not  merely  their  legitimate  duty  to 
perform  as  confining  or  retaining  walls,  but 
in  the  majority  of  instances  they  have  to 
withstand  a  pressure  and  violence  which 
ought  never  to  be  brought  upon  them,  which  is 
due  to  the  crooked  character  of  the  river's 
course.  Floods  arc  due,  not  so  much  to  the 
gradual  rising  and  swelling  of  the  waters  so 
as  to  uniformly  overflow  the  banks,  as  to  the 
fact  that  they  accumulate  with  a  rapidity 
exceeding  that  with  which  they  are  able  to 
get  away.  Owing  to  the  impediments  in 
their  course  they  become  piled  up,  as  it 
were,  at  certain  points,  to  a  height  far  ex- 
ceeding that  of  their  confining  banks,  while 
at  others  their  level  is  scarcely  perceptibly 
altered.  If  a  little  more  money  were  spent 
in  widening,  straightening,  and  deepening 
the  defective  portions  of  our  rivers  and 
streams,  we  should  hear  less  of  banks  being 
breached,  meadows  flooded,  and  towns  inun- 
dated. 


COAST  DEFENCES. 

From  %  lecture  bjr  Col.  JervoU,  before  the  Royal  In- 
•titution. 

Coast  defences  in  Anglo-Saxon  times  con- 
sisted, in  the  main,  of  predatory  incursions 
and  plundering  expeditions.  The  progress 
of  civilization  has  introduced  better  usages 
into  the  practice  of  modern  war;  but  if 
it  had  not,  the  length  of  our  coasts  is  far 
too  great,  and  the  accessible  points  far  too 
numerous,  to  render  it  possible  to  fortify 
them  all.  When  we  speak,  therefore,  in  the 
present  day,  of  our  coast  defences,  we  must 
not  be  understood  to  advocate  a  vain  attempt 
i       cure  by  defensive  works  every  vulner- 


able point,  but  to  provide  for  the  protectiM 
of  our  national  dockyards  and  urscnala,  ai 
of  our  main  commercial  ports. 

For  the  general  defence  of  a  vast  enpiit 
we  must  first  of  all,  and  mainly,  depnl 
upon  our  fleet.  It  ia  to  the  fleet  we  ■«! 
look  for  our  first  line  of  defence  against  ii» 
vasion,  to  maintain  our  commnnicatiaM 
with  our  foreign  possessions,  and  to  prated 
our  commerce  at  home  and  abroad.  Bii 
the  bases  on  which  our  naval  power  m«I 
rest  are  the  ports,  dockyards,  and  aneRi]i» 
in  which  our  fleets  and  squadrons  are  ki^ 
bored,  coaled,  and  refitted.  Thus  we  hsTt 
naval  establishments  at  Portsmouth,  Plj* 
mouth,  Chatham  and  Pembroke,  at  hones 
at  Bermuda,  Malta,  Gibraltar,  and  otbcr 
places  abroad. 

These  places  are  the  roots  from  which  ov 
naval  power  springs,  and  they  require  spa* 
cial  protection  against  attacks  that  may  be 
made  upon  them  during  the  absence  of  tke 
fleet,  either  by  hostile  naval  forces  alone,  or 
by  combined  naval  and  military  expedition. 
Even  if  it  were  possible  that  a  fleet  safi- 
cient  to  fulfill  all  these  duties  could  be 
maintained,  such  an  application  of  the  le* 
sources  of  the  nation  would  lead  to  an  ex- 
penditure of  puiilic  money,  far  exceeding 
that  which  would  suflice  for  the  defence  of 
the  country  with  the  aid  of  other  meau. 
Further,  if  the  several  sections  of  our  navy 
were  employed  for  the  protection  of  the  ar« 
senals  whence  they  are  maintained,  we 
should  be  using  the  fleet  to  maintain  the 
dockyards,  instead  of  the  dockyards  to 
maintain  the  fleet. 

The  means  by  which  these  places  should 
be  defended  are  by  big  guns  above  water; 
big  mines  below  water,  placed  at  proper  dis- 
tances in  advance  of  the  object  to  be  de- 
fended. It  used  to  be  the  fashion  amongit 
I  professional  men  in  this  country  to  cousider 
I  this  latter  mode  of  defence  as  being  incapa- 
j  ble  of  practical  application,  but  of  late  yean 
,  a  very  difierent  opinion  has  prevailed ;  and 
I  through  the  eff'orls  of  Lord  De  Grey's  commit- 
,  tee  we  are  now  in  a  position  to  apply  this  sys- 
I  tern  of  defence  to  any  extent  that  may  be  re- 
({uired  for  the  yrrotection  of  our  harbors  and 
other  points  upon  our  coasts.  The  que^cioo 
,  then  arises,  how  far,  if  at  all,  docs  the  use  of 
,  the  submarine  mines  affect  the  employment 
of  forts  and  batteries  for  defence  against 
,  navul  attack.  Forts  and  batteries  are  still 
I  required  in  all  important  cases  to  cover  the 
j  torpedoes,  and  prevent  their  being  tampered 
iwith.     It  mu^t  also   be  remembered  tbal 
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Ist  tbe  gabmarine  mine  is  harmless  un- 

Ihe  ship  comes  near  it,  the  shot  from  the 
iery  can  injure  the  ship,  whatever  may 
her  po!«itiun,  wiihin  effective  range. 
ther,  althongh  proba>>ly  our  harbors 
[ht  be  efficiently  obstructed  by  torpedoes 
from  seven  to  fourteen  days'  notice,  yet 

condition  is  that  the  weather  should  be 
leiently  favorable  to  allow  them  to  be 
etly  laid.  There  are,  again,  certain  po- 
ms where,  even  if  the  torpedoes  were 
I,  they  might  be  disturbed  by  a  violent 
v,  and  possibly  an  attack  on  the  po»i- 
»  in  which  they  were  to  serve  might  take 
5C  before  they  could  be  renewed  ;  and 
kongh  the  periods  of  the  year  at  which  | 
le  difficulties  might  arise  are  short,  yet 

bare  possibility  of  interference  in  the 
lication  of  a  complete  torpedo  system 
rents  our  placing  entire  reliance  on  such 
lefence  for  the  protection  of  places  on 
ck  the  warlike  power  of  the  nation,  both 

offence  and  defence,  must  in  a  great 
ksnre  depend.  Therefore,  although  sub- 
ine  mines  are  a  most  important  element 
:be  defence  of  our  harbors  and  coasts, 

add  greatly  to  the  power  of  our  forts  to 
»t  a  naval  attack,  they  must  nut  be  ro- 
led  as  substitutes  for  permanent  works 
lefence  at  our  naval  arsenals  and  har- 
i,  and  of  our  important  forts.  | 

0  proceed  now  to  consider  the  employ- 1 
t  of  big  guns  above  water.  These,  with  \ 
the  numerous  accessories  for  their  ser- 

,  nuHt  be  placed  in  positions  so  pro- 
ed  and  arranged  as  to  give  them  a  de- 
d  superiority  over  the  artillery  of  ussail- 

ahips.       The    c|ue8tiou     then     arises,  j 
iher    they    shall  be     placed    afloat    in 
ngly  protected  vessels — i.  e.,  in  floating ' 
eries— or  at  flxe<l  points  either  on  land  : 
B  shoals — «.  c  in  forts.    It  is  often  Raid, 
'hj  don't  you  protect  your  ports  by  float- 1 
batteries  alone?*      The   same  reasons,! 
ever,    as    have    been    before    adduced 
nst   the  employment   of  our   sea-going ' 
r,  prevent  our  employing  special  floating 
eries  for  this  object.     It  would  necessi- ' 

oar  maintaining,  at  each  of  our  chief, 
4.  m  naval  sf(uadron  sufiiciently  powerful 
esis^t  the  attack  of  superior  forces  of  the  i 
uy. 

1  the  construction  of  coast  batteries  two 
II  points  have  to  be  attended  to:  1.  To 
!  e  iVer  to  the  guns  and  gunners.  2.  To 
slop,  as  far  as  possible,  the  lateral  range 

rapidity  of  fire  of  the  guns.  These 
principles  being  somewhat  antagonistic,  \ 


has  so  far  always  been  one  of  those  diffi- 
culties to  be  reconciled,  and  it  is  to  the  fluc- 
tuation in  the  relative  importance  of  cover 
or  fire,  of  protection  for  offensive  power, 
that  different  designs  for  coast  batteries  are 
due.  The  simplest  form  of  battery  is  a 
mass  of  material  in  front  of  the  guns,  and 
either  of  earth,  masonry,  or  concrete,  ac- 
cording to  the  circumstances  of  the  site.  It 
is  evident  that  the  greatest  extent  of  range 
may  be  obtained  from  the  guns  if  they  are 
so  mounted  as  to  fire  over  this  parapet — or, 
as  it  is  called,  en  barbette — for  their  field  of 
view  is  entirely  unobstructed,  and  this  sim- 
ple system  is  well  adapted  for  sites  at  con- 
siderable elevation,  say  100  feet  above  the 
water,  where  neither  the  guns  nor  gunners 
would  be  much  exposed  to  the  fire  of  a  hos- 
tile vessel.  When,  however,  the  site  is  low, 
the  enemy's  view  of  the  guns  in  a  barbette 
battery  would  be  such  that  ho  would  easily 
Hilence  the  battery;  and  it  has  therefore 
been  necessary  in  such  situations  to  mount 
the  guns  so  that  they  may  be  fired  through 
openings  or  embrasures  cut  in  the  parapets, 
instead  of  firing  them  over  the  parapet. 
The  Moncrieff  gun-carriage  has  solved  many 
of  these  difliculties ;  but  armored  and  cov- 
ered defences  arc,  nevertheless,  essential 
under  many  circumstances,  so  that  the  fort 
might  be  protected  properly  from  every 
species  of  attack. 

The  question  of  the  defence  of  our  great 
naval  arsenals,  in  the  event  of  an  enemy 
obtaining  a  footing  on  our  shores,  was  next 
discussed.  It  would,  to  say  the  least,  be 
very  unwise  if  we  were  to  conclude  that  in- 
vasion is  impossible  because  it  is  difficult. 
The  best  disciplined  and  the  greater  part  of 
our  military  forces  must  obviously  be  em- 
ployed to  cover  the  capital ;  we  must,  there- 
fore, arrange  our  plan  of  defence  so  that  as 
few  disciplined  troops  as  possible  may  be 
necessary  for  the  defence  of  other  points  in  the 
country  which  must  be  defended,  but  which 
cannot  be  covered  by  the  operations  of  the 
main  army.  A  mistake  is  commonly  made 
that  because  the  arsenals  and  yards  referred 
to  are  extensively  fortified,  the  garrisons  of 
those  places  must  be  largely  increased.  The 
case  is  precisely  the  reverse.  Supposing 
all  the  outer  line  of  forts  to  landward,  at 
either  Portsmouth  or  Plymouth,  to  be  fully 
manned  at  the  same  time,  (which  would  be 
(|uite  unnecessary,  not  more  than  one-half 
need  be  fully  manned  at  the  same  time.) 
only  between  (5,000  and  7,000  men  would 
be  required  for  the  purpose  at  each  place 
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respectively,  and  only  a  very  small  portion 
of  these  need  be  regular  troops.  The  re- 
mainder of  the  garrison.s  would  consist  of  a 
movable  force,  which  in  any  case  we  must 
have  for  the  defence  of  these  places,  but 
which,  in  the  absence  of  the  forts,  must  be 
of  suflicicnt  strength  and  sufficiently  disci- 
plined to  meet  the  enemy  in  the  open  field, 
whilst  with  the  forts  it  may  be  comparative- 
ly small  in  number,  and  only  disciplined  to 
take  up  a  fighting  position,  under  the  sup- 
port of  the  works  at  that  part  of  the  forti- 
fied line  assailed.  Unfortified,  an  enemy 
would  only  have  to  detach  from  the  main 
invading  army  about  15,000  or  20,000  men 
to  effect,  in  a  few  days,  the  destruction  of 
all  our  ships  and  naval  establishments  at 
Portsmouth.  Fortified,  be  must  employ  an 
army  of  at  least  three  times  that  number, 
and  must  have  a  considerable  time  at  his  dis- 
posal to  undertake  a  regular  siege.  Unfor- 
tified, no  force  that,  in  the  case  referred  to, 
wc  could  afford  f«^r  the  garrisons  of  these 
places  could  protect  cither  against  the  attack 
of  15,000  regular  troops.  Fortified,  there 
is  no  diflficulty  in  providing  the  numbers  and 
description  of  truops  that  would  be  capable 
of  making  a  good  defence  of  these  nurseries 
of  the  navy.  Unfortified,  they  at  once  fall 
if  an  enemy  were  to  obtain  a  decisive  vic- 
tory over  the  army  in  the  field.  Fortified, 
they  remain  in  our  hands  even  under  such 
untoward  circumstances,  and  thus  enable  us 
to  avert  the  destruction  of  our  naval  power 
at  a  period  when  all  the  resources  of  the 
country  will  be  required  to  enable  us  to  re- 
trieve the  position  we  had  temporarily  lost. 
We  are  often  told  that  these  works  are 
unproductive,  and  so,  in  one  sense,  they  are: 
but  who  shall  say  what  effect  permanent 
measures  of  defence  may  have  upou  the  po- 
sition of  a  nation.  Hut  we  are  met  with 
other  objections.  It  is  commonly  said  that 
there  is  no  use  in  constructing  permanent 
fortifications,  because  the  inventions  of  one 
age  render  useless  the  efforts  of  the  previous 
generation.  History,  however,  dties  not 
support  this  statement.  At  this  moment  we 
are  turning  to  account,  and  with  good  effect, 
works  erected  by  Henry  VI IF,  more  than 
three  centuries  ago.  In  like  manner  the 
works  constructed  in  the  time  of  Charles  1 1, 
and  in  the  reigns  of  (teorge  II  and  (Jeorge 
III,  all  more  or  less  form  parts  of  the  sys- 
tem of  fortifications  we  are  adopting  at  the 
present  day.  Then  wo  are  told  that  the 
measures  arc  so  extravagant.  The  fact, 
however  is,  that  by  the  aid  of  fortifications 


wo  are  enabled  to  defend  the  empire  witb 
fewer  troops  and  a  smaller  navy  than  would 
otherwise  be  neccssnry,  and  that  thoj  thus 
tend  greatly  to  economy.  If  we  are  to 
make  provision  for  defence  at  all,  it  u  odIj 
by  the  aid  of  fortifications  that  wc  can  hiTe 
an  ecfmomical  system  of  defence.  Thej 
say,  then,  that  our  fortifications  ''lockup" 
troops.  It  has  been  shown,  on  the  contrary, 
they  enable  us  to  utilize  our  auxiliary  fore«i, 
and  to  set  the  regular  army  free.  Agtia, 
wo  are  told  that  we  ought  to  depend  upon 
our  navy  ;  but  the  main  purpose  of  the  for- 
tifications is  to  enable  the  navy  to  do  its 
duty  effectively.  The  navy  is,  witbont 
doubt,  the  arm  on  which  we  must  mainlj 
depend ;  but  that  is  no  reason  why  we 
should  tie  it  down  to  our  side.  Lastly, 
they  say  ''  an  enemy  will  not  go  near  thne 
fortifications."  The  reply  is,  that  that  H 
the  very  object  for  which  they  arc  provide**. 
To  sum  uf),  the  truth  is,  that  to  provide  an 
efficient  system  of  defence  at  the  least  ctft 
to  the  state,  the  soldier,  the  sailor,  and  tbe 
military  engineer,  must  each  occupy  kis 
proper  place.  The  navy  and  the  anuy  are 
the  vital  principle  of  defence,  and  fortified 
arsenals  and  harbors  are  the  centers  of  re- 
fuge and  action  for  both.  Take  away  forti- 
fii-ations,  and  you  are  unable  to  turn  your 
auxiliary  forces  to  proper  account;  yon 
leave  an  army  utterly  insufficient  for  the 
duties  it  has  to  perform — a  navy  scattered, 
unsupported,  and  with  no  protected  home. 


DURABILITY  OF  STEEL  RAILSl 

It  is  ofiicially  stated  that  out  of  the 
eleven  thousand  tons  of  steel  rails  in  use  on  the 
Hudson  River  Railway — some  of  which  have 
been  <lown  over  three  years— only  eleven 
rails  had  broken  up  to  January  1,  18^0. — 
One  broken  rail  to  the  thousand  tons,  is 
rather  a  different  matter  from  a  thousand 
bioken  rails  a  month,  which  was  the  break- 
age  of  iron  rails  on  the  Erie  road  last  winter. 

On  the  Erie  road  it  is  officially  stated 
that  only  ten  steel  rails  have  broken  out  of  the 
eight  tiiousand  tons  in  use.  Some  thousand 
tons  of  the  above  mentioned  steel  rails  were 
made  at  Troy — the  rest  are  of  English  man- 
ufacture. The  success  of  steel  rails  on  the 
Lehitfh  Valley  road  is  mentioned  in  another 
article. 

The  following  letters  from  the  President 
of  the  Philadelphia,  Wilmington  and  Haiti- 
more  Railway  give  a  complete  history  of  ibt 
trial  and  uso  of  steel  rails  ou  that  road : 


VAN  NOSTRAND'S  ENGINEERING  MAGAZINE. 


857 


I,  R.  R.  Co.,  Presid CUT'S  Oppicb,  )  I  headed  rails  made  in  Pennsylvania,*  costing 
PHILADEI.PHIA,  Deo.  i«,  l8d».  {  |  g^^g  currencj,  which  promise  well.  I  am 
Austin,  Esq.,  Boston:  [offered  steel  rails  of  other  makers  at  $92 

• — Your  letter  of  the  15th  inst.  is  gold  in   Philadelphia,  but  have  complete^ 
This  company  commenced  the  j  our  purchases   of  iron   and  steel  rails   for 
I  rails  made  at  the  Atlas  Works,  1 1869. 

England,  by  John  Brown  &  Co.,  |  The  freedom  from  a  defect  in  a  track 
1864.  At  present  we  have  laid  |  means  also  diminution  of  cost  of  repairs  of 
n  ase  upon  the  most  trying  por- 1  locomotives  and  rolling  stock,  and  enhanced 
r  line,  about  twenty-five  miles  of  i  safety  of  passengers.  If  we  go  on  laying 
k  of  same  make.  We  have  never  |  ton  to  fifteen  miles  per  annum  in  steel,  you 
in  use,  nor  taken  up  one  on  ac-  will  ere  long  see  that  our  expenses  for  track 

repairs  and  in  our  shops,  will  be  reduced 
considerably.  While  we  are  buying  steel 
rails  and  charging  their  cost  to  **  repairs," 
that  account  must  be  large.  *  *  • 
Very  truly  yours, 
(Signed)        ISAAC  HINCKLEY. 


ear  or  defect.  In  the  middle  of 
fd  portion  of  track  laid  with  steel 
ear  Philadelphia  station,  we  laid 
'  American  iron,  and  have  replac- 
ecded,  by  other  rails  of  American 

we  have  used  up  sixteen  iron 
e  the  steel  will  wear  for  several 

My  last  information  as  to  condi- 
ck,  shows  that  not  one  steel  rail 
five  miles  of  track  shows  any  im- 

or  defect,  but  all  are  wearing 
smoothly.  No  observant  passcn- 
il  to  detect  the  passage  of  a  train 

to  iron,  and  vice  versa.  I  can- 
of  makes  other  than  Brown's,  nor 

to  inspect  his  rigidly.  I  have 
8  tons  from  an  invoice  of  600  tons. 
•  failures  may  have  been  of  other 
ire.  They  may  not  have  been 
cted ;  they  may  have  been  punoh- 


P.  W. 


3b  B.  R.  R.  Co.,  Prbsidbxt's  Oppicb,  { 
Philadelphia,  Dee.  22, 1868.         ) 


Edward  Austin,  Esq.,  Boston: 

Dear  Sir — I  have  yours  of  the  18th.     The 

first  steel  rail  imported  has  already  worn  out 

sixteen  (16)  iron  rails,  and  we  have  not  now 

any  reason  to  suppose  that  the  latter  invoices 

are  of  inferior  quality.     But  there  is  great 

fear  on    my  part,    that  railroad  companies 

will  themselves  tempt  steelmakers  to  send  a 

poor  article,  by  buying  the  cheapest — first 

cost  only  considered — as  they  did  with  the 

-        '  -  ,   ironmasters.     It  rests  with  railroad  men  to 

ted   or  any  one  of  many  other  good   j^         ^^^^j    ^^-^^     ^^^  .      v      •       ^^ 

ay  be  adduced  for  their  failure. —  ^^^'^  °  ^       ^    ^         r 

We  try  steel  with  the  chisel  for  hardness^ 
with  the  trip-hammer  for  toughitssy  and  for 
strength  with  the  2,240  lb.  drop,  fifteen  feet, 
the  rail  resting  on  supports  three  feet  apart, 
lligid  inspection  only  can  save  us.  Having 
passed  inspection^  make  no  holes,  or  at  all 
events,  no  punched  holes  in  the  rails. — 
Punching  is  bad  enough  for  iron,  but  death 
to  steel. 

We,  on  Friday  last,  dropped  our  2,240  lb. 
**tup''  twenty  (20)  feet,  upon  a  steel  rail 
resting  on  supports  three  feet  apart.     The 


Kpericncc  is  enough  for  me.  On  a 
this,  where  our  iron  does  not  last 
rs  on  an  average,  true  economy,  as 
le  rail  expenditure  alone,  demands 
s.  The  reasons  which  limit  our 
of  steel  to  about  50  per  cent  of  our 
are  found  in  our  poverty  alone. 
re  long  since  led  by  our  experi- 
the  conviction  that  punching  and 
rcre  very  injurious  to  steel  rails, 
iro  years  we  drilled  them  as  the 
iry.     We  now  use  a  joint  fasten- 


»  dispenses  with  all  holes  in  the  i  ^^j,  ^^  ^^^^^    j,j.„t      j  ^^^.^  j^        ^^^^  ^ 


iy  last  purchases  of  Atlas  rails 
$100  gold,  in  Philadelphia,  to  be 
in  1869,  and  of  Welsh  iron  rails, 
sd  five  years,  at  883  currency  in 
•hia.  I  have  also  received  100  tons 
Lccl  on  trial,  and  have  a  contract 
>ns  Pennsylvania  Stcol  Company's 
'e  have  also  in  use  500  tons  steel 


ui  Central  Railroad. 

•  new  Joint.— £<*.  V,  iV.'t  JTflg. 


steel  rail  twisted,  co/<f,  into  a  regular  spiral 
of  one  entire  turn  to  two  feet  length,  with- 
out crack  or  flaw.t 

Very  truly  yours, 
(Signed)         ISAAC  HINCKLEY. 


*  Waterman  k  Beaver*i  puddled  steel  heads. — Ed. 
K.  A'.'t  Mag, 

\  Wo  have  twisted  rails  made  bj  the  Pennsylvania 
Steel  Company,  and  by  John  A.  Griswold  A  Co.,  ac 
here  stated.— i?i/.  F.  JV.'t  Magaziivt* 
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UISTORY  OF  DECARBURIZING  IRON.* 

No.  II. 

HEATIXG  THE  IRON  TO  BE  MELTED,  BY  THE 
WASTE  IlKAT  OF  THE  MELTINU  FURNACE 
— CAST  IRON  FURNACE  FLOORS — HEAT- 
ING BOILERS  BY  THE  WASTE  HEAT  OF 
FURNACES. 

Gardiner,  Robert.  — 1788,  June  5. 
No.  1,GU8. 

Printed,  3(1. 

Mrtnufactiiring  iron  and  other  nietal8  by  a  pro- 
gri'SJiively  multiplying  air  I'urnaa*.  A  wtIcs  ol 
cotupurtnient8  connecttnl  by  Hucb  from  the  multi- 
plying runiuce,  and  the  liame  and  heat  i>us8  from 
unV  to  the  other.  Each  hatt  a  heparate  door,  the 
further  compartment  being  least  hot  than  tlie  more 
near;  the  tiifit  may  l>e  ul  a  welding,  the  second  at  a 
red  heat,  and  the  third  ut  a  Icns  heat,,  or  il'  re<iuired. 
nuiy  l)c  raised  to  a  greater  heat  by  adding  another 
and  Heparute  tire  communicating  with  tlie  common 
flue.  Tlie  waste  of  putting  cold  iron  into  the  melt- 
ing furnace  is  avoided,  as  it  may  be  heated  by  the 
waste  heat  in  the  extra  cumiKirtmeuts  ready  for 
uw. 

Cast  iron  floors  for  the  furnaces  save  the  wear  of 
the  old  sand  fl<M>rs. 

Steam  Unlers  may  be  heated  by  passing  the  wa.vte 
fbime  and  heat  from  the  furnaces,  round,  under  or 
through  them. 

!NoTK. —  The  patent  doet  not  specify  luing  the 
va9te  heat  of  puddling  Jumacety  but  i7  covers  tuch 
tf«f,  in  as  far  at  a  puddling  furnace  it  and  mvtt  be 
a  melting  furnace.  Jonet  specifiet  using  the  waste 
heat  of  puddling  furnace  t  in  18ii*J.     (See  p.  350.) 

This  patent  is  only  four  years  afttr  Cort's  inren- 
Hon  of  puddling.  It  mentions  iron  furnace  floors 
for  the  first  time. 

It  is  remarkable  in  specifying,  81  years  ago,  the 
heating  of  boilers  by  uaste  heat — a  thing  which  is 
claimed  by  several  modern  mill  managers, 

OXIDE  OF  MANGANESE    USED  IN  THE  CON- 
VERSION  OF  PIG  INTO  MALLEABLE  IRON. 

Keynolds,  William. — 1799.  Decem- 
ber G.     No.  2,363. 

Printed,  3d. 

''  Preimring  iron  for  tlie  conversion  thereof  into 
steel."  The  invent i(»n  consi.nts  in  the  employment 
of  oxide  of  mangiuiese.  or  manganese,  in  the  con- 


version of  pig  iron  into  malleable  iroD  or  Meri.  Ko 
proi>ortionM  or  details  are  given. 

Note. — This  is  the  first  vtention  of  mMgM»en 
in  the  Patent  Office  records  of  the  iron  maniJaettrL 

THE    squeezer. 

Hartop,  John. —  1805.     November  7. 

No.  2,888. 

Priiitfd,  3d. 

"  Method  of  preparing  malleable  irf)D,  fcc.^'  Tfct 
invention  cxinsists  in  the  use  of  a  kJnd  of  nqmetwa 
worked  by  a  cam  instead  of  a  forge  Junmier  or 
rollers. 

Note. — This  is  the  first  mention  qf  the  tquetzw 
in  the  patent  records. 

INTRODUCING     AIR     BLAST     ABOVE    TBI 


GRATE. 


May  SB. 


•  We  omit  sereral  patents  clearly  and  follr  antici- 
pated in  previous  specifications.  The  specilicatioDS 
referred  to  are  printed  and  generally  illustrated  with 
plates.  We  append  the  price  to  each.  They  may 
generally  be  obtained  from  the  Patent  Ofiice  in  Lon- 
don, through  any  American  publisher.  Editions  arc 
Fometimes  out  of  print  for  a  few  months,  but  new 
editions  are  issued  from  time  to  time.  Those  referred 
to  in  our  former  article  are  all  printed.  The  price  is 
3d.  ea4;b,  except  Onions*,  which  is  7d.  All  the  Brit- 
ish specifications  and  engravings  are  on  file  and  free 
to  inspection  at  the  Astor  Library  in  New  York  and  at 
•ereral  other  libraries.  i 


DiMMACK,  Jeremiah. — 1812. 
No.  3,5G9. 

Printed,  3d. 
''  Manufaetnring  iron  in   its  difflrnlt  itige*  or 
fonns  of  blooms,  slabs,  piles,  bars,''  he.,  "ur  ockcr 
malleable  iron  from  pigKor  plate  iron  iu  a  pnddliig, 
balling,  bloom,  mill.  shiH.'t  iron  furnace,  or  any  ochs 
air  furnace,"  &c.     *'  Take  any  furiiace  of  the  «•• 
mon  construction."  but  the  grates  iiuiM  not  be  liffs, 
|and"le.H.'<  at   one  end  than  the  other."    "Lml 
j  with  and  immediately  abf>ve  the  top  of  the  grate." 
introduce  an  iron  blast  ]n\)v,  with  8t<i|K:uck  to  regu- 
late ami  hhut  otl'  the  blast,  and  put  dampen  in  ibe 
chinmey. 

Note. — JUhovgh  referring,  among  other  tkiwpt 

to  the  manufacture  of  malleable  iron  from  pigs  it 

a  puddling  furnace,  this  practice,  as  Jar  as  it  stf 

plies  air  above  the  fire,  would  not  meet  the  mod^n 

j  itlea  of  puddling,  viz  :   decarburizing  by  «««nj  ^ 

!  the  ftttling,  without  the  aid  of  air.     (Ste  Siemens 

I  on  Puddling,  Van  Nostrand^s  Mag.,  Vol.  I.  A'o.  1, 

!poge.'57.)     Blowing  in  air  above  the  fire  in  rever- 

1  berutory  heating  furnaces  i*.  however,  practised  in 

some  qf'  our  best  modern  forges,  especially  far  ktat- 

ing  large  masses.     This  patent  at  least  hints  at  this 

practice. 

iron  ore,  scales,  lime,  etc.,  used  to 
decarbl'rize  piu  iron. 
MusHET,  David. — 1S15.   July  27.   No. 
3,944. 

Primed,  4d 
The  metallic  contents  of  refuse,  such  as  slag, 
scoria,  cinder,  scales.  &c.,  are  nn'o^-ered  and  made 
available  for  producing  **  finers'  iron  or  metal "  in  a 
furnace,  called  **a  smelting  fincrj'."  by  "making 
use  of  the  sui>erflu<»us  carUni "  in  pig  iron,  whii-h 
is  to  l)e  melted  with  the  refuse  in  tiR*  f<41owiiig  pn>- 
IM>rtions  :  300  or  400  llis.  of  coke.  600  Ilia,  of  pig 
iron  (broken  up).  180  to  240  lbs.  of  refuse  and  loO 
Iks.  of  limestone,  or  by  prt»fert»ni^.  40  to  120  lbs. 
of  burnt  lime.  When  the  charge  is  molted,  the 
metal  sinks  to  the  lM)ttom.  and  should  bo  kept  care- 
fully covered  with  the  meltiHl  scoria;  no  part  is  to 
be  run  off  till  the  furnace  is  tapiH>d.  If,  after  the 
llrst  or  second  tapping,  tin*  metad  is  not  aufticicntly 
decarburized.  or  "  not  high  enough  blown.'*  the 
proportion  of  coke  is  reduced,  or  that  of  refuse 
increased. 
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2d.  Iiist«aid  of  **  refuse,"  iroo  ores  may  be  re- 
Anc.-U  ID  a  tfiuilar  raaniK'r,  with  mixiug  them  with 
pft  inm.  the  urev  lieiiig  thus  used  tor  deearburiziug 
ihr  pig  iri»u  either  iu  their  raw  state  or  calcined. 


the  top  of  a  wTought  iron  tube  about  thirteen  inches 
in  diameter,  and  eight  feet  long,  called  the  *^  dis- 
charge tul)o,"  which  is  nunk  into  a  well  surrounded 
with  water  to  keep  it  cool.     At  the  top  of  the  tulM 


3d.  Instead  «if  the  above  ch^irge,  pig  iron  may  1)0  Just  Umeath  tlie  cullender  are  a]>crturea  for  the  ad- 
wnilti-d.  ami  SM  t«>  i'tO  lbs.  4jf  coke  or  other  fuel,  |  mission  of  a  blast.  The  operation  is  perfomie<l  at 
lUit  iii  :Hr»0  llis.  of  refuse,  and   KH)  to  120  lbs.  of  follows:     The  molten  iron  ispourcHl  into  the  cullen- 


boriii  HuK.  or  140  to  170  Ilif.  of  limestone,  melted 
Vis^thcr.  will  priNlucL*  liners'  mot;il.     The  propor 
tiio  (if  lime  shi»uld  l»e  with  mill  scale  one  sixth,  mill 


der  and  fills  through  the  holes  into  the  discharge 
tube.  At  the  same  time  a  strong  blast  is  iI^jected 
into  the  tul>e  in  and  among  the  divided  particles  of 


_T  UUh'sg  fum.ice  slag  one  third,  pudding  and  dnery  i  iron,  which  are  thus  subjected  to  its  action  durhig 
4ag  ouv  fourth  of  their  resp.'ctive  weights  of  burnt  1  their  descent  into  the  well.     The  iron  is  collected  at 


Huie. 

4;h.  To  produce  metal  fnmi  iron  ore,  800  to  400 
As.  of  coke.  300  to  8->0  lbs.  of  iron  ore  (broken 
mill),  and  as  much  lime  as  wimld  flux  the  iron- 
ttfine  in  an  ordinary  furiuce,  are  used. 

«h.  With  proper  proportions  of  ttux,  refu.se  may 
be  Q!*d  either  with  iron*«tt)m»  or  iron  ore,  care  l»eiug 
alu-uvs  t:«ken  to  have  a  sufficient  dejilh  of  scoria  to 
fn>tvct  tla*  metal.  *•  By  having  a  hearth  of  suffi- 
cU-Tii  depth  lielow  the  twyre.p-irt  of  the  scoiia  may 
be  run  t><r,  and  a  gnrater  ([uantity  of  metal  be  ob- 
UiiH-d  at  one  lapping." 

♦i'.h.  If  the  mmcrials  of  the  charge  are  suflBciently 
fnWAc  the  quantity  of  coke  or  otht?r  fuel  may  l>e 
dhuioisdied.  or  the  amount  of  refuse  increased,  till 
•^thc  proper  degree  of  deearlxmation"  is  ol>tiiined. 
W*<e  is  thus  les-xened.  since  **  the  higher  the  iron 
b  n*ttiicd  or  blown,  the  less  is  the  loss  or  waste  in 
the  sulMiHiuent  manipulations  of  the  forge." 

7ih.  The  met.il  may  be  kept  protectwl  by  a  suffi- 
cient dvpth  of  sci>ria  *'  by  drawing  off  the  metal 
fr**ni  below."  iaMcad  of  ••  allowing  it  to  flow  ofl* 
•ly»ve."  thereby  riMjuiring  less  bla.st. 

The  furnace  n'eommonded  for  the  smelting  refl- 
i.s  iiimiUr  to  a  conunon   blast   funince,  but 


the  bott<»m  of  the  well,  and  at  the  end  of  the  ope- 
ration the  water  is  discharged  from  tlie  well,  and 
the  iron  then  **  must  be  made  into  bar  iron  by  pud- 
dling, relieating  and  rolling,  oi  by  any  other  known 
means." 

Note. — Anthony  Hill  is  known  to  have  been  a 
practical  iron  worker^  but  how  far  he  utilized  this 
invention  we  have  no  evidence.  He  does  not  propose 
to  decarburize  the  metal  sufficiently  to  make  it  mat' 
leablcj  as  Martien  subsequently  (September  15M, 
1855)  did^  by  le»s  adequate  means,  viz  :  the  blowing 
of  air  up  into  a  stream  of  liquid  iron  as  it  flows  in 
a  runner,  t  Neither  of  these  inventions  could  accom' 
plish  anything  further  than  refining  iron  prepara- 
tory to  puddling,  and  HiWs  has  this  advantage  over 
Martien' s — that  it  would  work — in  some  limited 
degree. 

HiWs  is  the  first  recorded  proposition  to  decarbu- 
rize  without  the  use  of  fuel  to  keep  up  the  tempera- 
ture, and  it  would  appear  to  anticipate  the  claims  of 
subsequent  inventions  as  far  as  partial  decarburi^ 
zution,  without  the  use  of  fuel,  is  concerned,  BeS' 
seiner  introduced  a  radically  new  element — the 
MECHANICAL  PORCK  OF  AIR  to  keep  the  metal  subdi» 


;:k.-r,  with  a  s.|Uire  or  cvlin.lric  hearth,  having !  ^^/'^  ««  '^a/  the  oxygen  could  act  on  a  vast  surface 


(/  carbon  at  once,  and  thus  burn  it  fast  KSiouoift 
to  keep  the  iron  liquid. 

CHARCOAL  USED  TO  PROTECT  THE  BOTTOMS 
OP  PUDDLINQ  FURNACES. 

Harford,  Richard  SrMMSRS. — 1822. 
January  9.     No.  4,684. 

Printed,  3d 
"  An  improvement  in  puddling."     The  improve- 
mL'Ut  consists  in  using  a  layer  of  charcoal  or  charred 
carlNmaceous    mattiT,  powdered  or    otherwise,  U> 


■  li:  i;:ht  of  alM>ut  twenty  Ut  thirty  fVct.  six  to  eight 
fr«-l  ill  diamL*ter  at  the  boshes,  two  to  three  feet 
dlAuit'ter  at  the  to]*;  tlie  hearth  InMiig  tive  or  six 
feet  high,  auid  two  to  foui  lV*et  in  diameter. 

NiiTE  — M  this  time  of  excitement  about  the 
Ellershauiitn  process  and  the  ore  processes  it  has 
given  ri*e  to,  it  is  interesting  to  remember  that  both 
urt  andotkrr  oxugen-btaring  substances  were  speci- 
fied, to  partially  decarburize  pig  iron,  over  half  a 
century  ago^not  in  the  puddling  furnace,  but  in  a 
sort  of  fintry  or  first  stagr  of  puddling.  The  use 
of  the  ores  is  clearly  slated  in  the  2^  paragraph 

above.  j  ''  protect  the  Ciist  iron  l>ottoms  or  floors  of  puddling 

1  furnaces  "  from  the  effircts  of  the  intense  heat,  and 

PARTIAL  DECARBrRIZATION  BY  MEANS  OF    Hubstituting  charcoal  lor  the  substances  usually  em- 

.VIR  JET8,  WITHOUT  TIIK  USE  OF  FUEL,     j  ployed,  such  as  scoria  or  sand,  which  impart  inju- 

--  .  ,„         101-        A  AC,     rious  qualities  to  the  iron. 

Hill,    Anthony.  —  181i.     August    5..         ^ 

So.  4,151. 

Printed,  M.  | 

••  Iraprovem^^nts  in  the  working  of  iron."  These  I 
eoTMiiit  "in  can»«ing  crud»'  iron  while  in  a  Huid  state,  I 
ho«ir!W«\xT  and  fr.»m  white ver  sub»t:inc«i  su<:h  Huid  I  ^^^,„„, 
cni.l'*  iron  nuv  hive  be»Mi  obtained,  to  Ix?  e\p«>sc<l  1  ^  4  Tl-i 
to  an«I  ronveyetl  along  with  a  strong  current  of  con-  ,  ^^"*  **»  ^*^' 
den^tl  air  or  blast  in  such  nriimer  thit  it  miy  l>e 
lhT.:iT  minut.rlv  divided  and  disperswl.  an«l  exjie-  I  "Improvements  in  the  manufacturing  of  iron,*' 
di!ioii«'!y  ••  blowii  an.l  acted  upon  by  the  air."  The  j  The  invention  consists  in  charging  the  puddling  fur- 
piT.'iiU«'«  d"stTi'H»^  an  amn'^Mnent'of  apjMratus  by  I  nace  with  refined  metal,  pig  or  crude  iron  in  % 
whirh  this  i>!»jert  ran  Ik'  et!'ected.  A  cullender  of ;  he;it<Ml  state,  instead  of  putting  the  chargi*  in  cold. 
CiM  iif  w.-imght  iron  shipml  like  a  bin-kot.  being  I  The  heating  oiK^rat ion  nny  Ikj  performed  cither  bj 
Ah-Mit  p';;hte(Mi  in/lics  in  diim^ter  at  th?  top.  and  I  the  heat  of  the  puddling  furnico  or  in  a  separate 
tea  iticli'7»  lit  thj  bottom,  is  supported  in  a  cisc  on  |  furnace. 


HEATING  THE 
THE  WASTE 
FURNACE. 


IRON  TO  BE  PUDDLED  BT 
HEAT  OF  THE  PUDDLING 


Jones,  Willia.m. — 1822.     October  18* 


Priuted.  3il. 


3(K) 
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Note. — Thit  patent  t«  partially  or  wholly  antici-  i  WAT) 

pated  by  Gardiner^s^  in  1788.     This  important  im- ,      • 

provtment  hat  lung  beenuted  in  some  ettablishmentSi 
and  is  just  now  coming  into  very  exttnsive  use  in 
this  country.  It  is  found  to  effect  a  considerable 
economy  of  fuel. 


May  15. 


THE  USE  OP  SALT  IN  THE  PUDDLING  FUR- 
NACE. 

LucKcocK,  Joseph. — 1824. 
No.  4,950. 

Pn'mcd,  3d. 

"An  improvement  in  the  manufacture  of  iron.'- 
The  impruvemcnt  \»  stated  to  be  the  Ui^e  of  salt  in 
certain  (luantilieM,  aKcerluinahle  by  ex|)erience,  to 
l>e  mixed  with  the  iron  in  the  htite  in  whicli  it 
comes  from  the  blast  furnace,  and  worked  up  with 
it  in  tlie  puddling  furnace. 

Note. — Anticipated  by  John  Payne ^  90  years  be- 
fore, as  far  as  the  chemical  tffect  of  salt  in  refining 
is  concerntd.  though  not  usedtn  the  puddling  Jurnact* 
Experiments  are  still  makings  and  patents  are  still 
applied  for  in  this  direction, 

THE  USE  OF  SALT  AND  POTASH,  IN  SPECI- 
FIED PROPORTIONS,  IN  THE  PUDDLING 
FURNACE  AND  FINERY. 

Lambert,  Josias. — 1829.  March  30. 
No.  5,779. 

Printed,  M. 

"  Making  iron."     The  invention   eonsisl8  in  the 
application  of  two  parts  salt  and  one  ]»art  of  ]Hjtatih, 
in  ihe  blast,  or  rellnery,  or  puddling,  or  balling  fur- 
naces.    The  mixture  b<;ing  applied  to  iron  of  infc: 
rior   quality  at  a  Iiigh  degree   of  heat,  is 
greatly  to  improve  it. 

Note. — Payne  also  proposed,  in  1728,  the  use  of 
potash;  Lambert f  howevtr,  is  the  first  to  specify 
d^nite  proportions. 


SPECIFIED  QUANTITIES  OF  SALT,  POTASH, 
LIME  AND  SALTPETRE  IN  PUDDLING. 

Lambert,  Josias. — 1830.  February  4. 
No.  5,893. 

Printed,  3d. 

"Making  iron."  The  invention  consist.H  in  the 
use  of  a  mixture  of  salt,  potash  and  lime,  or  a  mix- 
ture of  salt,  Halti)etre,  and  lime,  in  the  smelting,  or 


ATKB  AND  AIR  CA8INGS    FOB    FLRNACU 

THE    BOILING    PROCESS DISPEXSIXO 

WITH  THE  FINERV. 

HoRTON,  Daniel,  and  HoRTox,(jioiai. 
—1832.     September  7.     No.  G,:i9U. 

Printed,  1«.  lUd. 

"Improved  i»uddling  furuiice.*'  Tlie  iowBtki 
consiKtH  in  applying  to  the  old  puddling:  luruacri 
eertuin  additions  claimed  uh  iiew.  viz :  hWluw  \e^ 
st'ls  or  easi>s  fonning  the  ends  aiul  nifleA  uf  tbv  lov- 
er part  of  the  puddling  funiaee.  allowing  air  tf 
water  to  circulate  in  contact  with  the  ii»idf  vwag 
of  the  puddling  furnace,  the  ohjeet  being  KieiuUe 
a  very  high  degrw  of  heat  to  Ih;  usted  in  tlie  pud- 
dling furnace  without  itM  iKriug  dentruyed.  the  iiyK- 
rious  etfectfe-  being  prevented  by  llie  cirt  uUtiufi  i^ 
air  or  water  carrying  oil"  the  fuiKMtluoafc  Imthi.  The 
use  of  this  pnchiling  furnace  (which  is  luliy  <k*siTibed 
with  drawings)  enables  the  refining  pnii-^'»  to  be 
dispcn.sed  with.  On  the  bottom  and  sidc«  ul  tbe 
furiiuce  are  strewed  slag  and  cinder  to  the  depth  i^ 
al>out  an  inch  oi  an  indi  and  a  half.  TIich'  are 
meltetl  and  fonn  a  Uatom.  on  which  axv  iibivd 
broken  pig  iron  and  ]  by  weight  ol  cinder  &im1  idaf. 
The  whole  is  then  "  raiKHi  to  a  higher  dirgnr  «f 
temperature  than  is  usual  in  puddling  rillikil  irui, 
whicii  will  cau.se  the  pig  iron  to  Ual."  "liuTing 
which  ojK'ratiou  tin-  s;ime  is  to  be  wHi  stimsl'*  liy 
the  puddler  *'  until  tlie  malleable  iron  is  dis^'ugagird 
from  the  cinder.'"  The  heat,  if  necessury.  is  ila-a 
to  be  danji»ed  otf.  The  iron  ih  to  be  iMtllt-il.  aiwliU; 
puddling  complete«l  in  tJie  ordiiury  way;  and  »Ii« 
the  balls  jire  withdrawn!,  tlie  tiuid  cimler  \h  run  out, 
and  a  fresh  charge  is  ]iut  in.  Malleable  ironiaihui 
priuiuced  direct  from  the  pig. 

NoTK. —  Water  casings,  backs  and  f rami t  Imre 
6««?w  Ihe  subjitts  of  many  tubstquent  patents,  Siv. 

sta'tcHl  I ''*'"''''**''  *"''*^"''/  ^"'  **''*  ^*  the  first  ncttrd  rf 
Ihv  practice,  and  it  is  fjuite  comprch^HSiti:  €hd  cun- 
plete. 

Although  commencing  with  pig  iron  u  sitecifitd  in 
Jurmer  patents,  the  finery  was  uuicirsally  uaea  ti 
this  time  as  a  preparatory  process. 

2'he  boiling  process  was  introduced,  ajtpartntly. 
to  aroid  the  finery — to  decarburiztfasUr.  It  isnuw 
used  to  make  a  better  quality  of  iron* 


A  SHOOT  TO  CARRY  MELTED  IRON  FROM 
THE  BLA8T  FURNA(!E  TO  THE  FINERY. 

Guest,  Josiah  John. — 1833,  January 
31.     No.  (5,379. 

PriiiK^I,  .11. 
The  invention  consists  in  aflixing  to  tin*  blast  fur- 


Buddling,  or  ballhigpnxjysscs,  iu  all  or  any  of  them.  I  n:ice  an  in.n  slu»ot  or  chjinnel.  and  run'anji  the 
The  proportions  recommended  by  iirefen*nce  are  I  moUen  meljd  In im  the  blast  furnace  dirert  into  tl.e 
two  purU  salt,  one  of  jHjt.ish,  and  tw<>  oi*  lime,  for  ,  relincry   turnace    (which    is  placed   near  therein), 


the  first  mixture,  to  be  used  when  the  iron  is  nl'rod 

•hort  quality,  ami  for  the  second  mixture,  two  jiarts 

nit,  oue  and  u  half  saltpetre,  and  two  parts  lime,  to 

be  naed  when  the  iron  is  found  to  lie  *'cohl  short.'* 

n»  mixture  may  be  introduced  in  the  furnaces  at 

•rafnlar  intervals,  or  combined  with  every  changi'  of 

iteriiilfl.     The  niixturcH   are  UHcd  in  proportions, 

Ting  according  to  the  qualities  of  the  iron.     The 

iwing  ore  rec«)mmcndcd :  In  the  blast  furnace, 

bi.  to  Uie  ton  of  iron;    in  the  finery,  20  lbs.  to  u 

if  iron;  in  puddling,  18  lbs.  to  the  ton;  in  the 

7g  Aimocc,  18  to  80  lbs.  i>er  ton. 


where  tlie  iron  is  refined  in  the  usual  manner. 

SPECIFIED  QTANTITIES  i>F  OXIDE.  OF  MAN- 
CIAXKSE,  SALT  AND  CLAY,  IN  MAKING 
MALLEABLE  IRON. 

ScH.\FHArTL,CHARLEs. — 183.),  May  13. 
No.  6,S37. 

Ni»  »p«-<?ilic.ntion.    Sec  Rcjieriory  of  Arn.  W.  IV.  nrw  m- 
rivs,  p.  33^1;  unci  Ntwuur««  1^>ik1uii  Juuniul,  Vol.  VII.  p  ML 

I      *•  Manufacturing  malleable  inm.*'     The  R|HH:itka- 
I  tion  of  this  pateut  apiteaiH  to  have  been  frtolvo. 
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From  ihe  following  reffrences  (Re|K»rtory  of  Arts, 
Vul.  IV.  new  aeries,  p.  3^i4;  Newton's  London 
iniirujl.  Vi»i.  VIJ,  i>.  ;i41).  it  m^vma  iliat  thi^  invcn- 
liiNj  consi^tiMl  iu  tin*  us(;  of  hhick  oxide  of  oian^pi- 


Ik^  used,  mid  twenty  hundred weigrlit  of  puddled 
bars  ure  ]inKiue4il  from  twenty  and  tliree-tiuartera 
Imndredweiglil  «)f  refined  nietal  or  plate.  Oilier 
proportions  and  partieularff  are  given  according  to 


fzur  funriee  arc  added,  and  only  half  tho  quantity  of 
Min^mi'ito  employed.  Less  quantities  of  munga- 
h«*f  mA  mure  of  refuse  and  slag  will  produce  a 
kftrdc-r  irou. 


Bi-*:.    13   llis.;  common  .««alt.  well  dritHi,  3jJ  Ihs.;    the  quality  of  the  materials  employed. 

p.'tier's  cLiV,  well  washed.  10  oz.     The  ingriMlienls  I  r,      j  x,    l  s         4l  j.    *      -l      .. 

!tfe  well   m'ixcd   and   ground   fine,  and  tuseil  with        ^^^r^^ -David  MuM  was  the  vyy  best  aut^^^^^^^ 

lU,ul  '41  cwl.  of  pig  iron  hi  the  U.iihig  oven.     The  :  «>" ''^^  "•«"  and, teel  manufacture  at  tkiH  tune.     Like 

C^Hor  of  the  tl^mes  will  indicate  the  progress  of  the    ^^*^''  '"««  oj  large  idtas  and  ixp.n.ncc,  he  tomej 

fbMon.     The  mixture  being,  bv  preference,  iuiTn^^f^;'*^n^atentedor»u'^gettedvirynov,lc^^^^ 

d:ic.-d   in  ihn-e  pinions,  the  n-sult  will  l>c  a  gootl ;  although  very  rtasonable,  ahu,  had  not  been  wjrkud 

M\  in.n.     To  ppMluee  a  harder  iron,  three  or  four  :  <>«^  m practice.     In  this  ca^e.  f^^^^^'^'^r,  his  ^pecijica- 

rfhiveifulls  of  roller  refuse  and  cinder  from  the  bail-    ''^«  ^•«'  obviously  drawn  up  ajler  the  fact,  had  been 

fully  a  eve  loped. 

Thirty-four  years  ago.  Mushet  published  the  fact 

that  stirring  fine  ore  into  iron  during  the  process  of 

puddling   IMPKOVKl)    TUl;,    Ql'ALlTY    .\ND    IN'i.'KJtASEO 

TiiK  YitiJ) — a  fact  that  some  of  our  iron  makers 
--•'■—/  »*  "•' "t^,  ».-...*-»*--  rr'-^'VL  '''S'TV  '  '•««'«  ^ot  yet  found  out.  Cuarae  ore  for  fettling  has 
ftf  Hiynolds,  III  lilM.  i>chafnautl  ts  the  first  to  ,  ^  ^,,/^,^,^  .specially  in  the  works  about  Troy  : 
ysrtieularize  proportions,  wuirh.  by  the  way,  ore  :^J^^^^  .^^  .^^^^  ^^  ^^^^^^^^^^   .^^  Pennsylvania 

wr  rcry  different  Jrom  present  practice  i/i  somelo-    ^^^^  ^^^  ^^^^      ^^^^.^^^    ^,^^  ,^,       ,^^^  ^^^  J^^ 
^liUes^     Manganese  isuow  generally  employed  m  ■  ^.^^^  ^^^  Eller.hausen  process  a  greater  improve- 
the  puddUng  Jurnact.  in  the  shape  oj  h ranklinxte-,  ^^^^,  ^^^  ,^^  Pittsburg  practice  than  on  their  own. 
fig    iron,  or  ^pug.leuin—the  carburet  ]»^'tead  of  ^^^^  ^^.^^.       .^^  ^^^^  ^^^  has  just  begun  to  be  prac- 

tits  about  10  per  cent 

{what  KtlfTshauiea 

j  M-c,  »•»  .w.^.y  «-.w.  ».w-  ...  .he  puddling  furnace 

K-nDLIXG  WITH  THE  I'SE  OP  PULVERIZED  i  ^"''»''^  **A^'">'''''* //'^'^'y  '7'"^^^^ 

'  economy  oj  Juct  and  time,  and  with  an  improvement 
IRON  ORE.  \  of  quality. 

yivanflT.    David.  —  1835,    October    22.!      ^ome 'ly)  years  ago,  the  experiment  of  mixing  char- 

\      I*  OOS  ■  ^^^^  *^''^^'  ^^^^  *^^^"  "^  ^"^^'  ^"SK*^^^*^'^  ^y  Alustietj  was 

•**"'"  p  ii  I  d  fij  '■  ^ried  at  a  large  ^.Imvricaa  u^urks  with  very  good  re- 

_-        -    .     .      t       .       '     '      nil'        >i  Ti     [suits.     The  practict  has  lately  been  revived.     The  use 

••  M  imif  ictiirmg  bar  iron  or  malleable  iron.  The  ^^^^^^  ^  j  ^  .^^  decarburization  can  be  explained  on 
IirHMnr.itwucomniuuvsby;,nvin:<adrtadedaceount  ^-^^  ^^^^^j  ^^  ^,^,„^ting  a  higher  heat  throughout 
01  ih..  r.rt.ierv  and  puddhng  ,jPK:ess».s.  and  the  ,  ^^^  *,^^^  ^/y^f  ^^^^^^.  ^^^^^,^  ^^^^^  .,  -^  Oe/semer 
ti-rm.  ei.ipl.»y.Mi  therein,  ai-.d  o(  tlie  dill».r<Mit  qua  i-  I  .^^^^  ^^^  ^^^^^^  ^^^.^  -^  it  removed  ;  the  rapidity 
tio.  nf  .:.i.t  iron.  It  then  pr.M-eeds  to  deM-nbe  the  '^/,„„,f,^,fi^„  ,,  ff,,  t  ,„d  t^  f,,  f,^^  ^  ^ 
hi::.r...,Mii.MiC*    |.atenit.l.  wnieh    c..ns:st    in    mixing.  \,  ^.  manu  inventions  are  from  auuaf 


fig  iron,  or  .pug,ieisin-ine  canmni  '"'"'«'**>/; /^^^  ,<,>nV^,  ,„  fine  ore  has  just 
the  oxuU--and  IS  Joundoj  great  advantage  ^^f^f^  ti,,a  ngularly.'  Mushet  specifies 
tjuvunstrcat.daresulphurous.  '^  is  indispensable  ^  ^^ ^^,^^^  J^^^  as  M) per  cent  {u 
to  making  guod  puduUd  .teeljrom  most  of  our  irons.     ^^^^^  ^^^  ,^^^^    ^^^^^  „^^^  .^  ^^^ 


'^  ■    I' : ,.     ,      uoi.  jonn  i>ievei:s  maae  arawtngs 

aii-:  .  *u--s  it  s-KMier  t<i  Ik-  "  brought  to  nature.       It    ,^j^  j-^^  ^^,.  defence  of  A\w  York  in  IHi'l,  which 

»U.  erikbU  N  enido  iron  to  l»e  ummI  uitbout  l.tMii;:  re-    ^^,  ^;.  y^„^^  ^^^j^^  ^^  /Ac/i/«/  Uif  «/  iron-clads  in 

fiui-d.  ind  pnMluci>«  a  bar  of  improved  qu.duy  and    ^^^.^i  ^^arfare.     Mr.  Mushet   was  equally  in  ad- 

IT -..is-r  weight  than  the  ..Id  priH-essi-s.     A  rliaig.'  \*i.  Vance  of  the  times,  not  only  in  his  practice  men- 

iU.iil    4"»ll    iMund-i   of  inidi-    pig    ipmi.   varying  ^n    tiuned  above,  but   in  other  uLictiont  to  which  we 

qiiiiiry  f.Miu  bright  gri-y  aiul  iiiottle«l  t«>  uhile,  ae-    g^„//  ^^p^.  occasion  to  refer, 

coplin^  !•*  ciri'um.-«iaiu'<'!>  and  tin*  judgiui'iit  of  the  j 

Hi  i.M  if  .itun*r  (.N«».  2  gn-v  iron   t\»iindrv  metal  will 

yT.yuit'^'   ev.rUent    b:'.r  iron;  is  empb.yed;  xvlirn  it  .  MECHAXICAL  ri.DDLIN(4. 

U-Z\n.  TO  m.  It.  and   U  lit  to  be  Mirred  by  ihe  pud-  I       ScilAKII.ArTL,    CilAULKS.  ^  183G.    June 

d;-.-,  .1  d- »•**.■  ol  about  two  pHuidt  of  powdered  ore,     -lo        v       -i  i- 

or  lire    Hid  chireiiil.  is  >pliiklrd  on  tb<'  iron.  ;ind  ^•''      ^^'  'H'* 

»  it   "tlr"-"'!  up  wirb  ii.     Th  •  dovs  are  giv.diiidly  j  Pi  inicd.  (M. 

r»-»*iT«-l   iis  ihi'v  ;ir;"  .ibsiir!K-d.  until  about    lortv  i      .    .  .       ,•  i  n-       •        ••     rr\ 

*      .      ,.         ,•     1         ,  ,.    ..J.  u. •  ,:,  i      '•  .\iiinr..tus  l.»r  i»uddling  iron.       The  simm-i  ca- 

P'Vi  I*  oi  i^-r.vd"*/ 'd  ore  ('»r  i»iir-ele\entii  bv  weight  !    .         *'    ,  i  i  *      .•    '       ■  • 

.    '  ,.         I       •     •       .1         1    '.         ;      I  tioij  j4iivl  •liMwiiigf*  di'senU' ail  iip|i.iriitus|.»r  worUinaf 

ol   \in-  *'Mrgi'  ol  i-ru"!-'  piir  iioii>,  luve  been  spriii-    .,         .     .  ,  S.  i     •   •       -.'.'i  ,        .* 

i_.    ,  *^.  .'  "      n-i  111-  the  Stirring  rjbne,  iiiid  giving  11  the  necessarv  loiitfi- 

ki.-*l  •..«  tn-*  <erme:jti:ig  iron.     1  hi*  puiMling  prori'ss  '       ...      '^,  ,  .  ••     .i  ,  ,,.•        '^ 

.  .    ,  1?    •    .1  I  I.-   I  tndinal  aijd  trans\erse  motions  in  Ihe  i»uddlm2  iiro- 

i»  I    rt'i'd  'Ml  m.Miiwhiie  in  lli<'  UMial  way.     It  rbar-     ,  ^  »     t^ono  jum 

Cii'  I'Miveilwilh   tb«'  p  )v,d:Ti'd  ore.   it  .sboiiM  Ix.*  I  *■*  ■'*^' 

».  M.'fl       By   iht!*  i»roce>s.  alHuit  twmty  liuiulrnl- '      N<itk. — Considering  the  fact  that  this  process  is 

w -i/b:  of  pii'ldled  Inrs  ar^.-  ppMiueed  from  twenty-  [  likclu  to  come  into  use  soon  in  this  country,  these 

Q*if  aij:l  .1  h.df  hundreilweigiit  ni'  crude  pigiron  of-  old  pateuts  (this  is  the  first  record  on  the  subject), 

a«  gK»l  quality  a-N  would  Ih*  obtained  from  ordinary  I  arc  likely  to  be  interesting,  and  we  commend  their 

r-li'i  -l  iie.'lal.      If  reliiinl  nn't  d  or  "  jilate  "  be  ii^ed  ^  perusal  to  the  one  hundred  and  oue  geniuses  who 

in«iejd  of  crude  pig  iron,  to  a  charge  of  450  pounds  |  will  apply  for  rabble  moving  contrivances  as  soon 

about  twenty-flvu  pouwh  of  powdered  ore  should  |  as  the  thing  is  likely  to  be  in  demand. 
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THE  DRYING  OF  PAKT. 

a  paper  by  Charleo  Tomlindon,  F.  R-  S.,  read 
at  the  b^ociety  of  Arts. 

(Continued  from  pOj^e  2GI.) 

Every  one  kuows  what  is  expected  of  good 
paint.  In  the  firHt  place,  it  ^«hould  be  suffi- 
ciently Tujuid  to  spread  under  the  brush, 
and  sufficieutly  viscous  to  adhere  to  the  sur- 
face, even  though  it  be  vertical,  without 
running,  or  becoming  unequally  thick  in 
different  places.  In  the  second  place,  it 
should  become  solid  within  a  reasonable 
time  after  being  applied.  Thirdly,  the  solid 
should  adhere  strongly  to  the  surface. 

We  have  seen  that  lead  and  zinc  paints 
become  solid  by  the  absorption  of  atmo- 
spheric oxygen.  But  as  pure  linseed  oil 
also  becomes  solid  by  exposure  to  the  air, 
the  drying  of  the  paint  is  not  due  to  the 
presence  of  a  dryer,  or  of  the  oxide  of  lead 
or  of  zinc.  It  is  true  that  the  dryer  acts 
by  increasing  the  absorptive  power  of  the  oil 
for  oxygen  gas.  The  lead  and  zinc  oxides 
have  also  drying  properties,  and  we  must 
not  neglect  the  influence  of  the  surfaces  that 
are  to  be  painted.  Paint  dries  at  different 
rates  on  glass,  wood  and  metal  ;  it  dries 
better  on  some  k'nds  of  wood  or  of  metal 
than  on  others,  of  course  under  similar  con- 
ditions of  experiment. 

Drying  on  Glass. — Surfaces  of  glass 
were  coated  with  linseed  oil,  also  with  the 
oil  containing  a  little  white  antimony,  and 
with  the  same  compound  with  the  addition 
of  a  little  litharge.  The  linseed  dried 
quickly,  the  antimony  compound  not  so 
quickly,  while  in  the  third  compound  the 
presence  of  the  litharge  seemed  to  neutral- 
ize the  retarding  effect  of  the  antimony. 
The  following  table  shows  the  results : 


solid  oil  or  paint.     2.  That  the  antimoij 

oxide  is  antisiccative,  which  effect  is  eQ^ 

rectcd  by  the  litharge.     3.  That  in  the  leo- 

ond  coat  the  glass  seeuis  to  be  still  exerting 

a  retarding  action  on  the  oil,  but  this  is  not 

so  evident  in  the  antimony  jiaint.     4.  That 

the  influence  of  the  litharge  dryer  is  evidcit 

in  reducing  the  time  required  for  the  drjiag 

of  the  third  coat.     This  influence  seems  tt 

!  depend   not   only   on   the   presence  of  tW 

I  litharge  dryer  in  the  viscid   paint,  but  list 

I  on  its  presence  in  the  solid  surface  on  which 

the  fresh  paint  is  laid. 

Drying  on  Oak. — The  influence  of  tkt 
kind  of  surface  employed  on  the  drying  ef 
paint  is  well  shown  in  the  case  of  oak.  Oi 
oak  surfaces  siained  browu,  three  costs  ef 
linseed  oil  took  forty-six  days  to  dry,  oil 
with  a  litharge  dryer  seven  days,  oil  with  a 
manganese  dryer  still  less  time.  It  was  also 
found  that  linseed  oil  and  white  lead  aid 
linseed  oil  and  white  zinc  dried  more  quicklj 
with  a  manganese  dryer  than  with  a  litliar^ 
dryer.  On  a  surface  of  clean  oak  the  fini 
coat  of  oil  took  a  very  long  time  in  drying. 
On  the  twenty-second  day  it  was  soft  and 
pasty  beneath  the  surface ;  the  oil  had  sank 
into  the  pores  of  the  wood,  and  thus  pre- 
vent ed  it  from  absorbing  the  oxygen  re- 
quired for  its  solidification.  This  explsim 
why  oil  dries  more  quickly  on  a  painted 
wooden  surface  than  on  a  porous  one.  On 
a  porous  surface  the  dryers  seem  to  act  witk 
great  effect,  probably  from  covering  the 
wood  and  'preventing  the  oil  from  sinking 
into  the  porcH.  Their  influence  is  shown  ia 
the  following  table : 


^      I 


a 


c  2 

«  S 


«   M  >» 

COS 

12 


o  ®  a 

T9  t;  o  O 

•  5—  ® 

»  •*  C  .5 


I  Days. 

Fint  coat  dried  in...'  17 

Seeond  eoat  dried  in..!  17 

Third  eoat  dried  in... i  9 


Totol, 


}r^ 


Days. 

Days. 

26 

21 

8 

9 

9 

2 

43 


83 


It 


^K  appears  from  this  table  1.  That  a 
glass  surface  does  not  allow  the  paints  to 
solidify  so  readily  as  a  surface  formed  of  the 


•0 

*»  t  -: 

•  '9    *   9 

s 

its 

, 

•e  - 

T  » 

ed    oil 
to  line 

M 
■s-^ 

**  *S 

Sx'^ 

*  S      a 

.5^ 

B=  « 

.   o  S  t  ■ 

•J 

•J 

i  ^ 

Days. 

Days. 

■     Days. 

First  coat  dried  in. . . 

66 

6 

b 

Second  coat  dried  in . . 

6 

6 

1          3 

Third  coat  dried  in... 

6 

5 

3 

Total 

78 

16 

11 

t        '^' 

This  also  shows  that  a  surface  of  linseed  and! 
white  zinc  allows  the  paint  to  dry  much 
more  rapidly  than  a  surface  of  porous  wood 
docs.  A  similar  effect  is  produced  wLea 
the  paint  is  laid  on  an  old  surface  of  paint. 
The  paint  itself  also  becomes  more  siccatirt 


VAN  NOSTRAND'S  ENGINEERING  MAGAZINE. 


3G3 


■ider  the  influence  of  time  and  atmospheric 
aporare. 

U  appears  from  experiment  that  paint 
iries  more  quickly  on  poplar  than  on  oak, 
ud  more  quickly  on  pine  than  on  poplar. 
la  the  experiments  on  metallic  surfaces  the 
WMt  remarkable  results  were  obtained  on 
lead.  The  first  coat  of  linseed  oil  dried  very 
^ickly  on  this,  as  also  the  first  coats  of  lead 
pUDt  and  of  zinc  paint.  The  zinc  paint 
dried  first,  then  the  iHiseed  oil,  and  lastly 
the  lead  paint.  The  zino  paint,  however, 
leaded  to  retard  the  drying  of  the  subsc- 
qient  coat8.  A  newly  scraped  surface  of 
had  acted  more  energetically  than  one  that 
had  been  tarnished  by  exposure  to  the  air, 
bat  the  lead  covered  with  one  coat  lost  its 
mflacnee  in  hastening  the  drying  of  the  sub- 
sequent coats.  The  first  coat  of  oil  on  bright 
kaid  was  only  ten  hours  in  drying.  In  short, 
we  get  this  remarkable  result,  that  lead  is 
flceatiTe  with  reference  to  pure  linseed  oil, 
while  white  lead  itself,  a  siccative  body,  is 
ioti-siccativc  with  respect  to  linseed  on  me- 
tallic lead. 

Summary  of  Resultr. — The  influence 
of  various  metallic,  vitreous  and  wooden  sur- 
heeti  is  thus  summed  up  by  M.  Chevreul : 

First  Coat — On  Copper. — Oil  dried  more 
slowly  than  both  oil  and  white  lead,  and  oil 
and  white  zinc. 

On  Brass  Wirt  and  Zitic, — Oil  dried  as 
rapidly  as  oil  and  white  lead,  but  more  rap- 
idly than  oil  and  white  zinc  ;  but  on  the  brass 
wire  the  drying  was  more  rapid  than  on  zino. 

Off  Iron, — Same  results  as  on  zinc  ;  but 
oil  and  white  zinc  dried  more  quickl}'  on  iron 
than  on  zinc.  This  is  analogous  to  the  fact 
BOticed  with  lead.  The  oil  and  white  lead 
dried  more  slowly  on  lead  than  did  the  oil 
aad  white  zinc. 

On  Porcelain  and  Glass, — Oil  dried  a 
little  mort*  quickly  than  oil  and  white  zinc, 
aad  oil  and  white  lead  a  little  more  quickly 
still. 

On  Plaster, — The  oil  and  white  zinc  paint 
dried  in  about  equal  times. 

On  Poplar  and  Mountain  Ask. — Oil  dried 
more  slowly  than  oil  and  white  lead,  and  also 
than  oil  and  white  zinc. 

Three  Coatings — On  Copper,  Brass 
Wirt^  Zinr,  Iron,  Lead, — Oil  and  white  lead 
dried  more  quickly  than  oil  and  white  zinc. 
This  was  also  the  case  on  porcelain,  glass,  plas- 
ter, poplar,  and  mountain  ash.  In  the  case 
of  the  woods,  linseed  oil  was  found  to  dry 
more  quickly  on  ash  than  on  poplar,  and 
«ore  quickly  on  poplar  than  on  oak. 


Effect  of  Temperature. — Some  of 
these  surfaces  may,  however,  bo  regarded  as 
indifferent,  as  respects  their  influence  in 
quickening  or  retarding  the  dr}  ing  of  paint ; 
but  the  temperature  and  other  circumstances 
modify  any  general  conclusions  thiit  may  be 
drawn  on  the  subject.  Paint  dries  more 
quickly  at  from  77®  to  82®  Fah.,  than  from 
5i)°  to  64°  Fah.,  other  things  being  equal. 
This  explains  why,  in  practice,  the  pmpor- 
tion  of  dryer  varies  with  the  temperature. 
In  winter  it  is  customary  to  add  from  three 
to  nine,  and  even  ten  per  cent  of  dryer  to 
the  linseed ;  in  summer  not  more  than  half, 
one  and  a  half,  or  two  per  cent,  and  it  may 
even  be  left  out  altogether  in  the  last  coat. 

Effect  of  Dkykiih. — The  drying  prop- 
erty of  linseed  oil  is  nearly  always  increased 
by  the  addition  of  white  lead,  and  in  most 
cases  by  that  of  white  zinc.  If  the  compound 
be  not  suiliciently  siccative,  it  can  be  made 
so  by  the  addition  of  a  dryer,  whether  of 
litharge  or  of  manganese,  due  respect  being 
paid  to  the  varying  conditions  of  the  sur- 
face, number  of  the  coats,  whether  first, 
second  or  third,  temperature  of  the  air,  and 
the  amount  of  natural  light  present.  But 
the  influence  of  the  lead  or  manganese  dryer, 
as  will  be  gathered  from  the  foregoing  de- 
tails, is  not  so  important  as  is  generally 
imagined.  It  cun  be  dispensed  with  in  the 
second  and  third  coats,  and  even  in  the  first 
if  the  temperature  of  the  air  be  favorable. 
Linseed  oil  by  exposure  to  light  and  air 
loses  its  yellow  color  and  becomes  siccative, 
so  that  it  can  be  employed  alone  with  white 
lead  or  white  zinc  without  detriment  to  their 
purity.  If  white  zinc  be  associated  with  the 
sub-carbonate  of  zino,  the  dryer  may  be  dis- 
pensed with  altogether. 

Lustre  of  Paint. — Paint  owes  its  lustre 
and  smoothness  to  the  oil  alone.  If  oleic 
acid  were  mixed  with  metallic  oxides  in  sueh 
proportions  as  to  form  solid  chemical  com- 
pounds, and  the  acid  were  to  pass  quickly 
from  the  li<|uid  to  the  solid  state,  the  result 
would  not  be  a  smooth,  uniform  oleatc  ;  but 
when  the  drying  oil  passes  slowly  into  the 
solid  state,  in  conse(|uenee  of  the  gra'lual 
absorption  of  oxygen,  and  the  changes  point- 
ed out  by  Mulder,  the  very  slowness  of  the 
process  allows  the  oily  molecules  to  arrange 
themselves  into  a  symmetrical  compound, 
which  would  be  transparent  were  it  not  for 
the  opaque  particles  of  the  white  lead  im- 
prisoned in  the  compound.  If  these  opaque 
particles  are  not  in  excess,  (he  molecular 
arrangement  is  such  that  the  paint  dries  into 
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a  surface  that  is  lustrouSf  and  even  brilliant,  j  such  as  sand.  Linseed  oil  mixed  with  vhitf 
in  consequence  of  the  niirror-like  reflection  -  lead  dries  more  quickly  than  the  oil  ilone, 
of  the  solidilied  oil.  I  so  that  white  lead   is  a  dryer  or  NccaliTC. 

Kffect  of  Tukpentine. — This  sub- 1  Oil  mixed  with  sulphate  of  lead  dries  voy 
stance  is  added  l)y  painters,  in  order  to  ■  slowly;  but  a  mixture  of  oil,  8ul|ihile  df 
diminish  the  viscosity  of  the  paint,  and  to  |  lead  and  white  lead,  dries  as  quickly  aaaQ 
allow  it  to  pprt^ad  more  easily  under  the :  mixed  with  wltite  lead  only,  llence  tka 
brush.  If  the  surface  is  to  be  polished,  a  presence  of  white  lead  confers  extra  dryinff 
large  proportion  of  turpentine  is  used  ;  if  it '  power  on  sulphate  of  lead.  Carbonate  i 
is  to   be  varnished,   as  much  turpentine  is  zinc  acts  as  a  dryer,  when  added  to  oil* 

white  zinc;  and  the  mixture  dri«»  mon 
quickly  than  oil  mixed  with  white  zinc  only. 
Oil  mixed  with  zinc  carbonate  sets  mon 
rapidly  than  with  zinc  white ;  but  it  fomuft 
semi-transparent,  not  an  opaque  paint.  Al 
zinc  carbonate  renders  oil  and  white  line 
more  siccative,  it  miglit  be  substituted  for 
the  manganese  dryer,  which  ban  the  diad- 


added  as  will  render  the  •paint  very  fluid, 
but  not  too  fluid  to  work  with ;  if  the  paint 
is  to  be  very  durable,  and  it  is  to  be  neither 
polished  nor  varnished,  only  a  small  propor- 
tion of  turpentine  is  to  be  added.  As  tur- 
])intinc  dries  to  a  great  extent  by  evapora- 
tion, one  of  its  chief  uses  is  to  hasten  the 
drying  of  paint.     Thus,  three  layers  of  lin-^ 

seed  oil  on  glass  dried  in  twenty-five  days ; '  vantage  of  imparting  color  to  zinc  white. 
bu«.  when  about  thirty  per  cent  of  turpentine  Two  paints  were  prepared,  one  coD5i!»tiiig  of 
was  added  to  the  oil,  the  mixture  dried  in-  lOO  lb.  of  linseed  oil,  75  lb.  of  zinc  white, 
twenty  days.  This  drying  efiect  is  promoted  and  :^5  lb.  of  zinc  carbonate  ;  the  other  U 
by  a  previous  exposure  of  the  turpentine  to ,  98  lb.  of  the  oil,  2  lb.  of  the  mangancee 
the  air.  When  both  oil  and  turpentine  have  dryer,  and  lOO  lb.  of  white  zinc.  Witkeaek 
been  previously  exposed,  the  drying  takes  of  these  paints  a  door  was  painted.  Four 
place  still  more  quickly.  Exposure  to  air ,  hours  after  they  had  been  applied  both 
lias  a  similar  influence  on  the  other  ingredi-  paints  appeared  to  be  e(|ually  set ;  but  the 
ents  of  paint,  even  on  the  white  zinc.  >  surface  coated  with  the  first  paint  was  whiter 

Other  Dkveus. — This  exjmsure  in  the   than  that  coated  by  the  second;  the  whiter 
case  of  turpentine  favors    the  combination  '  paint  was,  however,  the  less  adherent. 

with  atmospheric  oxygen  and  the  consequent  I 

resinitieation  of  the  liquid.    Exposure  in  the  \ 

case  of  a  porous   body  like  white  zinc  may  |  ECONOMICAL  RAILWAYS. 

also  lead  to  the  idivsical  absorption  of  oxy- ; 

gen,  an,l  thus  hapten  the  drying.  If  this^^'^R'^^^  FEATrRES-THK  sabbow 
f.hysical  cflec-t  were  really  obtained  in  the  "AioE  -  improved  locomotives- 
<-ase  of  white  zinc  and  white  lead,  Chcvreul  |  ^^'»''';  •'■^''*="  TBAIXS. 
thought  it  likely  that  the  presence  of  other '  The  interest  of  the  profession  and  the 
solid  bodies  in  the  paint  might  have  a  simi- 1  public,  in  this  subject,  is  on  the  increase, 
l:ir  efl'eet.  l^it  before  putting  them  into  the  j  especially  in  England.  Although  at  the 
])aint,  their  influence  as  surfaces  was  tested. ,  first  glance  (he  idea  of  light,  cheap  railways, 
When  linseed  oil  was  laid  on  white  lead,  |  seems  an  approach  to  the  American  system, 
three  coats  drie<l  in  seven  dnys;  but  on  sul- ;  yet  upon  investigation  it  will  appear  that 
]>hate  of  zine  they  occupied  eigliteen  days  in  ■  only  one  or  two  features  of  construction  and 
drying,  twelve  being  re<[uired  for  the  first  I  working,  that  are  distinctively  American,  arc 
coat  and  two  for  the  second;  white  lead  is !  advocated  for  the  guidance  of  English  con* 
tliercfore  more  siccative  than  the  zinco-sul-  structors  and  managers.  Let  it  be  always 
]»hatc.  In  both  eases  the  first  coat  acted  as  and  distinctly  understood  that  the  •*  Light 
a  dryer  to  the  second.  When  a  mixture  of  Kailway  "  movement  in  England  is  not  an 
f^ulphate  of  lead  and  white  lead  was  used  as '  indorsement,  in  any  degree,  of  ihi}  Auiori- 
the  surface,  the  oil  dried  almost  as  ([uiekly '  can  counting-room  system  of  bad  railways — 
as  on  white  lead  alone.  It  has  already  been  !  poor  iron,  cheap  machinery  and  rough  roads, 
shown  that  the  addition  of  the  litharge  and ,  On  the  contrary,  the  improvement  of  loco- 
manganese  dryers  made  the  linseed  oil  dry  i  motives,  running  gear  and  permanent  way, 
more  quickly  ;  that  is,  it  became  more  capa- .  are  among  the  chief  features  of  the  proposed 
bio  of  absorbing  oxygen  from  the  air.     It  is   reform. 


remarkable   that   this    absorjitive   power  is 
increased   by  the  addition  of  solid  bodies. 


The  features  that  might  be  called  Ameri- 
can, as  proposed  for  new  British  railways, 
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•specially  in  the  rural  and  mininpr  districts, ;  the  Prussian  railway  system,  which  is  work- 
mre,  firvt,  following  the  surface  of  the  ground  od   with   fewer  accidciits  than  almost  any 
— goin^  over  and  around  hills  rather  than  !  other  in  the  worl.l.     The  j<inglc  line  systt^m 
ibroagh  them — up  to  certain  limits  of  cur-   in  the  United  States,  when  worked  hy  telc- 
Tmture  and  gradient,  say  one  in  40  and  five  |  graph,  has  not  proved  un^fafo  ;  the  greater 
chmin   curves ;  second,  the  use  of  a  single ;  number  of  *'  accidents"  on   these  roads  re- 
track   worked   by  telegraph;   third,   filling!  suiting  from  bad  construction  and  attendance. 
tke  trains  with  paying  load.     In  these  re- j      The  narrow  gauge  is  advocated  by  various 
spects  even  we  might  improve.     But  in  the  !  authorities,  among  others,    Mr.    Huleie,*  as 
Other  proposed  economies  we  need  as  much  j  follows  :     There  are  strong  reascms  for  pre- 
instniction  and  reform  as  the  English,  viBijferring   the  8^ft.  to  the  4ft.  S.J  in.    system 
in  the  narrow  gauge  for  branch  lines  of  light  for  local  railways.     The    rails  of  the  fV)rmer 
traffic,  and  e^tpecially  for  under-ground  city  do  not  exceed  401b.  to  the  yard ;  tunnels 
lines,  where  ever}'  additional  foot  of  surface  and  bridges  of  a  height  not  exceeding  10  J  ft. 
bonght,  and  cutting  made,  tells  largely  on   may  bo  employed  ;  open  cuttings  of  much 
the  cost ;  and  in  a  better  system  of  running  smaller  dimensions  ;  and  curves  may  be  used 
gear   for   all   lines ;  in   articulated   rolling  of  a  radius  of  only  two  chains,  the  locomo- 
Btock,  and  in  the  utilization  of  weight  for  j  tive  engines  need  not  exceed  15  tons  weight ; 
■dhesion.  j  carriages  5  tons  weight ;  and  on  no  driving 

In  a  former  article*  we  considered  the  j  wheel  would  there  be  more  thtin  three  tons. 
ezcessire  and  unnecessary  cost  of  English  \  Whereas  on  the  4ft.  S.Jin,  system  the  rails 
Une» — a  cost  made  up  of  parliamentary  ex- 1  are  80lb.  to  the  yard  ;  tunnels  and  bridges 
penses,  land  damaircs,  and  heavy  earthworks  :^4ft.  wide,  l()ft.  high  ;  open  cuttings  in  pro- 
and  engineering  structures,  to  secure  straight,  I  portion  ;  curves  not  less  than  eight  chains 
lerel  roads.  Wc  now  propose  to  consider  1  radius  ;  locomotive  engines,  80  tons  weight ; 
■ome  other  features  in  the  proposed  reform,  |  carriages,  8  tons  ;  minimum  load  upon  each 
eonpiling  from  the  standard  authorities  be- 1  driving  wheel,  G  tons.  The  short  curves 
fore  quoted  :  First,  the  use  of  single  lines. 1 1  admissible  on  the  narrow  guage  avoid  to  a 
These,  if  worked  by  telegraph  uprm  the  j  great  extent  the  destruction  of  propert}-. 
Mock  pystom  would  be  equally  safe,  and ,-  villa  residences,  etc.  ;  that  is  in  passing  ]»y, 
in  all  respects  as  sufficient  as  double  lines,  instead  of  through  them.  The  minimum 
It  would  be  an  active  traffic  that  rcfjuired  radius  of  the  curves  and  minimum  height  of 
twenty-four  long  and  well  tilled  trains  each  ]  headway  admissible  in  each  system  are  the 
way  daily,  yet  this  is  but  one  an  hour  in  most  important  features  to  be  considered  in 
each  direction,  so  that  the  rails  of  every '  deciding  upon  the  best  system  of  railways 
mile  of  a  double  line  would  be  unused  for '  for  towns  which  have  canals,  rivers,  existing 
ahout  twenty-three  hours  of  the  twenty-four. '  railways,  a  labyrinth  of  sewers,  gas  and 
A  proper  adjusTtment  of  trains,  proper  care,  water  pipits  ramifying  throughout.  Another 
and  the  indispensable  aid  of  the  telegraph,  <  important  feature  to  be  considered,  of  course, 
render  a  single  line  as  safe  as  a  doul)le  line, ;  is  the  (juostion  of  cost.  The  S.^ft.  system, 
it  heing  understood  that  the  trains  are  not  it  is  estimated,  will  costless  than  two-thirds 
M  numerous  as  to  exceed  say  two  ea<?h  way « as  much  as  the  4ft.  SJ  in.  system,  and  may 
in  the  hour.  The  extra  cost  of  a  second  1  be  worked  at  a  correspondingly  small  ex- 
line  of  way,  including  extra  witith  of  cut-  pense. 

tings,  embankments,  viaducts  and  tunnels, !  It  may  bo  asked  why  not  adopt  a  3ft.  or 
cost  of  land  and  cost  of  permanent  way,  even  narrower  system.  The  answer  is  that 
cannot  l»e  taken  as  much  less  on  the  average  ,  the  JJJf^.  system  is  already  largely  adopted 
of  English  lines  than  ^5,000  per  mile,  uptm  in  Queensland,  ()oyh»n,  X<»rway,  Belgium, 
which  the  interest  charge  at  five  per  cent  is  ]  and  other  ])lacos,  autl  with  complete  success. 
more  than  Is.  per  train  mile  for  eight  trains  In  designing  the  carriages  for  the  loc^al  line, 
eafh  way  daily,  these  trains  ea*iily  aecom-ithe  3.^fl.  gauge  is  found  to  give  ample  ac- 
mo'lating  a  daily  traffic  each  way  of  1,000  commodation.  The  carriage  which  promises 
passengers  and  from  .")00  to  1,000  tons  <»f  to  be  motit  suitable  is  what  may  be  termijd 
goodii.     Kingle  lines  form  the   majority   of  of  the  omnibus  type,  with  seats  arranged  on 

-;  each  side  and   a  U>ngitudinal  passage ,  say 

•  Van  Nostrsnil'i  Magmine,  Vol.  I,  No.  H,  p.  243.  !  _       .      _  _    ._     _ 

t  Ste  al«o  »  li<*C  in  th«  <*  Railway  Xotvst,*'  on  afoU  | 
low-.Dg  pAKc,  of  particularg  and  results  of  uurruw       'AiMre^n  of  Mr.  W.  \\\  Ilulso,  Pretiliknt^  befoT* 
gauge  liocf .  |  the  Manchester  Institution  of  Engineers. 
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30in.  to  3Giii.  wide  down  the  middle,  with 
doors  opening  inward  at  the  ends.  The 
leading  dimensions  are  20ft.  long,  Gft  wide, 
and  G.^ft.  high  inside.  Carriages  of  this 
size  would  acotmiodate  24  passengers,  twelve 
on  a  side,  and  give  over  30  cubic  feet  of  space 
to  each.  It  might  indeed  be  found  desirable 
to  adopt  even  a  2ft.  gauge  in  some  districts 
for  cheapness,  as  has  been  done  in  North 
Wales,  where  the  Fc&tiniog  Kailway  has  a 
gauge  of  23iu.,  locomotive  engines  under  8 
tons  weight,  and  over  this  railway  of  thirteen 
miles  in  length,  were  carried  in  1805,  2,500 
passengers,  1 1,000  tons  of  general  merchan- 
dise, and  90,000  tons  of  minerals,  yielding 
a  profit,  it  has  been  stated,  on  the  capital 
outlay  of  20  per  cent. 

Another  authority  says  on  this  subject : 
As  a  rule,  we  are  not  favorable  to  the  adop- 
tion of  narrow,  or  more  properly,  small 
gauge  railways;  they  appear,  as  it  were,  to 
constitute  a  bar  to  the  future  development 
and  extension  of  commerce  and  traffic.  We 
would  greatly  prefer  to  witness  a  large  and 
important  undertaking,  designed  and  exe- 
cuted upon  a  scale  somewhat  exceeding  the 
proportions  actually  necessary,  than  to  wit- 
ness it  carried  out  in  a  manner  that  barely 
sufficed  to  meet  the  exigencies  of  the  mo- 
ment. There  is  a  medium  between  building 
for  posterity — between  concerning  ourselves 
about  the  probable  state  of  our  coal  fields 
after  the  lapse  of  half  a  dozen  centuries — 
and  constructing  works  so  that  they  should 
be,  in  the  main,  capable  of  answering  their 
intended  purpose  for  the  next  fifty  years. 
To  each  genera titm  belongs  its  own  duty  of 
construction,  reconstruction,  demolition  and 
alteration,  and  it  is  unjustifiable  to  incur  a 
heavy  extra  expense  in  order  that  *'  a  thing 
may  last  for  ever."  Are  we,  then,  awaking 
to  the  conviction  that  we  have  spent  millions 
upon  railways  in  endowing  them  with  prop- 
erties that  are  self-destructive  ?  One  of  the 
reasons  influencing  Brunei  in  his  recommen- 
dation of  the  seven  feet  gauge  was,  that  by 
thus  enlarging  the  base  of  the  rollin.^  stock, 
increased  stability  would  be  obtained,  and  a 
speed  ensured  higher  than  that  which  would 
be  compatible  with  safety  upon  a  narrower 
track.  Time  has  shown  this  reasoning  to 
be  fallacious;  the  trains  upon  the  (ireat 
Western  do  not  run  faster,  or,  practically, 
with  greater  security  than  those  upon  other 
lines.  Similarly,  by  its  own  supporters,  the 
4  ft.  8^  in.  gauge  was  considered  the  nar- 
foweafe  that  could  be  employed  with  safety, 
iDg'in  mind  the  great  velocity  that  was 


expected  would  be  ultiniatoly  attained  ipoi 
it.  It  is  needless  to  mention  that  the  ve- 
locity anticipated  never  has  been  attained  oa 
either  of  the  gauges.  Both  Stephenson  and 
Brunei,  it  is  well  known,  contemplated  tke 
probability  of  running  trains  at  a  speed  of » 
hundred  miles  per  hour,  whereas  the  avenge 
maximum  reached  is  barely  half  this  amount, 
and  the  minimum  is  something  less  tka 
what  was  the  usual  pace  of  the  old  "lait 
coach."  It  must  not  be  understood  thatwt 
consider  this  conclusion  (favoring  a  narrower 
gauge)  to  apply  to  all  our  railways.  A  Use 
similar  in  extent  and  importance  to  the  Loa* 
don  and*  North- Western,  constructed  apoD  % 
gauge  of  three  feet  or  three  feet  and  a  halt 
would  be  a  miserable  failure,  but  a  douUe 
line  upon  a  similar  width  of  track,  to  con- 
vey the  coal  traffic  from  Newcastle  to  Lon* 
don,  might  not  only  present  a  different  ap- 
pearance, but  prove  a  very  remuncratire 
speculation. 

We  have  too  long  adhered  to  a  false  fji- 
tern    of    locomotive    construetiou.      While 
greatly  overloading  the   driving  wheels  of 
our  engines,  we  throw  away  from  oue-hilf 
to  two-thirds  of  the  total  adhesion  weight. 
We    also   make   needlessly     large   driving 
wheels,  often  employing  6.^ft.  to  7^ft.  where 
5ft.  to  Gft.  would  answer  the  fair  require- 
ments   of  traffic,    and     permit  of    smaller 
cylinder  and  less  weight  of  working  machine* 
ry.     We  can  see  no  solution  of  the  problem 
of  economical    locomotives  except    in  the 
double  bogie  system.     In  these  almost  any 
length  of  total  wheel  base  may  be  had  without 
straining  the    way    or    inducing  excessive 
friction ;    the  weight    is    equaiizcd   on  all 
the  wheels  and  the  weight  per    wheel   kept 
down    to   4  or   5   tons,    instead    of,  a:^  is 
now  often  the  case,  7  or  even  8  tons.     Fair- 
lie  ^s  engines  are   also  rid  of  the  burden  of 
the  lumbering  tender,  a  great  12  or  14  ton 
monstrosity,  with  the  additional   weight  of, 
say,  a  ton  of  coal,  and  from  5  to  10  tons  of 
water,  water  which  should  be  "picked  up," 
in  quantities  of  one  or  two  tons   only  at  a 
time,  as  wanted,    from    Mr.   Ranisbottom's 
troughs.     A  double  bogie  tank  engine  hav- 
ing eight  5ft.  wheels,  and  weighing  but  36 
tons,  the  wheels  driven  by  two  pairs  of  14  in. 
cylinders,  with  a  stroke  of  2ft.,  would,  with 
a  very  moderate  steam  pressure,  pull  a  train  of 
a  gross  weight  of  300  tons  up  a  two  mile 
incline  of  1  in  60.  at  the  mie  of  20  miles 
an  hour,  a  work  corresponding  to  nearly  8(i0 
horse  power,  during  the  six  minutes  of  the 
ruu,  iu  thus  surmounting  an  elevation  of 
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■K>re  than  175ft.  Suoh  engines,  without 
•xcesnive  total  weight,  would  have  a  jMwcr 
•nfficieat  to  deal  easily  with  trains  of  much 
greater  weight  than  the  present,  upon  gra- 
dients and  through  curves  seldom  met  with 
on  our  owu  old,  costly,  *' first-class"  lines. 

A  farther  economy  should  consist  in  run- 
tting   fewer,  slower,  and  better  filled  trains, 
ftkuii  dividing  the  expenses  per  train  among  a 
veater  number  of  passengers  or  tons  of  goods 
IB  that  train.  It  was  not  long  since  stated  that 
the  London  &  North- Western,  Great  North- 
em,  Great  Western,  and  3Iidland  liailways 
together  run  fifty-two  passenger  trains  daily 
between  London  and  Manchester !     So  far 
aft  through  traffic  is  concerned,  three  or  four ! 
each  way  daily  should  servo  every  reasona- 
ble   requirement.      Railway  promoters  and 
cnginecRi  must  yet  awake  to  the  fact  that  j 
the  iQOstt  profitable  and  useful  railways   are  ' 
those  made  and  worked  for  the  great  paying 
kwcr  class,  as  distinguished   from  the  far 
less  numerous  and  far  more  fastidious  upper 
dass.      The  former  do  not  require  either, 
fery  fast  or  very  frequent  trains.     An  ex- 
oorsion    train   shows   with   what   they   are 
villiug  to  put  up.     And  a  thousand  passeu- ' 
^rs  iu  a  train,   paying  each  a  farthing  a 
■lie,   £1-0-10    per   train    mile,    is    about' 
the  moitt  profitable  load  an  engine  can  draw, ! 
inless  it  be  a  bullion  train,  paying,  it  may 
be,  £4  or  even  £0  per  mile,  as  has  been  the 
tMire  (in  the  South-Eastern  line. 

In  casies,  however,  where  there  is  a  large 
and  constant  stream  of  pas-songers,  railwciy 
earriapfe  can  be  cheapened  enormously,  with  : 
abundant  remuneratiiHi  to  the  carrier.  Wo 
can  best  illustrate  this  by  contrasting  the 
fare.9  on  the  Metropolitan  Railway  with 
th«>se  which  are  charged  and  found  quite . 
sn remunerative  u|>on  country  brunch  lines. 
From  Notting-hill  to  Moorgato-streot  and 
back,  a  distance  of  twelve  miles,  first-chiss 
pa^Mfn^sers  are  carried  for  Is. ;  second,  Od.  ; 
third,  tid.  ;  being  at  the  rates  of  Id.,  and 
]d.,  and  ^d.  respectively  |)er  mile  ;  yet  that 
line  crje«t  an  average  of  over  £o00,000a  mile 
to  cunstruet.  But  on  a  branch  country  line, 
the  rates  may  be  ^M.,  2d.,  and  Id.,  a  mile, 
and  the  oust  of  the  line  only  £1 0,000  per  mile, 
jet  no  remuneration  will  1)0   obtained.  \ 

Land  damages  are  often  a  most  uii- 
jost  tax  upon  railways  and  the  publio.  It 
■h«mld  require  no  parliamentary  contest 
to  make  a  railway  more  than  to  make  a  j 
highway  or  to  open  a  street.  And  so  far  from 
landowners  being  ^^compensated*'  atextrava- . 
pat  ratc;$,  the  benefits,  geaerally  very  great,  j 


which  railways  confer  upon  their  property 
i  should  be  considered  and  taken  into  account. 
I  The  eight  acres  of  land  taken  for  a  mile  of 
railway  may  be  worth  far  less,  valuable 
i  though  it  be,  than  the  benefit  which  the  rail- 
way itself  confers  upon  the  adjacent  hundreds 
of  acres.  The  question  arises,  are  new  cheap 
lines  required  on  routes  where  the  present 
j  costly  lines  exist.  The  older  lines  were  con- 
structed at  immense  cost  for  a  speed  for  which 
a  great  majority  of  the  public  are  unwilling, 
if  not  unable,  to  pay.  And  it  does  not  an- 
swer the  question  nor  the  purpose  to  say 
that  they  can  have  as  slow  a  speed  as  they 
choose  on  the  existing  lines.  So  they  might ; 
but,  unless  the  great  capital  charge  upon 
these  lines  is  in  part  sacrificed,  the  slow 
speed  will  not  after  all  be  a  cheap  speed  to 
the  passengers.  Unless  the  companies  are 
prepared  to  do  this — and  it  is  certain  that 
they  are  not — the  public  have  a  good  right 
to  call  out  for  free  trade  in  railways.  Even 
a  war  between  competing  companies  would 
be  for  the  time  to  the  public  benefit,  and  it 
is  certain  that  the  company  having  the 
smaller  capital  burden  would  have  the  ad- 
vantage iu  any  contest.  Its  line  may  have 
steeper  gradients  and  sharper  curves,  in- 
volving a  somewhat  greater  charge  for  loco- 
motive power  and  maintenance  of  way  ;  but 
there  would  not  be  the  long  tunnels,  the 
lofty  viaducts,  the  grand  metropolitan  ap- 
proaches, and  the  magnificent  termini  to  pay 
interest  upon. 

In  conclusion,  it  is  tolerably  certain  that, 
with  the  cheaper  lines  and  more  economical 
mode  of  working,  taken  together,  nearly  one 
half  of  the  present  rates  of  fare  might  bo 
saved.  Such  economy  is  not  without  pre- 
cedent. English  **  railway  men"  are  morti- 
fied to  read  iu  our  Continental  Hradshaw  as 
follows  :  **  The  railway  system  (of  Bel- 
gium) w}is  adopted  as  early  as  lS!i3,  and  at 
the  present  moment  no  country  in  Europe 
is  bettor  provided  with  railway  accomniodA- 
tion  than  this  industrious  and  prosperous 
land.  There  is  not  one  town  or  village  of 
any  importan(*e  without  its  rnilway  com- 
munication. The  fares  are  lower  than  in 
any  other  country  ;  for  hmg  distances  not 
exceeding  .^d.  a  mile  first  class,  l^i\,  second 
(dass,  and  |d.  third  class — one-(ii'th  of  the 
rate  charged  in  England/*  Yet  the  Belgian 
lines  are  profitable  to  the  state,  and  that  too, 
nothwithstanding  that  all  the  elements  of 
necessary  cost,  whether  of  construction  or 
working,  are  as  great  as  in  England,  except* 
iu«r  only    the  cost  of  labor,  aud  the  sularien 


3C8 


VAN  NOSTRAND'S  ENGINEERING  MAGAZINE. 


of  officials.  There  is  no  diffurencc,  in  prin- 
ciple, between  the  English  and  lielgian  sys- 
tems of  railway  construction,  nor  in  the 
rolling  stock  employed. 


DIRECT  ACTING  STEAM  PILE  DRIVER. 

SYSTEM    PATENTED     BY    M.     J.     CHRETIEN, 

PARIS. 

Translated  from  <*Lo  Genie  Industriel." 

In  order  that  pile  driving  may  be  cflfectcd 
rapidly  and  economically,  certain  conditions 
must  be  satisfied,  the  chief  of  which  we  will 
indicate.  Of  the  first  importance  U  the  ra- 
pidity of  the  blows  ;  next  to  that  is  the 
weight  of  the  ram,  and  lastly  the  height  of 
the  descent.  At  first,  it  might  seem  that 
with  a  given  fall  and  weight  of  ram,  the 
number  of  blows  would  be  the  same,  whether 
struck  at  long  or  at  short  intervals.  Prac- 
tice, however,  shows  the  reverse  of  this  to 
be  true,  and  it  is  not  difficult  to  account  for 
tlie  difl*erence  in  the  two  cases.  For  exam- 
ple, it  might  be  necessary  under  certain  cir- 
cumstances, to  give  loo  blows  at  the  rate  of 
four  or  five  per  minute,  in  order  to  sink  a 
pile  to  a  given  depth,  while  it  is  well  known 
that  at  the  rate  of  fifteen  or  twenty  blows 
per  minute  the  amount  of  drift  would  be 
considerably  greater  ;  in  other  words,  fewer 
blows  would  be  required  to  produce  the 
same  result.  The  difference  is  such  that  in 
certain  soils  the  results  might  vary  in  the 
ratio  of  one  to  two.  It  is  easy  to  see  that 
if  a  pile,  which  has  received  a  series  of  blows, 
is  allowed  to  remain  undisturbed  for  a  suffi- 
cient length  of  time — or  possibly  only  a  few 
minutes — the  earth  which  has  been  forced 
aside  by  the  entrance  of  the  wood  settles 
back  around  it,  and  ultimately  sets.  The 
result  of  this  adhesion  is  an  increased  resis- 
tance to  driving.  Hut  if  the  blows  are  re- 
peated very  rapidly,  the  earth,  which  is  more 
and  more  thoroughly  displaced  by  each  suc- 
cessive stroke,  has  not  time  to  settle  back  or 
to  adhere.  The  pile  is,  as  it  were,  sunk  into 
a  hole  in  the  ground,  and  the  work  is  but 
little  more  than  that  re^juisite  to  drive  the 
point.  These  effects  are  most  decided  in 
soft  ground,  in  sand,  and  in  works  underwa- 
ter. Heretofore,  in  proscribing  the  weight 
of  the  ram  and  the  number  of  blows,  engi- 
neers have  merely  indicated  the  point  at 
which  the  pile  refuses  to  sink  lower  ;  but  in 
view  of  what  has  been  said  we  think  they 
should  no  longer  neglect  the  time  during 
which  the  blows  should  be  ^^ivou. 


The  weight  of  the  ram  is  of  con:<.idenUt 
consequence,  but  its  importance  should  not 
be  exaggerated,  especially  when  it  ih  {•osii* 
ble  to  regulate  the  fall  and  velocity.  A 
heavy  ram,  falling  from  a  great  height,  ^res 
a  powerful  shock,  but  beyond  ccrtmiu  limitt 
the  effect  produced  ceases  to  be  proportioul 
to  the  weight,  and  besides,  there  i»  the  dif 
advantage  of  exposing  the  pile  to  8pliDtv^ 
ing,  which  should  by  ail  means  be  avoided. 
Any  weight  in  excess  of  1,000  kil.  b  inja* 
rious  rather  than  useful,  and  in  general  it  ii 
not  advisable  to  exceed  800  kil. 

The  height  of  the  fall  is  the  most  variip 
ble  element,  and  the  best  driver  is  the  OM 
which  will  strike  both  light  and  heavy  blon 
with  rapidity.  There  is  no  minimum,  sines 
in  some  cases  it  is  necessary  to  begin  bf 
striking  as  lightly  as  possible;  but  there  if 
a  maximum,  for  no  part  of  the  force  of  tkt 
blow  should  be  expended  in  splintering  or 
even  in  sensibly  altering  the  woo<l.  A  de- 
scent of  five  meters  is  the  greatest  which  it 
is  w«dl  to  employ  when  the  blows  can  be 
struck  rapidly  enough. 

The  pile  driver  invented  by  M.  Chretiei 
completely  satisfies  the  conditions  ju^t  laid 
down.     It  is  constructed  upon  the  general 
plan  which  that  engineer  has  already  applied 
to  direct  acting  cranes  and  lifts.    -Its  du- 
plicity is  such  that  all  deterioration  is  well 
nigh  impossible,  and  its  maintenance  is  meal 
economical.     By  comparing  it  with  the  di- 
rect acting  steam-crane  just  mentioned,  or 
with  the  steam-hammer,  it  will  be  seen  that 
it  is  practicable  to  strike  very  light  bb»w*, 
and  also  to  strike  rapid  ones  up  to  a  bb'W 
per  second.       The    rapidity   of    mo' euwnt 
should  be  limited  only  by  the  boiler  ]'0wcr, 
which  should  be  proportioned   to  the  w«»rk 
which  it  is  desirable  to  accomplish  in  a  given 
time. 

[The  most  important  peculiarities  of  this 
machine  are,  first,  the  peculiar  method  of 
applying  the  power  to  the  weight.  The 
chain  passes  from  the  ram  over  a  grooved 
roller  at  the  top  of  the  guides;  thence 
downwards  around  a  second  groove>l  roller, 
situated  in  a  frame  attached  to  the  end  of 
the  piston-rod  ;  thence  upwards  airain  over 
two  more  rollers  at  the  top  of  the  guiile- 
frame,  and  finally  is  made  fast  around  a 
windlass  within  reach  of  the  engineer. 
Second,  the  *  steam  cylinder  is  of  great 
length — equal,  in  fact,  to  one-half  the  «»x* 
!  trome  rise  of  the  ram — and  works  nearly 
'  vertically.  The  mechanical  principle  involv- 
ed in  raising  the  weight  is  that  of  the  pul- 
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J  in  its  simplest  form ;  the  power  being 
>plied  between  the  two  ends  of  the  chain, 
id  the  weight  being  at  one  end.  Hence 
le  ri>e  of  the  weight  will  be  twice  the 
■oant  of  movement  of  the  piston.] 

The  workman  who  manages  the  driver  has 
ily  to  move  a  single  lever,  and  each  movc- 
ent  of  the  hand  corresponds  to  a  blow. — 
s  l»At  as  the  pile  sinks  he  unwinds  the 
lain  from  the  windlass,  thus  regulating  the 
11  by  the  depth  to  which  the  pile  has  been 
nren.  At  the  same  instant  he  lowers  at 
easnre  the  wedges  which  limit  the  rise  of 
te  ram,  and  all  without  loss  of  time. 

There  are  two  ways  of  driving  with  this 
aehine — first,  by  not  loosening  the  ram 
cm  the  hook,  in  which  case  the  block  de- 
ends  with  the  grapnel  and  chain,  and 
rikes  lightly  and  rapidly  ;  second,  by  long 
Mcents,  in  which  case  the  ram,  arriving  at 
le  top  of  the  slides,  drtaches  itself,  falls, 
id  w  raised  as  soon  as  the  grapnel  takes  a 
iw  hold. 

Finally,  the  same  maneuver  serves  for 
itting  the  pile  in  position  (a  la  miseenfiche). 
nwinding  the  chain  from  the  windlass  and 
iBlciiing  the  grapnel  directly  to  the  pile, 
le  mechanic  draws  it  in  by  a  few  strokes  of 
le  piston  and  by  reversing  the  windlass. 

It  waff  at  the  works  undertaken  by  the 
ity  of  Paris  near  the  Pont  de  TAliiia  that 
lis  pile  driver  was  first  tried.  Its  success 
a«  been  so  satisfactory  that  the  engineers 
nd  contractors  who  have  observed  its  wurk- 
Dgs  have  ordered  them. 


MODERN  ENGINEERISG. 

It  would  be  difficult  to  condense  Mr* 
[cAlpine*s  excellent  paper  on  this  subjccti 
ktely  reatl  lieforo  the  American  Institute* 
he  following  points,  however,  are  of  pecu- 
ar  inU^rcHt : 

Sinre  1X20,  the  locomotive  has  increased 
■om  four  to   40  tuns  in  weight,  and  from 
nrtei'U  to  00  miles  per  hour  in  speed.  Then 
tides  of  50  feet  per  mile  were   the  niaxi- 
lOm.  nnw  tho.'>c  of  440  feet  at  Mont  Cenis 
id  52S  on  the  Baltimore  and  Ohio,  have 
isen  n**fd.     Fprty  years  ago  Horatio  Allen 
&d  to  iJKiunt  the  fuot-board  of  our  first  loco- ! 
otive  him-ieljf,  now  ir),000  are  daily  whir- 1 
Dg  ovur  40,0<I0  miles  of  railways   in  this  I 
»unt ry  alone.*     The  Erie  Canal,  orijrmally  ! 
lilt  for  vessels  of  00  tons,  has  just  been 
darged  for  those  of  250  tons,  and  its   in- 


*  It  IN  Mtimated  that  there  »re  orer  40,000  locoino- 
rai  IB  All  eoaQtiiet.~K<f. 
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creasing  traffic  already  demands  an  enlarge- 
ment for  vessels  of  1,000  tons.     Of  the  traf- 
fic of  the  great  West  it  now  carries  more 
than  all  of  the  great  trunk  lines  of  railway 
between  the  St.  Lawrence  and  the  Potomac. 
Oue  canal  boat  carries  more  tonnage  than  a 
freight  train,  and   the   Erie   Canal   brings 
daily  to  tide  water  more  than  five  times  as  much 
tonnage  as  the  New  York  Central.     Its  ton- 
nage exceeds  that  of  all  the  foreign  commerce 
of  New  York.     The  materials  used  in  its 
construction  exceed  in  quantity  those  required 
for  the  2,000  miles  of  the  Pacific  Railway. 
The  Niagara  and  Cincinnati  wire  suspen- 
sion bridges  by  Koebling;  the  Havre  de  Grace 
bridge,  of  wood,  by  Parker ;  the  Schuylkill 
bridge  of  cast  iron  arches,  by  Kneass  ;  and 
the  Victoria  iron  girder  by  Stephenson,  are 
among  the  most  noted  bridges.     In  subma- 
rine works  in  this  country,  the  most  remark- 
able are  the  piers  of  the  Potomac  and  Cro- 
ton  aqueducts,  of  the  Havre  de  Grace  and 
Harlem  bridges,    and  the  founding  of  the 
United  States  Graving  Dock,  at  Brooklyn. 
The    aqueducts     and    graving    dock    were 
founded  by  means  of  ooifer  dams,  the  Havre 
de  Grace  bridge  by  means  of  iron  caissons, 
and  the  piers    of  the    Harlem  bridge  are 
composed  of  large  oast  iron  columns  or  hol- 
low piles,  driven  by  the  newly  discovered 
pneumatic  process.     A  mass  of  metal  of  a 
ton  weight  was  unknown  before  the  Christian 
era.     Now  those  in  cast  iron  up  to  150  tons, 
in  wrought  iron  to  40  tons,  and  in  steel  or 
bronze  to  25  tons,  are  made  in  any  desired 
forms,  and  turned  or  bored  with  the  most 
perfect  accuracy. 

The  works  of  the  ancients  are  often  refer- 
red to  as  excolling,  in  magnitude,  accuracy 
and  beauty,  those  of  modem  times.  This 
view  is  in  part  at  least,  quite  erroneous. 
Their  works  were  generally  for  useless  pur- 
poses, although  there  are  many  exceptions, 
such  as  their  canals,  water  works,  military 
roads  and  bridges.  The  stones  in  the  tem- 
))le  of  Baalbee  are  the  largest  of  any  build* 
ing  in  the  world  save  one.  They  range 
from  1,200  to  1,275  tons.  In  one  at  St. 
Petersburg  they  are  \  larger.  The  mono- 
liths of  Kgypt  are  from  200  to  300  tons,  and 
a  few  of  700  tons.  The  obelisk  of  Luxor, 
now  in  Paris,  weighs  250  tons.  The  **  goodly 
stones"  of  the  teni]»le  at  Jerusalem  weighed 
350  tons  each.  The  probable  method  of 
constructing  the  great  Pyramid  of  Gizeh, 
was  by  means  a  mound  of  earth  and  an  in- 
clined causeway ;  when  the  structure  was 
completed   the   earth   was   removed.     This 


pyramid  contained  6,500,000  tons  of  stone,  i  covering  the    •*ScylU  and   Char^^' 


and  the  embankments  required  50,000,000 
ton^  of  earth*  Ali  of  the  masonry  of  the 
Erie  Canal  amounts  to  but  one*third  of  thi8, 
aud  all  of  the  earth  moved  for  the  Pacific 
Railway  amounts  to  but  that  used  instead  of 
ticaffolding  for  this  pyramid.  It  rcrjuircd 
the  labor  of  500,000  men  for  thirty  vear,H, 
and  cost  ^5,000,000,000.  A  modern  engin^ 
eer  would  construct  such  a  work  for  $l00,- 
000,000,  and  use  a  tithe  of  the  men.  The 
Coii-^cum  at  Home  was  but  one-third  of 
the  size  of  the  London  Exhibition  buildings 
and  but  one-sixth  of  the  I^aris  building. 
The  tonnage  of  the  Ark  was  12,000  ;  of  the 
tihow  tthipB  built  by  Ptolemy  gome  what  less, 
and  of  the  Great  Eastern  22,500  tons.  8ome 
of  the  modem  men-of-war  have  nearly  0,000 
tons  displacement,  and  our  passenger  ghiptf 
3,000  to  5,000  tons.  The  large.st  steam  en- 
gines in  the  world  are  those  used  in  drain- 
ing the  Haerlcm  Merc,  with  steam  cylinders 
of  twelve  feet  diameter  and  fifteen  feet 
stroke,  driving  eight  pumps  of  63  and  7H 
incheft  diameter,  and  ten  feet  stroke.  These 
three  engines  were  capable  of  delivering  a 


clear  spans  of  1,000  meterft  (twt^- 
mile)  each/'  and  with  picfD  of  7<" 
half  in  and  half  out  of  the  e^^a^  i^n  i 
modern  **  Pons  Asinoruin,**  a  brt« 
acroba  the  Strait^^  of  Dover,  i^ix 
long,  in  clear  japans  of  two  inilftH 
piers  of  a  1,000   feet   depth    in 
This  project  is  *<aid  to  be  fa' 
leon.  In  tunnels  we  have  thai 
eight  miles,  and  of  the  Hoi>»-ac,  fivv  lailcfl 
length,    both    in    rapid    progress;    oiw 
wrought  iron  tube^  at  London,  and 
at  Chicago,  almost  completed  ;  tumu  t* 
posed  under  the  East  and  North 
New  York,  under  the  OaugOB  ai   x  --  • 
and  under  the  Straits  of  Do?ef« 


The  New  York  and  Brooklyn  B&tiKti. 
L    — ^The   Board  of  Consulting  Engin     •, 


eonBisting  of  Horatio  Allen »  W, 
pine,  J.    Dutton   Stetsle,  Br 
trobe,  John  Serrell,  J,  P.  K 
W.  Adams,  have  tinif^hed  their 
after  having   sat   for  three  day- 
examining    the    details    of    Mr 


.1.  \\    \.^ 


volume  of  water  six  times  as  great  as  that  of  I  plans.     The  result,  says  the  **'! 


the  Croton.  The  next  largest  pumps  are 
those  of  the  Graving  Dock  at  Brooklyn,  of 
one-third  of  the  capacity  of  those  at  Hacrlem 
Mere-  The  gteam  engines  next  in  siae  are 
those  of  the  Bristol  and  Providenee  steamers, 
with  cylinders  of  nine  feet  two  inches  diame- 
ter and  twelve  feet  stroke.  Seven  of  the  most 
noted  modem  engineering  works  to  contract 
with  the  seven  wonders  of  the  ancient  world, 
are  the  Thames  Tunnel,  the  Great  Eastern 
Bteamship,  the  Atlantic  Cable,  the  Britannia 
and  Niagara  bridges,  the  Erie  Canal,  modem 
ordnance,  and  the  Paeitic  Hailway. 

Among  the  great  projects  of  the  age  are 
those  for  building  canals,  railways,  tunnels, 
bridges  and  steamers.  In  oanals,  we  have 
the  project  of  one  around  the  Falls  of  Niag- 
ara; a  re-enlargcment  of  the  Erie  for  vessels 
of  1,000  tons;  the  8uex,  nearly  completed; 
one  across  the  AUeghanies  in  Virginia;  one 


full  confirmation  of  thciu  in  their  appUcili« 
to  the  proposed  East  liiver  Bridge. 

The  span  (1600  ft.)  the  Board  connid^rrf 
entirely  feasible.  As  to  the  pier*;  on  tfc« 
Brooklyn  f^ide  there  was  a  substratum  d 
boulders  which  the  current  would  D«it  «^ 
upon  or  wai*h  away;  here  a  firm  f«»iu»dat»flB 
would  readily  be  obtained.    But  ^ 

York  side  the  foundation  would 
laid    upon    a    4|uicksand — uubet:!  .<) 

same   as   thiit   met  with  in  ext 
Dry  Dock,  where  not  a  stone  w  q 

the  whole  excavation.     It  is   h\  rj 

hard,  being  a  decomp€)Sed  rock,  *1  he  ffU* 
tical  *[ucstion  was,  will  the  scour  of  ihr  riTff 
remove  it  and  undermine  the  pier?  A  rthf* 
ence  to  old  charts  shows  that  the  eurreul 
has  not  encroached  upon  this  shoro^  TW 
pier  might  ho  carried  down  107  ft,  to  tolil 
rock,  but  the  Board  thought  goini? 
than  the  bed  of  the  river,  or  nay 
necessary.    In  case  of  future  **Tii-r 


tfaii 


^K  through  the  Nicaragua  Lake  or  Panama,  and 

^f  one  fnmi  Huron  to  Ontario^     In  railwayi*,  we 

i  have  tlie  Pacific  on  the  eve  of  completion;   a  protection  of  rip-rap  work 

I  the  Muut  Cenis  in  rapid  progress;  one  across   The  sand  will  be  loaded  to  4 

I  the   t *>u Tine nt  from  Rio  Janeiro  begun,  and  I  foot      Mr.    McAlpiue   has    found  thai 

^^  many  others  of  magnitude.     Of  bridges,  we  '  sand  will  safely  sustain    10   lbs.  per  tsciuare 

^^B  hi 

I  ^ 

L 


have  those  in  progress  across  our  great  West- 
era  rivers ;  one  proposed  across  the  East 
Biver  at  New  York  of  1,600  feet  clear  span  ; 
two  over  the  Hudson,  above  and  below  West 
Point ;  another  across  the  Straits  of  Messina, 


foot.  The  masonry  will  bo  loouied  oq  & 
mass  of  timber  16r»Xl00  ft.X*20  ft*  «lii*jk. 
bolted  togeth^^r  so  as  not  to  allow  aettlrment 
in  detail.  The  durability  of  thi*  timber* 
below  the  mud,  is  beyuud  question. 
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IRON  AND  STEEL  NOTE& 

r  OF  THB  Amirigan  Iron  akd  Steel 
ciATiav. — The  foUowioK  abatrAot  gire*  the 
oriant  featares  of  this  Talnable  report.  It 
•d  U  fall  in  the  «Iron  Age  "  of  Febmary  25. 
imate  of  the  prodnetion  of  pig  iron  for  1868, 
09  (ou*  M  followt : 

Tons. 

« 893,000 

aadooke 340,000 

870,000 


.1,603,000 


>daot  bj  SUtei  wu  ai  followi : 
AutkrmeUe* 

»i« 671,955 

I 160,681 

IM 60,364 


I. 


Raw  Coal  and  Coke. 


893,000 


194,000 

132,000 

14,000 


I, 


340,000 


Charcoal, 

riAnd 30,000 

K 27,400 


aaU. 

I. 


59,600 
25,000 
86,000 
65,000 
77,000 


I. 


370,000 


imated  ralne  of  the  pig  iron  made  in  the 
itatei  laft  year,  at  the  average  price  at 
iipAl   market   for   each    kind  of   iron,  wa« 


*odaet 
.aiiog 


of  the  forget  and  bloomeries  in  the 
the  past  two  years  wa«  as  follows : 


gUnd. 

k 

•y.... 
aaia. . 
Ates. . 


I  , 


1867. 

1868. 

Tons. 

Tons. 

8,462 

7,500 

22,634 

23,000 

5,980 

6,200 

31,747 

33,500 

4,250 

5,000 

73,073 

75,200 

kting  the  proportion  of  the  aboTe  product  for 
de  direet  from  the  ore,  at  one-half,  or  37, • 
A  proportion  found  by  careful  analyses  for 
yean  to  be  correct,  wo  find  that  the  grand 
Hlaction  of  iron  from  the  one  in  1868  was 
I  tons. 

odnet  of  the  rolling  mills  in  1868  is  estimated 
MM  tuns,  an  increase  of  63,0»U  tons  over  the 
m  of  tho  preTious  year.  This  increase  was 
le  to  the  larger  pr<Mluction  of  rails  amount- 
rear  to  506,714  tons  against  462,108  tons  in 

total  domestic  production  of  pig  and  rolled 
Bered  irun,  as  previously  stated,  tho  follow- 
he  qaantity  and  value  shown  with  reference 
I  kinds  of  products : 


Qaantity. 
Toof  of  2000  Ibf . 

Foundry  pig 575,000 

Rails 606,714 

Boiler  and  plate 111,462 

Nails  and  spikes 149,000 

Bar,   rod,  band,  hoop,  Ao., 

axles  and  other  rolled  iron    337,824 
BAmmered  iron 22,000 


ArerAgA 

Talne. 

$22,425,000 

34,384,148 

15,047,370 

16,390,000 

85,048,850 
8,960, 00« 


TotAl 1,702,000    $127,255,368 


aI   prodc 

8,500  tons  made  by  the  Bessemer  process,  is  etiimAteS 
At  30,000  tons.  The  capacity  of  our  stoel  works  ii 
amply  sufficient  for  all  the  requirements  of  the  coun- 
try. The  excellence  of  American  steel,  and  ita 
adaptability  for  every  purpose  to  which  this  mAterial 
is  applied,  can  no  longer  be  questioned.  No  reason* 
able  argument,  therefore,  can  be  advanced  against 
such  additional  protection  as  this  interest  demandfy 
and  which  will  redound  to  the  advantage  of  the  oon* 
sumer  no  less  than  the  producer. 

The  following  are  the  quantities  and  values  of  the 
various  kinds  of  iron  and  steel,  and  manufacture* 
thereof,  imported  into  the  United  States  during  tho 
last  fiscal  year,  comprising  the  twelve  months  ending 
June  30,  1868: 

Quantity. 
Tons  of  2000  lbs. 

Pig  iron 118,042 

Castings 

Bar  iron 66,383 

Boilerplate 1,000 

Band,  hoop  and  scroll  iron 15,878 

Railroad  iron 228,277 

Sheet  iron 15,821 

Old  scrap  iron 72,908 

Anchors,  cables  and  obainf  of 

all  kinds 4,806 

Steel  ingoU,  bars,   sheets  and 

wire 1,705,337 

Manufacturing  of  iron  and  steel 8, 728 ,  955 


Valao. 

$1,810,483 

82,674 

2,906,231 

73,221 

672,264 

4,781,575 

1,187,6U 

1,283,269 

815,188 


ToUl. 


522,615  $23,496,835 


nail 


S^OUO  Ibt^  uuless  specially  stated  otbei. 


Later  figures  than  the  above,  however,  are  obtained 
by  a  reference  to  the  reports  of  the  British  Board  of 
Trade,  that  for  the  eleven  months  ending  November 
30th,  1868,  having  recently  come  to  hand.  By  it  we 
observe  that  during  that  period  93,073  tons  of  pig 
iron  were  exported  to  this  country,  a  falling  off,  as 
compared  with  the  corresponding  months  of  1867,  of 
34,910  tons,  and  exhibiting  a  slight  increase  as  com- 
pared with  the  importations  of  1866.  Of  bar,  angle, 
bolt  and  rod  43,388  tons  were  shipped  hither,  against 
46,171  tons  in  1867  and  68,376  tons  in  1866. 

One  of  the  most  prominent  features  of  the  iron 
trade  during  the  past  year  was  the  very  heavy  im- 
portation of  railroad  iron,  amounting  during  tho 
period  above  named  to  278,0.^5  tots,  being  101,820 
tons,  or  about  58  per  cent  over  those  of  1867,  and 
169,6U3  tons,  or  156  per  cent  over  those  of  1866. 

Supposing  the  quantity  shipped  to  this  country  in 
!  the  month  of  December  to  equal  the  average  monthly 
(•hipments  of  the  previous  eleven  months,  the  total 
quantity  for  the  year  would  be  303,000  tons,  or  nearly 
forty  per  cent  of  the  whole  consumption  of  the  coun- 
try— a  quantity  largely  exceeding  the  imporutiona 
of  any  year  in  Ihe  history  of  the  country,  excepting 
.  1853-54.     The  total  quantity  of  iron  of  all  kinds  ex- 
'  ported  to  this  country  from  (Ireat  Britain  during  the 
eleven   months  being  4:{H,305  tons,  against  391,526 
:  tons  in  1867,  and  313,957  tons  in  1866.    Of  steel  we 
;  imported  16,700  tons,  a  quantity  somewhat  less  than 
I  during  either  of  the  two  preceding  years.     Of  the 
I  whole  quantity  of  iron  exported  from  Great  Britain 
I  during  the  eleven  months  ending  November  SOth, 


IW*,  Alwwl  24  per  cent  w*a  shipped  to  tht§  oountry. 
Tbt  pero«ntAgc  of  eaeb  kind  setit  hither  was  as  foU 
low«:  of  pig  iron,  1A  per  c^int',  of  bar,  ftDf^lo,  bolt 
and  ro<l»  1 4  p«r  cent;  of  rnilroad  iron,  4fl  p**T  cent; 
of  cndtJTii^j  U|  p«rc«nt;  of  hoop^,  shvctjj  and  bctiter 
ptiiiej^.  nUttui  12  p<?r  ceut;  other  wrought  iron^  3  per 
cent;  of  «tcel,  53  per  cent. 

Th(»  v»luo  of  iron  ftnd  atefll  and  niAniifiiGlQrefl 
Iherenf,  «i ported  from  t bo  United  Stal««  during  iho 
iMt  fiscal  year  was  $V,IU,740,  a«  follows: 


I 
I 


fe 


Mnrimrucrurfd  in 
Uiiiledi5Uie«. 


Qocn^tr!    Vol  no. 


Ptg  irnn,.., ^., 

Ciintmiifs  t »«., 

Bar  Iruii 

Boilrr   p'tiie..  ,♦,... 
Bar  1(1^   boup  iLod  acrtiitl 

iron , 

RaikroAi!  iron....... 

Sheet  iron....,'..  ..♦.    . 

A  iiclittr*,  cable*  4  cnble* 

chaini  , . , ,. 

Nait4 311x1  «pil(ca  .... 
Miikiiit!teiar««   of    iron 

Olid  0ttlbL  ........ 


7,331 


199 


(cwt,} 


i,ao4 


6a,ll7J  I    371,317 
^591,437 


Of  Foreign 
Maiinf  oc  1 11  rA  re- 
exported. 


740 
4:1 

llptK70 

d»l 
3t 


Value, 


991 

97 
20, 11*17 


^^Ml 


131,087 


tiflSfSaci 


\it9tia§  4i 


_     or  t 

B      tbei 


I 


THs  Ellbrshausek  Patent.— The  Rpeeifi<5a- 
tioti  of  Francis  E11iar«HaiJsefi,  of  Rllershau«e, 
ftod  AngustuB  E.  Staynor,  of  Halifax,  Nova  Scotia, 
and  Adolph  (jltiinmnnir  of  Ni?w  York,  N.  Y.,  Letters 
Patent  No.  8i.05S,  dated  Nor.  77,1868.  for  **  Im- 
pravemcnt  in  ihn  Manufacture  of  Iron  and  Ste4)l>*' 
ii  M  follows  : 

**  Th«  nntore  of  our  InTention  relatet  to  the  pro- 
duction of  iron  in  a  now  and  useful  cnndition,  iuilable 
for  the  general  pqrpofteft  of  tho  inimofe dure  of  iron 
and^tet)),  and  combining  the  aiivuntnges  of  improved 
quality  and  dimioiwbcd  co*t.  To  enable  olbori^ 
Akitiied  In  the  art  to  make  Uie  of  our  invention  in  the 
manufacture  of  iron  and  tteel,  we  wilt  proceed  to 
doifcribe  our  method  of  operation,  and  tho  rosuU« 
attained  thereby. 

"Our  process  onm^iste  substantiallj  in  mixing 
tofi^otber  ca9t  iron  and  an  oxide  or  oxided  in  »iich 
mannvr  and  in  such  proportions  as  to  produce  a  *olid 
(as  di«tiu>rui^bod  from  a  fluid)  mail,  one.  and  either, 
of  them  being  in  a  «olid  condition,  and  the  other  of 
tbem  in  a  fluid  state,  hy  reojion  of  heat  applied  lo  it 
^roviotiflly  to  such  mixing.     We  shall,  in  this  specifl- 

ilion,  desoribe  more  particularly  our  process  »« 
jlied  to  the  treatment  «f  incited  oaat  iron  with 
111  oxide.  We  umc  oa^t  iron,  either  taken  directly 
from  the  blast  furnaee,  or  remoltcd  ;  and  for  the 
oxidizing  agent,  iion  *»rr,  crashed  or  pulverited,  may 
bo  most  convonivntly  emptoyedr  attbnugh  we  do  not 
desire  to  restrict  iiursclvcs  to  the  use  of  any  particular 
oxide.  The  mixing  uiay  be  cfleoted  in  any  suitable 
reoeptaolv  or  uiould,  of  *ueb  dimeusioni  as  will  give 
to  the  resultant  muss  the  de»ired  Khape  and  a  ice.  An 
inipoi  mould  in  two  pieties,  united  and  held  together 
by  bandit  fviM  annwcr  the  pFir|»(>80. 

**  In  the  bntlom  of  this  mould  we  first  place  a  tmall 
(quantity  of  iron  oro^  si>  that  the  tnixirg  may  eom* 
inenre  a*  i»«<»n  Jin  th**  tn«?ltcd  caat  iron  \*  introduced, 
W.  ;ii>uld  a  stream  of  liijuid  ouAt 

i^  *\Y    therewith,    a   stream   of 

flr' :  ^  rvd  ore,  kce[dn|^  the  How  of 

each  aa  stt-ady  •»  posnihle,  and  stirrinif  lhe»n  eoo- 
atontty  wiLb  a  tool  (profcrably  made  of  wood),  $o  ai 


to  effect  an  intimate  admtxtuTe.     Gmr*  fssat  Ul 

ibnt  there  ihall  be  fnily  enough  ore  for  tlie  iftKwniin.  I 

It    will  bo   found  that  on   this   admixture  the  UttllJ 

cant  iron   insr  >     ■     '        -       :  '■  '~ 

stj   fiai  AH  th« 

a    solid    (a.f   «)i 

built  up  until   the  muutU  jJ>tuU.      !• 

mould,  and   supplying  a  freih  one  c 

operation    ii  kept  up  until  -^       -'     ' 

baa  been  operated  on.     < ' 

rctpfiving  the  ring-a  and  W' 

are  held  together,  tbe  ma^3  ^  . 

out.     This  ma§»  \s  a  ioo^e,  sp<i 

the   excels   of  ore  whlob  bas  W'v  l^-ui 

east  iron  will  shako  oat. 

"To   the  material  thus  formod  «e  hart  glff«Oi| 
name   of  **  pig  bloora^'-  if  eati  in  a  mould  ^  * ' 
euob   receptacle,   and   pre»enred    in  tbe  •baf»  tifltj 
acquired  i  but  if  the  in^ri  t  '  '    n  tipimatJ,i'  \ 

this  material  be  formed    i  jkOoaraiMi 

sbt  of    smaller  piecea,   11  j        .    ^    itiulM»^^il«  I 
scraps,  then  wo   call   it   **^pig   eerap,*'    TbU  **Hl1 
bloom,''    and   "pig   scrap,'*   will   be  fonad  tela] 
mechantcal  mixtares  or  eonglomeraiep, 
particles  or  graioi  of  oast  iron*  of  ore.  of  [ 
converted    wrought  iron,  and  of  a  till  «lh#r  [ 
in  varioniE  intertuediate  conditionf .     But  if  iKeril 
been    ttderable    skill  and  cmro   eKar4?i»tfd  tu  I 
tbe  mass  will  be  cm  '  ^nwi 

akin  to   that  of  wr  llotlji 

the  judicious  applii  .ueafi4c 

plete  tbe  ehcmical   «pci>rAitufi«,  wbteh   haTiog 
cammenced  in  the  proccas  of  mivinf.  new  i 
by  tbe  cooling  of   the   mai»i,  iu   ord-     " 
conversion  of  the  cast  iron  and   th« 
iron,  by  'be  combination  of  the  carl> 
with    tho  oxygen  of   the  oxide.     In  C«ict,  Liii*| 
tbe  after  treatment  is  conducted  as  If  the  i 
the  mixing  of  the  ore  with  tbe  eaat  I  r 
pore   wroRght   iron,  beoanse    tbe    ^ 
given  to  it  during  the  further  wot 
all   the   conditionsi  required  for  ti- 
wrought  or  malleabla  iron.     It  wil. 
in  practice,  that  this  **  pig  blo-m*'    i 
I  are   capable   of  enduring,    wiili   nt 
great  exposure  to  heat,  both  in  mt,  j 
tion,  and   thus  the  impurities  caa  be  swcato 
tho  metal  to  an  extent  which  is  oot  possible 
old    mclbods   of  iron   metallurgy,   or    at  le 
without  great  expense. 

"The  making  of  the   pig  bloomt  rir  r.it?  =.: 
tbe  manner  described,  affords  a  c<ir 
efilGilent  means  of  obtaining  th**  !;> 
materiats   as  are   known  to  In 
detergents  or  as  iUh<yi»,  in  s^i 

iron  metallurgy  (as   in  the  ofu   ,,  _ 

wholly  or  partially  failed  to  assist  in  tti 
Haco,  the  refinery,  the  bloomery,  tbe  pu 
naco,    or   tho    Be.^senier   converter.       hj         i 
such    maierialti  with   the  pulverized  ore,   tir  • 
into  tntimato  mcebanioai  admtxiure  with  tbr  : 
the   pig  bloom   or   pig   sorap  during   the  pn* 
"mixing,"    before   deicribcd,  h»i4    t»*^iBg   thai  ll 
prisoned  in  the   mass ,.  and  sn^'  r  a  loing  iii 

to  a  heat  too  great  for  them  i'  h>U4»,  1" 

must  either  escape  o^  fluid*  •     „  r  e)at  b«o 

obemieally  incorporated  with  tbe  iruu, 

"  Instead  of  "  mixing"  by  pouring  lh#  atraami  <l 
finely -crushed  ore  and  of  fluid  ca»l  Iron  aln^ltfaomm* 
ly  into  a  nttiuld,  the  same  result,  ««ibal*aliftlly«  «if 
bt»  reached  by  scattering  the  cast  iron  on  the  hNMaf 
ore,  or   by  delivering   it  on  a  movr  upMi 

which  ore  may  be  placed  before  nr  ^lal  \§ 

deposited  ;  or,  indeed,  a  varl^  ixj^maybe 

devi«ed  whereby  to  bring  tbe  roa  aod  lAm 

Bi^lid   oro  into  a  coutaci  sulBcl  -niia  i*  |in»<> 

duce   a  oonglomerate  of  the  churaeter  her»iab*fi<re 
deaaribcfL    Tho  method  of  opera  lion   m^  ala«  b« 


^m 
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varied  bj  enplojing  tho  oxide  or  oxides  in  a  melted  when  the  portions  to  be  united  are  taken  from  the 
•tet«,  «od  the  emat  iron,  granulated  or  otherwiiie  fire  and  joined.  If  the  pieces  to  be  welded  are  too 
flDely  dirldcd,  in  a  solid  as  distiogulnhed  from  a  fluid  largo  to  bo  both  introduced  at  the  ume  time  into  the 
MmtCy  Buing  them  in  sueh  manner  as  to  produce  the  forge,  one  can  i>e  first  heated  with  the  welding  pow- 
•myloMieratc  desired.  i  der  to  a  cherry -red  heat,  and  the  others  afterwards 

^^-Iron  oreoroxido  of  iron,  has  been  described  as  to  a  white  heat,  after  which  the  welding  mav  be 
the  ozidiaing  agent  in  our  process,  but  we  do  not  con-  ■  eflccted.  Another  oump4»>ition  for  the  same  objcet 
tec  oar  invvntion  to  the  use  of  that  material,  as  other  .  consists  of  fifteen  parts  of  borax,  two  parts  of  sal- 
•Kidcfl  Bay  be  used  in  eombination  with  or  in  lieu  of  ammoniac  and  two  parti*  of  cyanide  of  potassium.— 
it.  We  are  aware  that  the  removing  of  the  carbon  Th^se  constituents  are  diraolved  in  water,  and  the 
•r  east  iron  to  a  greater  or  lera  degree,  by  means  of  water  itself  afterwards  evaporated  at  a  low  temper- 
•zidce.  U  not  new,  and  that  the  mixture  of  solid  ature. 
•sides  with  flnid  cast  iron  is  performed  in  tho  pud-  i 

dling  famace,  and  in  other  operations  ;  but  this  Is  |    t  kaltsis  OF  Bessexer  Steel  AT  THE  DlP- 
done     ander    other  conditions,  and  with   diflferent :  £\  feuext  Staobs  of  the  Pkocess. 
vvealta.     Bat  the  novelty  of  our  process  consists  in  : 
Mixing  solid  oxides  into  and  among  fluid  cast  iron,  or  ! 
of  flnid   oxides  with  solid  cast  iron,  granulated  or  I 
Blantcly  subdivided,  in  sneh  a  manner  and  in  such  ' 
^«anUt3  as  to  produce  a  solid  conglomerate  of  the  ! 
two  sabataaees,  and  also  in  effecting  this  mixture,^ 
aad  prodKcing  the  resulting  pig  bloom  or  pig  scrap,  i  Graphite  ..... 
without   the  application  of  other  heat  than  that  of ;  Combined  car< 
the  fosed  cast  iron  or  oxide,  as  the  case  may  be,  |     bon {     .750 


Iron: 


S.180 
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,04U 

.018 

3.460 


tbos  dispensing  with  the  ni>e  uf  a  furnace  fitr  any  part !  Silioium |  l.tlOO 

of  the  process  of  mixing  after  the  melting  of  the  cast !  Phosphorus. . 

iron  or  oxide,  whichever  of  them  is  used  in  a  fused  -  Sulphur 

coadilion.  >  Manganese  . . 

**  It  will  be  found  that  the  material  thus  pmdnecd    Copper 

say  be  used   in  like  manner  as  any  wrought-iron  of  >  Iron 

siailar  shape,  so  that  when  raised  to  a  welding  heat, 

the  pig  bloom,  mannfactured  as  hereinbefore  dcscri-  | 

beds  may  be  pree»«d,  squtesed,  hammered,  rolled,  or  I         Slag : 

worked  in  any  of  the  methods  employed  in  the  treat-  !  Silica 

at  of  wrought  iron,  and  with  like  results,  except-  I  Alumina...... 
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lag  that  the  article  of  wrought  iron  produced  by  our 
pffoeess  is  snperior  in  quality  to  that  obtained  in  the 
oidinary  way. 

**  What  we  claim  as  oar  invention^  and  desire  to 
saceie  by  Letters  Patent,  is — 

'"1.  As  a  new  article  of  manufacture,  pig  bloom, 
er  pig  scrap,  being  a  conglomerate  of  cast  iron, 
osidcfiy  wrought  iron,  and  particles  of  matter  more  or 
less  nearly  approaching  one  or  other  of  thitse  sub- 
siaacef,  prfiduced  by  admixing,  and  bringing  in  con- 
tact with  fluid  cast  iron,  oxidizing  eubnlancvs  in  a 
solid  Slate,  in  such  a  manner  and  in  such  quantity  :  ~ 
as  Uj  produee  a  a*A'id  condition  uf  the  mass.  a.  Gray  pig  (63  Austrian  cwt.  83  pounds)  and  blast 

'*  2.  The   mixing   of  ca#t    iron  with  an  oxidizing    furnace  slag. 
ag»nt,  oDc  or  other  of  wbich  is  rendered  fluid  by  heat '      6.  After  the  first  period  ;  slag  from  tho  converter, 
applied  previouiily  to  pnch  mixing.  '     c.  After  the  second   period  ;  slag  from  tho  con- 

*'  3.  The  production  of  wrought  iron  from  caHt  iron,  '  vcrtcr. 
by  mixing  with  the   latter,  while  fluid,  a  sufficient  <      d.  At  end  on  turning  down  ;  slag  from  tho  con- 
am^MUt  of  oxidizing  material  to  produce  a  solid  con-    vertor. 
diticn  of  the  mass.  I      e,  Fmiishcd  pro<liict  after  addition  of  recarboniier; 

"  4.  The   production  of  wrought  iron  from  oxides    sla*;;  from  converter. 
of  irt'D,  by  mixing  the  latter  with  molten  cast  iron  I      Fir.xt  period  ceases  when  long  bright  flame  appears. 
to  such  an  extent  as  to  produce  a  solid  conglomerate  !      Second  period  ceases,  as  long  bright  flume  begins 
of  the  two.  ,  to  grow  darker.— A'u;*«/iric»fr,  Oett.  ZeUtchr,,lii67, 

**5.  The  employment  of  detersive  agents  and  useful  ^  A'o.  23. 
alloys,  by  mingling   them,  or  either  of  them,  with  •■ 

the  oxides  used  in  the  proccNS  hereinbefore  de<«cribid,  i  puBOMiUM  IN'  R.VIL  IIraDS. — The  liOndon 
so  that  they  ^hall  l)ecouie  part  of  the  conKlomi-ratf,  ■  \j  k  Mining  Journal  »'  states  that  an  improved 
and  ha«e  i-uch  intiniutc  contact  and  connetlinn  with  |  metal  for  the  manufacture  of  rail!«ha*  been  proposed, 
the  mass  as  to  produce  tht-ir  proper  chemical  efri-cti«  conMj'ting  of  iron  with  an  admixture  of  chrome  ore. 
when  it  u  afterwards  subjected  to  the  action  of  heat,  j  it  has  long  been  known  that  an  alloy  of  about  40  per 

I  cent  of  iron  and  60  per  cent  of  chromium  scratches 

WELDIXG  POWKR. — A  powtlerof  tho  following  glass  almost  n.-*  deeply  as  the  diamond  ;  and  Frcmy 
composition,  recently  patented  in  Belgium,  isi  .  has  stated  that  an  alloy  of  iron  and  chromium  may 
said  to  be  very  OKcful  for  welding  iron  and  stoel  to-  i  be  formed  by  heating  in  a  blast  furnace  oxide  of 
gether.  It  consists  of  one  th'.m:>and  parts  of  iron  >  chromium  and  metallic  iron  ;  it  rrsemblvs  cast  iron, 
hiinga.  five  hundred  parts  of  borax,  fifty  oartu  of  lial-    and   scratches   the   hardeiit    l)odie«i,   even   hardened 


sen  of  copair»  or  other  resinous  oil,  with  76  parts  of 
•al -ammoniac.    Thciic  ingredients  arc  well  luixrd  to 


stool.     Experiments,   says    this  authority,  aro  noe 
being  made  at  four  of  the   largest   rail  mills  in  the 


gether,  heated  and  pulverized.  The  proces!<  of  welding  |  United  States,  in  onler  to  tent  the  value  of  an  alloy 
to  vurh  the  same  as  usual.  The  surfaces  to  be  welded  |  of  chrome  ore  and  manganese,  with  the  iron  in  the 
are  paiwdered  with  th«)  composition,  and  then  brought ,  puddling  furnace,  fur  hardening  rail  heads,  and  with 
to  a  cherry -red  hcaty   at  which  the  powder  melts,  |  every  prospect  of  a  successful  result. 
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rrHKATMENT  OF  8teel  Plates. — The  tensile 
X  strcngtb  of  n  steel  pUte,  with  pmp«r  degree  of 
hnrdQea^T  flbonld  g!ve  bd  altimate  strength  of  3S  to 
S5  tons  per  sqaari*  inch.  The  denser  the  metal  the 
more  itijorioui  Ih©  cfTeet  of  punching.  Steel  plates 
of  from  33  to  35  tona  per  eqtmre  toefa  t«iiFtlei$trc»gth, 
luffer  more  b^  puticbing  than  iron  platet  uf  from  2U 
to  22  tons  per  square  inch;,  unlesi  the  steel  platen  are 
iinnvaled  after  being  punched. 

Efftci  of  Anmaling  tht  Pltttes, — The  plate  a  vbich 
had  been  punched  were  annealed,  when  the  teniile 
strength  of  plate  arose  to  Sd.Bfl  lona  per  &quare  Inch 
or  toTts  original  strength.  The  naeon  fetu ft*  obtain- 
ed of  experiments  of  itrenglh  of  drilled  p!ate«  riveted 
together,  anJ  ©f  punched  pLciteis  antieaird  and  rivet- 
ed together — plates  off  of  same  piece — gave  for  drill- 
ed plates  41*07^  tone  per  equere  inoh,  and  for  the 
pnnt-'hed   41.24   toua   per  tqaare    inch}   showing  the 

Juncbed  pinto  when  annenled  to  be  equal  Co  the 
rilled,  if  the  Intier  is  prnperlj  anneal rd.  Platen 
were  6-1  d  ineh  thick,  riveia  9-lft  inch  dtumetex,  Ij 
center  to  center,  and  double  riveted. 

Mr*  Henry  Sharp  found  the  effect  of  drilling  sud 
punching  steel  pifttes  to  be  m  follows : 
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Tbue  proving  that  punebing  deteriorated  the  ten- 
frile  strength  of  steel  plates,  6-16  inch  thick,  to  the 
extent  of  from  26.4  to  37.8  per  cent,  us  compared  with 
drilling,  or  on  aa  average  of  33  per  eent.  On  exam* 
jjiing  a  section  of  steel  or  iron  pUtev  which  has  been 
pttnohed,  it  will  be  found  that  the  metal  is  more  or 
less  hard  and  brittle  around  the  hole  (the  thicker  aud 
harder  the  plate,  the  greater  the  distance). 

EJ^td  of  Taper  Punchinf^  on  Sleet  P/ales,— Plate 
■|  inch  thick,  cut  io  two,  one  piece,  punched  with  a 
pntioh  3  inch  diameter^  clearance  being  1>10  inch  hoK' 
in  die.  The  other  plate  was  punched  with  the  same 
punch,  bat  clearance  in  hole  being  H-ltt,  making  a 
laper  hole  in  the  plate.  The  ultimate  ten«ile  strength 
of  plates*  unannealod  after  being  piincb«d»  w»:»  for 
the  taper  hole  32.527  tons  per  square  loeb  of  net  see- 
tioniilarea;  for  the  straight  bote  26  tons,  being  25 
per  cent  in  favor  of  thct»por-punched  hole,  the  frac- 
ture of  the  tiiper-punabed  plates  being  more  fibroui 
ihftD  the  other. — Am,  Railway  Timu. 

TttK  Prodtjctio??  of  PiG-Taoy,^ — Tlio  estimat- 
ed production  of  pig-iron  in   the  principLit  nnu 
nikktng  countries  of  the  old  world  is  as  follown : — The 
figures  refer  to  the  jear  1865,  which  if  the  latest  date 
for  which  complete  retums   are  ubteinable.     In  the 
Tnited  Kingdom   613  fnrnaoes  made  4,768^000   tons; 
Fraijoe*  43U   furnaces^  made  1,1^5,000   tons;  United 
States,    260  furoacos,  1,150,000    tons^  Belgium,    52 
'furnat^es,    450,4)00  tons;    Kosaia,  30U,(jOO  tons;  Aiii- 
^IriA*    314,000    tons;    Sweden  and    Norway,  253  fur- 
HMM,  m»de  346^000  toui;  U%\j,  37^500  tuos^  Spain, 


HISTORY  OF  Smelting  wiTif  n  *«-  nrrr^ujo 
Coal. — Early  in  the  •«*©rr  arj, 

eral  oofti  was  introduced    iw  »  *•! 
'  in    the   matiufaeture  of  iron  ;   i  i « 

I  menti  with  raw  coal    being   un^-  t>| 

'  of  coking  or  oharliing  wo»  di#cu»4..»p  ...^  I«r  a4 
tiderable  time  hold  seeret.     It    wai    etill 
however,  that   coking  not  only  add«d  oxpeaimtj 
waited  fuel,  as  modern  esperimentf  hsvo  wb^titi 
proved  ;    and  atteoapt^   to  use   raw  eofti  ««r»j 
wanting.      In   Itf&l,   a   tpcciai    aet   of 
granted  to  one  Jeremy  Buck  »  patent  •*  fit 
iron    with    atone-eoal,  pU-eoal  or   scft-ooaU 
charking,**      Of   ibe  9iieo««i    of    bia  opetwiaM  ti 
know  nothing,  bnt  pre«iinie  tbej  reeolterf  tn  ietluu 
at  left0t^  flo  far  af  Mtuminouaooal  waa  «oo««v9i4.   i 
review  of  thi«  part  of  the   tnbjt^ot   will   b«  f«tkl  ll 
Webster'!  reports  of  English  patent  eases,  saJftHi 
head  of  the  celebrated  Crane   case.     C Pane's 
(Sept.,  1b36)  wail  fur  the  use  of  raw  ft4*iis««e«lp| 
it  was  diJipDted  ou    tb«    groonds.  ^KH.r.^'  >,tl:r 
he  used  bituminous  eotkl  olsO}  an 
covered   by  the  ancient  patenU  ^ 
This  plea  opened  up  an  extendi  a  ijutjritAi  *f^t 
ment. 

All  these  early  experimenttf  irerft  m%4*  vitli  mU 
blajit,  and  tbe^  were  not  sufRcieatly  me«*silal  Is 
effeot  a  discontinuanee  of  the  us«  of  eoke.  ltAtf4» 
it  beeame  a  maxim  among  iron^masLers  ikst  at 
coal  decreased  the  product  of  iron*  Eut  a(Vcr  ill 
year  1831,  when  the  ude  of  the  hot  bia^t  vai  Bali 
more  general)  the  iatrodnetion  tii  raw  pit  mml  bipi 
in  eamoett 

The  foregoing  is  from  the  **  Amertcen  Joarval  tf 
Mining."  A  letter  from  Col.  Cha».  WhUilcM^lo 
the  same  journal  says:  The  first  nno  of  raw  tMi:mm^ 
Lui  coaI  in  a  stack  furnaoe  i»  elaimed  to  hav 
in  1^45,  on  the  waters  of  the  hhenango,  i 
PennEylvania.  A  furnace  built  the  ftame  year  uu  im 
Mnboningr  another  branch  of  the  BtaTef,  JiMt  t*«r 
tho  .Stale  line,  in  Uhio,  made  iron  with  raw  oMiljfll 
immediately  other  works  sprang  up  on  both  ritsi*. 
all  utting  the  **  block,''  or  Brier  Hill  e«wl«  an!  til 
making  iLti  article  superior  to  any  coke  or  aBtbndMi 
iro:*  in  America  or  £ogland. 

THE  CEHj-LAii  STRrcTcrR«  OF  Irox.— It  ll 
dtaiid  that  a  cry^taUiae  malleable  iron  doej  siA 
tihow  priyms  iin  ita  fraetorej,  but  siiopty  a  aumbsrst 
facei  of  planc£  crossing  the  cells  at  Hghr  en»t»*,  eil- 
ting  them  off  short.    The  process  of  ri  mU 

ptates  or  sboeU  does  not  obliterate    t  ^^ti 

inerf:ly  modlfles  them,   as  they  widen  ;  ik« 

pressure;      the    thin    partittuns    hrcotne    lamiialidi 
and  on  the  regularity  of  this  laniiruitinn  ib^  qaalli;; 


of  the  plate  very  mud 

copper  }3  more  perfec 

tfa«  pouring  of  the  c  ;  , 

are  afterwardaaltercd  by  tbvprcsiurt: 

but  never  dcitroyed.     If  it  were  po»-: 

section    one-iuillionth  pirt  of  au  iucii  in    iiii 

theio  cells  would  be  seen. 


TMR  WiLsox  Fursacb.— Ther^v 
tion  of  E.  B.  Wilsons  ptidd.ingfu 
hundredweight   of  coal  to  the  ton  of 
running  night  and  day.     Thij  shows    i 
over  what  has  been  used    n- 
land,  or  wherever  coal  is  cl 
nomieal  a«a  double  puddlin- 
Brook    Iron  Works,  St.  John,  ^«  U.» 
Wilson,  an    English  furnace   builder, 
made  42    tons   ten  bundnrh     ■"* 
(Scotch  pig  iron)  with  27  \ 
land  and  half  Pietoo,  eqiiui 

and  three-quarters  to  the  tou  «1  i>244^  ^ikud^'^&tm  I 
Scit nl{fic  Am trica n,  ' 


^ 
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ORDNANCE  AND  NAVAL  NOTE& 

iftCBCH-LOADiKG  SxALL  Arxs. — On  this  sub- 

^  jcet  the  '«  Bngioeer*'  njs: 
n«  grvat  qaettlon  of  breeeh -loaders  for  military 
rpfowB  Mems  to  have  reached  it«  most  important 
Ibi,  and  already  seems  to  lose  a  large  share  of  in- 
reai  mceord«d  to  it  by  the  general  pablio.  The  year 
07  «aa  one  of  great  change;  last  year  was  rather 

•  of  roatln«.  The  Small  Arms  Committee,  at 
•olwich,  after  having,  early  in  the  year,  adjndi- 
Ud  the  premium  to  Mr.  Henry,  set  about  their  tavk 
ckooaing  a  rifle  for  permanent  use,  cither  by  avail- 
g  thcBtelTes  of  the  complete  design  of  some  eandi- 
ito  fnr  Govemraent  remuneration,  or  by  adapting 

•  chief  featores  of  several  into  one  perfect  weapon. 
» povform  their  task  efflcie  ttly  they  would  neees- 
nlj  h'aTo  to  institate  a  long  course  of  experiments 
'  great  Tmlue  in  the  aggregate,  but  of  little  general 
terof  t.  Thus  their  time  t.as  been  occupied  for  the 
mr*  and  «e  believe  we  are  correct  in  stating  that  in 
!  probabilitj  their  report  will  be  published  this 

OBth. 

Tbo  report  referred  to  has  now  been  published. 
km  **Army  and  Navy  Oaiette'*  thus  comments  upon 

Vo  nndontand  that  at  length  the  report  of  the  se- 
ct comnittec  on  breeeh-loading  firearms  has  been 
at  in,  aod  it  appears,  as  stated  by  us  several  week" 
fo.  tho  arm  selected  is  a  combination  of  the  Martini 
itioiit  mndifled  by  the  committee  themselves,  and 
M  Henry  barret.  Without  ourselves  impugning  this 
icUion«  we  mast,  at  tho  same  time,  sav  that, 
■•Bg  very  competent  men,  there  is  great  doubt  that 
ich  a  combinatiiin  will  recommend  itself  either  to 
ilitary  men,  or  those  conversant  with  the  adapta- 
■oof  mechanical  principles.  We  maybriefiy  state 
few  of  the  objections  to  the  Martini  action.  1.  A 
liral  spring  has  never  been  found  to  work  with  cer- 
unty  in  any  arm  yet  tried.  From  its  nature  it  i^ 
cakcU  when  thn  blow  in  given  to  the  cap;  and  tho 
NTC  the  spring  is  expanded  in  the  act  of  striking, 
le  less  its  foree,  so  that  the  impact  partakes  more  of 
he  nature  of  a  sharp  push  than  the  actual  blow  ne- 
mary  to  ignite  the  fulminate  in  a  cup.  2.  There  is 
Iways  a  eertain  amount  of  gas  which  combines  the 
az  nsed  as  lubrication  for  the  ball,  and  nlno  round 
be  cap  it<elf .  It  is  evident  a  portion  of  this  is  con- 
iaually  finding  its  way  into  the  interior  of  the  block  ' 
iroogh  the  opening  in  which  tho  piston  workd,  as  - 
•II  as  at  the  slot,  whore  the  spiral  spring  acts  on  the 
•igger.  This  will  necessarily  tend  to  clog  the  spring 
ad  weaken  its  already  uncertain  action.  3.  In  in- 
nm  cold — such  as  is  found  in  Canada  and  other 
arts  of  the  world,  where  the  thermometer  is  fre- 
•CBtly  from  50  to  AO  degrees  below  f reeling  point, 
ad  at  other  times  from  90  degrees  to  100  degrees 
bove  it— the  condition  of  the  steel  in  the  spring 
iMld  l»e  so  altered  that  it  would  be  very  liable  to 
sap,  and  be  rendered  u.ieless  at  the  very  time  it 
light  he  required  U»  act;  and  however  easy  it  may 
ppcar  to  replace  the  spring  in  a  workshop,  it  is  not 

•  io  an  exposed  cold  place,  nmidft  f»lling  snow,  or 
I  the   face  of  an  enemy.     4.  The  front  part  of  the 
lock  is  iibliged  to  be  luadc  with  conrex  face,  and  in 
eaaequencc  i«  tangent,  and  not  parallel  to  the  disc  I 
f  the  cartridge,  therefore  iloes  not  back  it  up  as  it  * 
boald  d«i.     The  result  i;*  that  the  arm  is  dangerous  , 
ron  the  unsupported  cartridges  buri>ting,  and  the  ■ 
icees  of  braM  foil,  of  which  the  cartridge  cases  are  , 
lade,  being  blown  into  the  face  of  the  soldier  firing  j 
koann.     We  understand  that  thin  has  been  endea- 
ortd  to  be  overcome,  by  adding   a   spring   to  tho  | 
lock  Vi  force  the  face  of  it  up  to  the  cartriiige,  but ; 
bis,  it  is  held,  would  only  add  to  the  risk  of  clogging, 
ad  evoitaally  render  the  arm  useless  until  taken  to  | 
iacci  and  cleaned  by  an  armorer.     5.  Id  loading  tho  | 


arm,  should  the  trigger  by  any  ehanoo  be  caught  in 
the  dross  or  accoutrements  of  the  soldier,  it  would 
not  act.  When  the  block  closed  the  arm  would,  in 
.  all  probability,  be  fired,  as  the  whole  force  of  the 
;  spring  would  bo  in  the  cap  instead  of  being  held  back. 
'  6.  Tho  breech  -block  works  on  a  small  pin,  and,  should 
;  this  pin  be  too  soft,  it  would  soon  wear  loose  and  ren- 
der the  block  still  more  dangerous,  by  causing  it  not 
I  to  support  the  disc  of  the  cartridge  even  at  the  point 
I  already  named.  If  too  hard,  it  would  be  liable  to 
I  snap  under  the  influences  of  the  weather;  the  blows 
given  by  the  consUnt  firing  would  also  alter  the  na- 
ture of  the  iron,  by  causing  it  to  return  to  its  crys- 
talline state.  7.  Extracting  the  empty  cartridge 
case  is  effected  in  this  arm  by  giving  a  smart  pull 
forward  to  the  trigger-guard  when  opening  the 
breech.  If  at  any  time  the  pull  is  not  sharp  enough, 
the  cartridge  ease  sticks  half  way,  and  oannot  be  got 
out  of  the  chamber  without  using  the  ramrod,  and, 
on  the  other  hand,  should  the  pull  be  too  hard,  the 
empty  ease  is  apt  to  be  sent  into  the  face  of  tho  sol- 
dier firing,  or  that  of  his  rear  rank  man.  8.  The 
stock  of  tills  rifle  is  in  two  parts,  which  must  weaken 
and  unfit  it  for  the  rough  usage  of  actual  service.  On 
the  whole,  we  are  assured  tnat  this  arm  is  no  im- 
provement on  the  Peabody  rifle,  which  has  already 
been  rejected.  Nay,  inasmuch  as  it  has  the  manifest 
disadvantages  of  the  spiral  spring  action,  the  latter 
weapon  is  held  to  be  superior,  and  it  is  maintained 
that  a  rifle,  on  a  bolt  principle,  will  be  found,  for  a 
military  weapon,  more  safe,  simple  and  effeotivey 
conclusions  which  have  been  arrived  at  by  two  of  the 
greatest  and  most  scientific  nations  on  the  continent 
— France  and  Prussia.  There  can  be  no  doubt  that 
the  Henry  barrel  is  a  most  accurate  one,  but  whether 
it  is  well  ailapted  for  the  rough  usage  of  a  military 
arm  is  a  moot  point. 

In  Prussia,  says  the  "Journal  Oflieial,"  the  resulti 
of  a  comparative  trial  which  took  plaoo  in  the  School 
of  Musketry,  at  Spandau,  amongst  the  breech- load- 
ers adopted  by  the  different  armies,  were,  according 
to  the  oflioial  report,  the  following:  The  Prussian 
needle  gun  can  fire  12  shots  a  minute,  the  Cliassepot 
II,  the  Snider  10,  the  Remington  (Denmark)  14,  the 
Peabody  (Switierland)  13,  the  Wocnsi  (Austria)  10, 
the  Werndi  (same  Sute)  12,  and  the  Wioeheiter  re- 
peating rifle  (United  States)  10. 

In  France  the  failure  of  the  Chassepot  and  needle 
guns  is  announced.  A  correspondent  of  the  <<Army 
and  Navy  Gasette'*  says:  The  French  and  the  Prus- 
sian Governments,  after  repeated  experiments,  car- 
ried on  at  a  great  cost,  have  arrived  at  this  conclu- 
sion, and  admit  tho  fact — that  the  Chassepot  and  the 
needle  gun  (both  on  the  spiral-spring  principle)  are 
useless  for  the  central-fire  cartridges,  which  they 
have  now  determined  to  adopt.  Another  authority 
informs  us  that  tho  French  Government  have  ceased 
to  manufacture  the  Chassepot,  and  taken  to  the- 
Uominpcton  instead.  The  Remington — the  only  rifle, 
by  the  way,  which  Prussian  military  men  think  su- 
perior to  the  Ziindnadel — has  been  likewise  intro- 
duced into  the  Danibh  and  Swedish  services. 

AMERICAN  RiFLRS  ABROAD. — During;  the  past 
year,  Messrs.  Remington  A  Sons,  of  Ilion,  N.  Y., 
have  made  86,000  of  tho  **  Remington  "  breech-load- 
ers of  various  styles,  to  fill  foreign  orders,  and  are 
now  engaged  in  the  manufacture  of  40,000  <<  Berdan" 
breech-blocks  for  a  Spanish  contractor,  to  be  used 
for  the  conversion  of  old  muszle-loaders,  or  to  be 
applied  to  new  guus,  in  Spain.  Wc  learn  by  a  letter 
from  Paris,  written  by  one  who  ought  to  know,  that 
urders  are  expected  shortly  from  various  European 
governments  for  about  a  million  and  a  half  of  broech- 
loader:«,  and  five  hundred  millions  of  cartridges.  The 
greater  portion  of  these  orders  will  doubtless  come  to 
this  country,  and  Messrs.  Remington  will  undoubtedly 
receive  a  large  share. 
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WAR  R0CI.BT&, — At  A  Ttaxui  meeting  of  the 
Maocbcetcr  Lit^nry  and  FbUotopUic&l  Societyj 
ft  pAper  wna  rvad  im  war  rocketa  bj  Mr.  J.  Nusiuyth, 
C«  E*     Mr,  Nasmyth  obaerTed:     It  may  bo  w«»ll  to 
•llltile  to  tbo  tncana  thttt  btivc  been  employed  m  tbe 
9ud«avor  to  sucure  to  w»r  rocket*  rifle  sotion  or  pr©* 
eition  of  flight.     Thtse  coD^flt  in  pUciog  tho  rocket 
in  ft  V- shaped  trough,   by   trbich   the  direction   find 
iHGrmiiticn  &f  tbe  tucket  ia  tuitably  necured  previoos 
to  GommPDcing   it^a   fligUt^    »od  so   far   huldtag  tbo 
rocket  fnir  in  tbe  direction  of  tbe  object  ftimed  ml. 
Betidfli  thiii,  an  cndcavur  u  made  to  give  tbe  rocket 
ftxiftl  rotation  during  its  Aigbt  by  cauAing  tbe  propul- 
eir«  ga«ejit  while  ijr«uiDg  at  tbe  reur  of  tbe  rocket,  to 
ruab  tbrotigb  «k6W  bolea*    Tbifl  latter  mrrangeuient 
dotst  to  a  certain  extent,  give  Lo  the  rocket  ajiial  ro- 
tation.    But,  as  axial  rotation,  given  by  jueb  tueanis 
doefl  not  come  into  eHectire  operftlit>n  nntil  ibe  rooket 
lia«  proceeded  a  long  way  on  its  coursoi  it  oomes  into 
Action  too  late  to  have  any  influence  in  securing  pre- 
oiaioo  of  flight.     In  order,  then,  to  effect  our  objtict, 
1  plaoo  tbe  rocket  iniide  a  tube,  into  ivbich  k  slides 
fruety;  to  tbi«  tnbe,  which  <ierve«  to  secure  the  aim 
of  tbe  roeket,  I  give,  by  mechanical  means*  an  axial 
rotation  of  fome  tboa^iands  of  re  oUitions  per  loinote, 
which  ta  tranimitted  to  the  rocket  then  rcitting  within 
i(t     The  rocket,  white  thn»  revnlviog  on  ite  axih  at 
the  high  velocity  above  named «  in  then  fired,  and  m* 
rusbea  forth  from  \U  gnido  tube  iniprefecd  with  all 
tbe  conditiona  of  a  perfect  riile  projectile,  and,  a* 
suob,  with  erery  oonditiou  prcaent  that  can  nconre  it« 
reaching  the  object  aimed  at.    The  mocbanicut  mean^ 
and  arr»ngeracnti»  by  which  I  piopoee  to  effect  the 
object   in  question  conaiit  of  a  euitable  iron  Atand, 
BU[]pnrting  the  rocket  and  tU  guide  tube,  the  latter 
reating  on  loose  friction  wbeeli,  which,  while  preerrv* 
ing  with  the  utmoat  extictnese  the  direction  of  the 
ftxia  of  the  guide  tube  and  rocket,  permita  the  gtilde 
tube  and  rocket  to  revol?e  on  ite  axiit  with  all  due 
facility.     The  requisite  amount  of  axial  rotation,  ie 
conveyed  to  tbe  guide  tube,  and  thence  to  the  rocket 
renting  within  it,  by  moana  of  a  powerful  clock  spring 
tranvrntttiug  tt<  rotation  to  the  rjcket  through  a  ira  n 
of  wheels.    Frevioua  to  firing  the  rocket  the  second  of 
thif  train  of  wheels  ia  locked  by  a  catch  or  trigger; 
the  etriog  is  then  wound  up,  and  the  aim  and  eleva- 
tion uf  the  rocket  adjusted.    The  match  of  tbo  rocket 
ia  then  lighted,  and  in  order  to  secure  energetic  com- 
buation  of  ihc  rocket  ere  it  ia  allowed  to  ru«h  forth  on 
it«  course,  the  rocket  is  held  in  cheek  by  three  slight 
springs  within   the  guide   tube  at   the  roar  of  the 
rocket,  by  tncanj<  of  which  it  h  not  peroiitted  to  rtuih 
forth  until  the  proper  energy  of  aiseharge  of  prupuU 
fli^e  gasea  has  been  acquired.     As  mxtu  as  this  is  the 
caM  the  rouket  frees  itself  and  then  rushes  forth  iu- 
prwsed  with  and  posjies^ing  every  condition  of  a  true 
ilf«  projectile,   combined  with   all  those  important 
properties  which   rockets   possess  aa  implements  of 
war- 


As  to  the  Armstrong  guns,  the  **  Arr>fi  tn<ii  T*%rf 

Journal  "  says  :   The  Eaglifb  War  !»- 

ipemiing  millions  of  monvy  on  the  Ar 

loAdinf^'Wronght-iron-coJi -rifled  ^01 

inventor,   and   growing   almost  wild 

have  now  finally  abandoned  tbr^  Ia 

Armstrong  syatcm.     It    may,      ' 

away  ainuog  the  relies  rf  the   j 

loyal   Americnmi,  it   will    ^"    - 

Armstrong  inft^ction,  and  ^ 

of  money  to  present  a  but; 

in  tbe  eorly  part   of  the    war*     Ih 

grieved  that  we  bad  to  trust   to  our 

bore  iuuEiIe*1oaderf,  when  aoch  a  tr 

Icry-maklng  was   in   existence.      A^ 

(present)  lingltsh   friends    and    firln 

even  more  liberally  to  furnish  tb-  1.4 

thc5e  gnn%  and  others  got  intu   '  *  \g 

various  ways,  so  that  they  med 
and  then  when  we   took   a  Cos. 

And  yet,  alas!    their  cour«ie  i* 
British  War  Office  bai  iiiued  an 
purpG«e    to    withdraw    all    tbe     ' 
guns  and  substitute  muzsir  ^^^ 
**  Engineering"  that  the 
tec,  at  the  request  of  the  c 
iiun  Factories,  bad  been  t; 
partment  to  decide  on  the  j 

which  the  l2-pouoder,9-puu 

mutxlo-loadihg  gnofr,  estimated  tor    1 

be  manufactured.     They  replied,  snlj 

retary   of  Stalo   for   War's   appnivsl,    ihht    in.   ?*- 

pounder   and   U- pounder    guns    should   hv  matt*  il 

accordance   with    the  traeingi    alreatU    .rt, »,..,, J  u 

guide    the    manufacture    of    tfae    eX| 

pounder  rautxie-loadtng  gun,  recent! -. 

buryness,  with  a  view  to  the  determiD  > 

mentu  of  rifling  for  these  guns,  as  well  .t- 

pounder  and  H-i»oandtir  cxpetioieniat  g.^ r 

trial  on  hoard  Her  M^josty't  ship  Exorlieci 

T^UKOPKAN  Ihox-Clad    Flji  ii 


FAILURE  OP  Labrb  Breech-Loadixg  Cax- 
ifoN.* — ^Suys  tbo  **Army  and  Navy  Qasettc'^; 
Dbere  are  serious  rnmors  abr-oad  respecting  the  new 
XBarine  artillery.  Somewhat  more  than  a  year  ago 
FtaiMe  arrived  at  a  different  conclusion  to  that  of 
lonott  other  nations,  and  **^  went  in  ''  for  largo  breech - 
loade^rs,  with  which  ^he  immediately  armed  her  fleet. 
The  brooch  would  bo  diflicull  of  de»criplioin  suffice  it 
to  eay  that  it  ie  unlocked  and  removed  on  a  movable. 
ttlat(<irm.  In  a  great  many  instances  this  apparatus 
has  broken  down  during  practice,  and  several  guns 
h%vc  been  altogether  condemned.  The  atrain  of 
heavy  charges  ha$  proved  too  severe  a  tost  on  the 
meohamsm,  which  gets  out  of  order,  and  renders  the 
pieee  diffiealt  to  be  loaded  or  entirely  usclose. 


Uerman  iron>clad  fle^t  consi.-  ii 

two  cupola  ships  with    3   guns,    l^.*  i| 

10   and   one   mounting   24   guoa.     All  r| 

rifled  breech-loaders  of  Prussiatt  cr-!t>  >  j  .ut 

of  the  ships  are  of  iron.     The    !  ^u,  tibs 

largest  of  tbe  five,  has  a  toof.agv  1  ca«iaai 

of  l|1^0  nominal  horse  power,  lii^  .u..  •up«p«i  lie 
plates  used  for  theaa  vetftvlj  Tartad  froa  l|  It  i 
inches. 

'♦Les  Luttes  de  I'Autrioho  ea  1,hA«,"  lately  f^* 
liahedt  states  that  the  Anstrian  sea-going  tnifl*s]a4 
fleet  consists  of  two  frigates  of  the  first  clasi,  throe «! 
the  seoord,  and  two  of  the  third,  The.v  i%rry  as 
i^fffTcgate  of  213  guns  and  2«&^2  men.  There  is  ab« 
an  iron -clad  battery  of  position,  wtt\  an  ariuanical 
of  sixteen  guns  and  a  crew  of  32V  inoo.  The  sast 
publication  gives  the  strength  of  the  t»^)->'  ire^* 
clad  fleet  at  four  frigates  of  :i6  gon#,  f  4fiA 

three  of  22  guns  each,  one  ram  with  2  ^e* 

vettcs  of  20  gun*^,  two  s'oops  of  4  314- 

teries  of  12  guns  each — in  all  «tg^  itk 

an  armament  of  SbS  guns  and  an  ^^  i^t  -  - »*i* 

men. 


•Se«'*  Ordnance  at»d  Armor,"  paffrt  5SU  and  W«,  for  iTe- 
iwXrt'*  ***'**'**'  ««»>«>«ud  preilicieEt  tfUitore  of  large  breech- 


mado  by  Krupp  for  thti 
the  largest  breech-loader  thai   :....   .  . 

tical  test.     The  gun  weighs  2ti  tona,  ar 

ponderance.     The  rifling  is  30  groov**? 

in.  pitch,  U.136  in.  deep*  and  u.Gt 

(chamhur)  wide.     The  prr>j(rtile  v 

charge  82 i  lb.,  giving  an  initial  vv     . 

per  seoond.     The    number   of   test    roui 

with  substantially  the  above  chargee.      I 

and  the  Belgian  liovernmcuts  hava  latciy  i'tdciedl 

large  nitmbor  of  Krupp-i  V>ioch  gu&a. 
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pH«  GOVXBKMEXT  AKD  IkVKNTORS.— The  fol- 
L  lowiac  eircaUr,  ifsoed  by  the  British  Govern - 
MDfc*  will  be  specimlly  intereating  in  view  of  the  onr- 
m%  iATeatlgmtions,  report*  and  geneial  excitement 
I  tke  •vbjeet  »iBong  inventon  interested  in  improv- 
^  war  mmtcruil : 

**  In  coniequenoe  of  the  numerous  cUima  for  com- 
numtioD  for  Iom  of  time  and  for  expenses  incurred 
f  jiriTmte  individuals  in  working  out  invGntions  of 
■rions  kind*,  as  well  as  for  rewards  in  consequence 
Tmeh  inventiuns,  the  Secretary  of  8tHte  considers  it 
■  Mill!  to  make  known  the  following  regalations : 

**  1.  Penone  who  desire  to  submit  any  invention 
IT  coBtidcration  should  do  so  by  letter,  addressed  to 
be  UBd«r  Secretary  of  State.  The  letter  should  de- 
iribe  the  invention,  and  state  whether  the  person 
iho  offen  it  for  consideration  desires  to  make  any 
laiB  to  remuneration  in  connection  with  it.  In  the 
h—mce  of  aueh  a  statement  it  will  be  assumed  that 

•  sneh  remuneration  is  expected. 

**  2.  Expenses  incurred  before  the  submission  of  an 
irention  will  not  be  considered  to  give  a  dsim  for 
tp^yment.     No  liability  on  behalf  of  the  public  will 

•  recognixed  on  account  of  loss  of  time,  or  expenses 
nearred  in  connection  with  an  invention  after  such 
■kmission,  unless  authority  for  such  expenses  has 
«e«  previously  given  by  letter  siKued  by  one  of  the 
/■der  Secretaries  of  State;  and  the  liability  will  bo 
trietly  confined  to  the  limits  of  expenditure  author- 
■ed  in  rack  letter. 

■*3.  All  claims  for  reward  will  be  examined  by  a 
Nmncil  to  be  held  at  the  War  Office,  and  if  any  re- 
rard  be  recommcnJcd  by  the  council  and  approved 
fj,  the  Secretary  of  State,  the  sum  will,  with  the 
■aenrrenco  of  the  Treasury,  be  inclu«led  in  the  esti- 
nates,  together  with  the  report  of  the  council ;  but  it 
rill  not  be  regarded  as  due  or  be  paid  to  the  clsimunt 
Btil  aftci  the  vote  is  passed  by  the  House  of  Com- 
■ona. 

*'4.  No  claim  for  reward  will  be  held  to  bo  cstab- 
Isked  unless  the  invention  has  been  adopted  into  the 
lervice  or  substantial  benefit  to  tho  public  has  re- 
nlted  from  it.'' 

TBI  Armies  of  Europe. — The  following:  state- 
ment of  the  nominal  strength  of  the  aruiies  uf 
CoBtinental  Europe  was  nut  long  vince  given  by  Baron 
Kahtt,  in  the  Austro-Uungarian  Parliament  : 


France. 

krmj 

Mobile  Nation- 
al Guard.... 


800,000 
550,000 


ToUl 1,. 350,000 


I        Austro- Hungarian 
Monnrchy, 
Regular  forces, 
iiichrg  navy 
k  retivrves  ..       800,000 
Border  troops  .         5:i,uuu 
Luudwebr  ....       200,000 


Sortk  Gtrman  Bund, 
Biaatiing  army      &4:i,3d4  I 
Landwchr  ....       Ih0,j62 


Total I,05;i,0u0 


Total I,02»>,if40 


Snmth  Gtrwiany, 
Standing  army       15<,7G0 
Landwcbr  ....         43,411 


Rustia, 
Field  army  1  in- 
cluding army 
of   ihu    Cuu- 

ca.xiia 

local  forces  .. 
Irregiilurs  .... 


827, 
410 

22y, 


n5o 

427 
223 


Total. 


Total 1,407, 

Italy 


000 


Atrf  A  and  Stmih  Germany 

together. 
XoUl 1,229,117 


200,171  I  Army 343,461 

Mobile  Nation- 
al Iruard,  in- 
cluding Ve- 
netia 132,300 


Total. 


480,401 


rrHE  MoxcRiEFF  Ststem. — We  are  glad  to  be 
-L  able  to  announce  that  the  Moncrioff  contrivance 
for  mounting  heavy  artillery  has  been  definitively 
accepted  by  the  Government.  '  Hitherto,  as  our 
readers  are  aware,  a  64-ton  gun  is  tho  heaviest  which 
has  been  mounted  on  this  system;  but  if  it  ia  to  be 
really  useful,  it  will  have  to  be  employed  with  much 
heavier  ordnance,  and  steps  are  to  be  taken  at  once 
to  apply  it  to  a  12-ton  gun,  as  a  step  towards  its  fur- 
ther development.  Captain  Moncrieflf  has  bfen 
treated  with  a  prompt  liberality.  He  is  to  receive, 
first,  a  sum  of  money  sufficient  to  cover  the  cost  of 
his  models  and  his  preliminary  expenses.  Secondly, 
he  is  to  rvoeive  payment  for  the  time  that  he  has  de- 
voted exclusively  to  the  public  service  (about  two 
years,  wo  believe),  at  the  rate  of  £1,000  per  annum, 
which  rate  of  pay  is  to  continue  so  long  as  Captain 
Moncrieff  is  engaged  in  rendering  assistance  in  mak- 
ing and  completing  designs  for  the  application  of  his 
system,  and  in  superintending  the  construction  of  his 
oarriages.  Thirdly,  he  is  to  receive  £15,000  as  a  re- 
ward for  the  invention,  and  for  the  use  which  may  be 
made  of  it  in  Her  Majesty's  service,  either  afloat  or 
ashore,. in  any  modification  or  combination.  Captain 
Moncrieif  on  his  part  is  required  to  undertake  to  com- 
municate fully  and  unreservedly  all  improvement! 
which  ho  may  deem  practicable;  in  fact,  to  give  the 
benefit  of  his  knowledge  of  this  particular  subject  to 
tho  country.  Of  the  sum  of  £16,000,  £10,000  is  to  be 
paid  at  once,  the  remaining  £5,000  when  the  inventor 
ceases  to  draw  his  salary  of  £1,000  a  year.  These 
terms,  we  say,  are  liberal,  and  no  doubt  they  will  so 
bo  generally  regarded;  but  they  are  not  excessive.— 
Engineering. 

THE  Palmer  Shell. — A  scries  of  trials  with 
a  new  shell,  de.nigned  by  Mr.  Palmer,  have  re- 
cently been  commenced  at  Shoeburyness.  The  shell 
is  formed  with  a  solid  head  and  a  base  plate,  tho  in- 
termediate body  being  built  up  of  a  series  of  ring! 
with  serrated  edge,  which  fit  closely  one  upon  the 
other,  and  together  form  a  short  cylinder;  a  through 
bolt,  tapped  at  each  end,  pat<sc8  through  the  solid 
head  and  the  hudy  of  the  shell,  and  is  bolted  to  the 
ba:<e,  holding  the  whole  together.  At  the  upper  end, 
channels  are  cut  in  this  bolt,  to  receive  the  fuse  and 
c<immunicatc  the  firo  to  tho  bursting  charge.  The 
upper  end  of  tho  through  bolt  is  nui  flush  with  the 
point  of  the  shell,  but  i:$  recessed  sufficiently  to  allow 
of  the  introduction  of  the  fuze,  which  therefore  abuts 
upon  the  top  of  the  bolt,  and  cannot  be  driven  into 
the  shell  at  the  moment  of  impact,  as  happens  at 
present  in  the  scivico  ^hcU.  Two  formn  of  shells 
were  supplied  by  Mr.  Talmer  for  the  tir««t  trials  at 
Shoehurync^<i<,  the  one  having  a  conical,  the  other  a 
hemispherical  head.  The  bursting  charge  was  in- 
t  oduced  thruugh  a  hole  in  the  bottom  plate,  which 
wat«  afterwards  closed  with  a  gun-metal  plug;  the 
shells  were  tired  from  a  64 -pounder  rifled  muzslo- 
loading  gun,  with  the  service  charge  of  8  lb. 

rrEX-ixcir  Armor  Plates.— Tho  10- inch  rolled 
J-  armor  plHtcf  tor  protecting  tlie  four  22-ton  600- 
pounderH  which  will  be  mounted  in  the  two  turrets  of 
the  iron-cliid  armored  turret  ship  Monarch,  7,510 
tons,  1,100  hor^c  power,  have  arrived  at  Chatham 
dockyard  from  ^^hefficld.  The  plates  are  the  largest 
ever  yet  operated  npon  at  Chatham  dockyard,  each 
being  10  ft.  in  length,  and  weighing  rather  more  than 
12  tons.  The  process  of  bending  the  plates  has  been 
carried  out  by  nican^  of  Westwood  an»l  Baillie's  pow- 
erful hydraulic  plate-bentling  machine.^,  each  plate 
having  been  bent  to  the  arc  of  the  circle  it  is  to  occu- 
py on  the  turrets  without  giving  signs  of  the  slightest 
llaw.  The  plates  will  los^e  about  two  tons  each  whilo 
in  the  factory,  the  :<paoc  occupied  by  the  turret  gun 
ports  being  cut  from  each. 
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TVToTK'^  "!»  Cnrsp  HAfuwKr^. — The  following  ob- 
ll    ^  1      '     ipm»*eAaxdL^Gior4,C'.E., 

oti  tl  frum  the  **  Cilr^eH||tnHl• 

*lIl/  \ym  itt-  ►i  iJiLi-iL?*  io  OLiuy  of  ottr  rodidcn*  ml 
the  presrut  jiiuiiicnt : 

A  fiiUwdy  \n  determined  by  two  elements,  which 
Arc,  to  A  ctfrtaiti  exteiiif  mduinindeut  of  each  utht^r. 
namely,  the  weight  of  mits  aud  the  g^iigu  ;  thr 
W\.'ighi  of  nuU  dc-t*.Tmiric*  lh»t  of  the  eiigiae*;  the 
^Aii^M  deterniiiics  ( lc<:^ irdiiig  to  the  iiHUvd  ppoed 
.  '         '  '     -  of  the  curve«i.     On  the  |iriii- 

il  and  the  Cuutuierit,  the  fjiih 

v.,  .^ rtTMtiU's  per  mt^ter   (7'2\  \U. 

|KTy»rd)j  und  s  weighing  12  to  i:^  toiw 

|K'r  iixh-'j  the  g     ^  "*ut  LoU  meten*  (tiejirly  5 

ft),  Ihn  Fiwlius  oi  the  curves  being  limited  eonse- 
queutly  to  oUO  meters  (io  chains)  on  lines  oi'  r.ipid 
traticj  and  to  3t»0  meiem  i^W)  yards)  on  brHndi 
line*.  The  aver^igc  coat  of  Ihejie  lines  b  frum 
SUO^OOO  to  dOU,00O  fr^incs  per  kilometer,  i  e.: 

Per  kilometer.  Per  mile. 
For  the  great  EugHsh  lino*,    &45,OUOfr.      £35.0011 

**  Freneh .     au5,tfa6  ll*.tS  47 

*^  Belgian    ,.,,     230,000  15,000 

In  nuthorijsittg  the  constrttction  of  IocaI  iatere«ft 
lineji,  the  French  Administraliou  has  umially  stijH!- 
iMted  (it  teost  ait  a  conilttion  «if  tlie  St4te  or  de- 
pirtment  jiuWnly)  ihait  the  great  lineji  should  have 
jn^ver  to  nm  iheir  c;irri;ip?»  over  themj  thb  cUmv 
hi«  mude  the  jfcuige  of  L50  m.  conipnlsoryj  to- 
giHher  with  a  uuiihnmvi  weight  of  rail  of  18  kikm 
pLT  mct<T  i^^j\  lb.  per  yard)*,  but  it  i!«ofjij  becjme 
ncccjwjry  to  tmv  this  weight  to  25  kilos.  (jOJ  lb, 
pLT  yar«l)  in  order  to  »dojit  Nnlficiently  p<»werr*ul 
miginei}.  The  g-mgc  being  1 .50  m.,  it  wo*  necess-iry 
to  limit  the  r:idins  of  curves  to  300  mcteri*,  so  im  to 
Avoid  nn  excessive  retiistimce.  To  such  eoudilion*, 
the  cctsi  per  kilometer  is  mjually  between  100,000 
tind  110,0^*^*  triiiiCH  (£«3»44(J  iier  mile),  ll  c-\n  be 
reduced,  bnt  not  with  sifeiy,  to  00,000  fruncA 
(£3J,l»'J<)  i>^r  mile),  A  frequent  cuuse  of  excessive 
prices  U  thi*  cnuimou  prejudice  against  gradients,  to 
rtnliiee  which  exiK-nsive  viiiductfl  and  works  tire 
incurred.  But  if  engineers  adopt  steep  gr;idienla, 
iiud  especially  iC  they  avoid  joining  the  new  liuus 
with  the  old  unes^  they  can  reduce  indeiniiely  the 
gAuge  nnd  width  of  rails,  and^  cotiSLV[Uonily,  the 
price  per  kilom<.'ler.     For  ja.HUince  : 

1 .  The  railway  from  Breeithal  (PrusJiia)  :  giiugc. 
0.78  meters  (^^ftJi  weight  *>f  ruils,  10|  ktht**.  jH^r 
meter  (21  lb.  per  yanl)i  cost.  2:10«XV  fraiics,  in- 
clnding  rolling  stfK!k;  the  radius  of  curves  is  3S 
mettirs  (I U  yards);  the  line  Is  20  kilometers  (12 i 
mile*)  long  J  it  occupies  one  side  of  the  c  trri:igc 
road;  tin'  engines,  loaded,  and  re^idy  to  start,  12 
toui,  with  0  wheels. 

2.  Uuilw^iy  of  the  sTigir  work*  (k^etroot)  at 
Tavi*ux-Pout«^*nc(ntrt>  in  the  departmeat  of  Aisne  : 
tw*j  railways;  gaugt^  1  m-'ter  (H  ft.  HJ  in);  width 
of  rail,  13  kiUw.  pt^r  meter  (2f»|  lb,  per  yard);  cost, 
2^. 'MR*  francs  (£l,HUO  per  mile),  Including  all  wtock. 
F.UiZines  on  four  wheels  wei;fh  7^  tons,  loaded;  ra- 

irves.  J^O  and  to  meters  (Hli  and  it  yards). 

t  is  very  rujrir'*d;  <he  sectitMi  shows  fre- 

^      Jienls  of  O.m  "i  to  0  025,  then  long  gradl- 

r;,'.  oi   (» UoO  ami  0.000,  and  even  one  of  O.OTo? 

I,      i  bTT*ili  of  8tK)  meters  (3!i0  yards.)     Messri. 

mI   Prosnier,  eaj^ineers  of  the  line,   nnd 

uf  tho  Bugar  wiirks,  might,  but  for  the 


exceptional  natarat  dillkn  f ♦  fr-^ ,   foTff  TrrpiTtil  i 

Cimi   U>  20,000  fninw   ( t 

liue«i  »re  made  on  tlic   - 

vicijr  '  '        The  Itgul 

nec«  i.\  were  oi 

the       .    .„,.i.,:ii.A ''   con**e3.-4.*^    ..    .*.^.....  ,.  . 

eiunpmy  a  strip  of  lat»«l  of  1  meter  in  wldlft  t 

side  of  the  road,  with  power  t^*  .idfl    1  mt^rf  1 

The  two  railways  of  TaV4iux-P 

(wo  villages,  withoiii  cAnHking   .. 

the    I  P;  .ral    tonirilrin-    *_.]  ( 

•itru  i  .  d   for  tlie  grvA«a£i  j 

the  I. 

McH^r-,    1  ,  in  their  ExhiKi. 

report* : 

3,  Four  NorwegiAn  railwiynT  ?piii^  f  ^■•ii 
(3  ft,  tt  in.);  weight  of  ndl,"  1!" 
48  lb  per  yard);  weight  of  ei 
bwdedt  17  totLs;  total  leugth  ut    um-^    «v 
tern  (18tj  milcii.j 

4,  Commeutry  Aod   Monttaeoti  ljtu»:    ^^  ^ 
meter  (H  Ci'A^  in), 

5,  Antwerp  and  Gand  line  t    (nn?rr.  1  15  Brt-i 
(3  It.  il^  in).     10  train*  run  'I 
s}M?ed  of  from  40  to  i^O  kiloni 
per  hour).      In   tKH5,   nearly    iMfu,*M* 
were  conveyed  on  it, 

0.  M<«iiid*Rac  Hiilway,  est0^n.).-,i  i.* 
leans  Hail  way  Company:   giuj 
weight  of  raiU   y^^  kilos,   fier 
yard);  radius  of   cnrveSf   40 
weight  of  engines  (four  wlii^d>  ► 

7.  Fevithiitig  ii«idway,  twvr  « 
0.01;  \reight  of  rail.  15  kilos 
lers;  gradienlis,  0,0l(i7;  nwlius  m  .  li 
weight  of  engines^  li»aded,  7|  Itinn; 
10  kilometers  per  hour.     From  !>*• - 
line  WAS  worked  by  li'irnes.     By  n 
engines,  the  working  ex|»enseji  havc 
22  |>er  cent. 

This  line  is  completely  described  in  iht 
eer  ■*  journal. 

8.  Lintj  built  by  Mr.  Ranutbuttoin,  C.  E,,»llli 
Crewe  Works  of  the  North  Western  iuamf: 
gauge.  O.ltj  meters  (I  ft.  7  iuj;  mditts  f^frtim^i 
meters  (4^  yards);  sjiced  of  train,  !0  k(toiiiin«ti(l| 
miles  per  hour) ;  weight  of  cngimn*  (4  iihfrl«)r  It 
ton,  A  similar  railway  on  the  a(c^^ltm^n^  oC  a  rw 
would  certainly  not  cost  15.000  fnuiea  y^  kilnoMltf 
(£l.lKH»pL*r  mile). 

W.  The  M.»nt  C^nis  R  i'^  - *'    ~'  nil, 

invented  formerly  by  M-  -  liM 

by  Mr.  Fell  :  g^mge,  1  1 0  u:  ,    ^ : .  _  ^  ., ^ jlJiH, 

0.045. 

Among  tho  tyro»d  gmuge*  mllw&yS;  U»  chiapnl 
are : 

1.  In  Scotland,  accorflinf  tA  &  Hwin  anfffsf?. 
Mr.  Bergeron,  ten  cheap  :    '  '  it  \w 
to  30  ktbuiieters  (ti  to  1  111 
rolling  stock,  from  73,00i»                     . . ..... ^  \  -t  Ji 

to  X9,4O0  i>er  mile),     h  len  yiM$n9$ 

others  have  proliably  becii 

2.  Vilr^^  mid  Fcrngen  -  t^fi 
(224  miles)  in  length;  CI >ti  -^ffi 
at  the  rate  (tf  67,oOO  francs  (LIIlM*  p.r  inuvj,  w 
cludiug  all  eitock.     If  the  directors  hjul  nut  1m^  tl« 


•There  is  only  on*  f(aa|r«  '«  »>*«  ofttm 

«f  Frnitcfl,  narnelir,  1.41  i^- ' '  '''    ' ' 

b»roiiiiJ  OA  CMjnpari*d  la  ih 
fcrcnl  from  wtiat  we  cull 
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lie  idem  of  connecting  this  line  with  the 
they  ooald  have  reduced  the  exi>enditare 

fnncs  (£3,600)  per  mile. 

loTe  iDsUinces  are  sufficient  to  show  the 
of  oonHtmcting,  as  French  comiianies  arc 

w,   unproductive  railways  at   a  cost    of 

ramcs  per  kilometer  (£26,750  per  mile). — 

OF  oc»    Railways  —  Cossumption  of 

0. — ^The  foUuvtiug  statistics  arc  from  the 

uid  interesting  rei>ort  of  Henry  McAllister, 

-etary  of  the  American  Iron  and  Steel 

un: 

MUes. 

ber  of  miles  of  railroad  (includ- 

rood  track,  sidings,  &c.)  in  use 

ber  Slst,  1868 62,6«) 

iTCMne  for  10  years  ending  De- 
Slat,  1868 16,686 

rease  for  last  5  years 0,448 

annual  increase  for  the  last  10 

*     1,654 

number  of  miles  in  use  for  10 

tnding  December  Slst,  1868  . . .         43,128 

Tons. 
aired  in    laying  43,123   miles 
ed  at  90  tons  per  mile,  3,781,070 
rbich  at  6}  per  cent  for  aver- 
inual  wear,  gives  iron  required 

lewal  of  track 259,948 

aired  for  last  10  years  for  re- 

( track 2,599,480 

aired  for  last  10  years  for  new 

16,636  miles,  averaged  at  96 

wmile 1,587,456 

cuumption  of  railroad  iron  for 

•  years 4,186,986 

is  im|>orted  for  10  years  ending 

W,  1  »t»8 1 ,015,685 

of  rail?  manufiictured  in  the 
I  States  during  the  last  10  years .    8,171 ,251 
<|uautity  of  rails  imitorted  per 

I  for  last  10  years 101,568 

domestic  production  per  annum 

(  10  years   817,125 

'erage  annual  consumption  for 
}  yearn.  (About  62  per  cent  of 
msumiition  of  rails  is  required 
wwals  and  38  i>er  cent  for  new 

818,693 
lion   of   rails  for    year   ending 

JOth,  1868 228,2 

ion  of  American  mills  for  year 

;  December  31st,  1868 506,714 

of  importations  on  average  of 

ITS 126,709 

of  domestic  pnxluction  on  av- 

of  10  years 189.589 

:ease  of  ainsumption  in  1868, 

lonual  average  of  last  10  years  .       816,208 

ns  to  Tx;  the  impression,  particularly  among 
HMC  observations  do  not  extend  beyond  our 
nnk  lines,  that  the  percentage  of  rails  worn 
Ing  each  year  is  much  greater  tlian  that 
•ive,  but  this  cannot  be  the  case  unless  all 
nates  tliat  have  been  made  of  the  number  of 
railroad  in  the  country  have  l)eeu  greatly 
ited.  It  must  be  remembered  that  whilst 
tbe  nili  oo  main  lines  near  our  great  rail- 


road centers  are  worn  out  in  a  single  year,  there  are 
thousands  of  miles  of  track  in  the  Southern  States 
and  in  the  thinly  settled  portions  of  other  sections 
that  last  over  twenty  years.  In  England,  the  actual 
waste  of  iron  rails  by  grinding,  oxidation  and  loss,  is 
said  to  amount  to  20,000  tons  a  year,  while  about 
260,000  tons  require  to  be  taken  up  and  re-rolled. 
As  the  number  of  miles  of  road  there,  including 
second  track  and  sidings,  may  be  safely  put  down  at 
28,000,  it  follows  that  the  average  wear  and  tear  of 
track  amounts  to  10.86  per  cent  per  annum.  Even 
in  that  country,  where  the  destruction  of  track  is  so 
much  greater  than  here,  we  are  told  that  on  some 
lines  of  light  traffic,  rails  frequently  last  twenty 
years,  while  on  lines  near  London  which  are  under 
constant  and  heavy  work,  many  miles  of  track  re- 
quire re-laying  in  less  than  twelve  months. 

BEiTisH  Railway  Aocidemts. — In  the  year  1867 
the  railway  companies  of  the  United  King^ 
dom  paid  £847,879  as  compensation  for  personal 
injury,  209  persons  having  been  killed,  and  795 
persons  injured;  nineteen  passengers  were  killed, 
and  689  injured  from  causes  beyond  their  con- 
trol, and  seventeen  were  killed  and  eight  ii^ured 
through  their  own  misconduct  or  want  of  cau- 
tion. Fifteen  servants  of  railway  companies  or 
of  contractors  were  kilU'd,  and  62  injured  from 
causes  beyond  their  control,  and  90  were  killed 
and  28  injured  through  their  own  misconduct  or 
want  of  caution;  ten  persons  were  killed  and  two 
injured  at  level  crossings;  57  trespassers  were 
killed  (six  were  suicides),  and  five  injured.  Jn 
the  six  years  1862-67  the  railway  companies  paid 
£1,460,668  as  compensation  for  personal  injury 
done  upon  the  railroads.  In  those  six  years  1,2()8 
persons  were  killed  upon  the  railways,  and  4,426 
injured;  and  among  them  were  112  passengers 
killed  and  8.897  injured  without  any  fault  of 
their  own,  and  97  passengers  killed  and  29  injur- 
ed owing  to  their  own  misconduct  or  want  of  cau- 
tion The  risk  of  life  in  railway  traveling  may 
be  expressed  thus  :  In  the  year  1867  one  in  about 
eight  and  a  half  million  passengers  was  killed — 
namely,  one  in  every  sixteen  millions  from  causes 
beyond  his  control,  and  one  in  about  every 
eighteen  millions  from  his  own  misconduct  or 
want  of  caution. 

NEW  Iron  Railway  Bridge  in  Italy. — MM 
Cail  &  Co.  have  contracted  with  the  lJpi)er 
Italy  Railway  Cmupany  for  an  iron  girder  biidge  to 
be  erected  over  the  Po  at  Pontelugoscuro.  The 
length  of  the  bridge  will  be  about  1,400  ft.,  with 
four  spans  of  247  ft.  and  two  of  206  ft.  It  will  la 
a  single  line,  and  supported  by  two  lateral  double 
lattice  continuous  girders,  distant  15  ft.  The  piers 
and  abutments  will  be  sunk  with  iron  caissons  and 
compressed  air.  The  weight  of  the  superstructure 
will  be  1,267  tons,  and  the  price  £24  i>er  ton.  Be- 
sides that,  the  price  of  each  pier  will  be  X4,720. 
There  have  been  for  this  contract  six  competitors, 
all  very  large  firms  of  France  or  Belgium. 

ECONOMY  OF  Railway  Transportation. — On  a 
common  road,  wheat  would  consume  \U  own 
value  if  carried  8-30  miles,  while  by  rail  it  can  be 
carried  8,000  miles  at  a  profit.  Railroads  multi- 
ply by  10  the  distance  from  any  grain  market  at 
which  its  wheat  may  be  raised.  The  same  re- 
marks apply  to  other  productions,  such  as  ores. 
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RAILWAY*  IN  Canada. — ^Afler  some  yeiirs  of  iu- 
at'tiorj  iJiP  mtijijl^  of  the  Caniidiiin  people  »ceni 
f  o  hv  H^a.n  umlergoing  agitation  im  the  »tibject  of 
raiUvnjs,  Wo  hsivf  s<.'vonil  tlnivti  in  ihiti  joiimul 
Hiiide  reforcTice  to  Ijie  }iropr»st'd  nurrow-g;iugc  Vmt*Sf 
BTjd  It  jippenra  tlitit  t\w  proinol<?r.s  ol'  thLiii  urt*  work 
ing  t'tiurgeli  ally  to  lU'coiiipliNh  their  ondM;  it  h 
hlncvn*\y  Ut  be  hopiHl^  howevt-rj  that  Ix'forc  tliey 
C4»me  to  Hctuul  eoii^truLtiou  they  h  ill  rtHjouaider  the 
whole*  maft4?r  and  dettTiaiue  to  adopt  the  gauge  of 
tlie  oouDtry.  A  CanadiaD  corre.*iioudent  writeb  to 
tuf  concerning  these  Iineii  ats  folkm's  : 

*'  One  thing  they  are  doing,  ht>wevor,  which  con* 
not  fail  to  pnxluce  a  healthy  feeling  In  the  priblie 
mttid,  and  to  conviticc  jwi-ople  here  that  if  they  wish 
for  railway  acc<»nirn<Mi3iti<nj,  theinst^lves  uin^t  lead 
the  %vay.  The  t'roiaoters  of  the  narrow *gnitge  lines 
are  thiiroughly  cauviussiug  every  riituiicii»ulity  inte- 
re»ted  for  aid  by  tjonuMCi*  to  their  i»everul  jirf»j<?cts, 
iind  they  are  meeting  with  a  large  mea^nre  of  suc- 
cess. The  i>riuciiile«i  they  are  endeavoring  lo  instil 
iulo  the  iuiod«  of  the  people  mity  Ix*  briefly  8f4ik'd 
us  mnler  :  That  the  lints  wiil  Ix?  a  va«t  and  inimetli- 
atc  jiervice  to  tlu*  dislriets  they  pa.^s  through  and 
will  4\cconiiJu*date;  that  the  eounir)*  h  Uk*  sparwely 
pt»piilated  to  warrant  the  aj§«(Tim]ititin  that  they 
would  pay  in  theniK'lves  us  a  efnnnjereial  iut-esl- 
tiient;  that  to  insure  the  const ruet ion,  at  least  one- 
third  of  their  estimated  con  I  Hlu>ntd  he  a  free  gift 
froiti  the  niimicipalities;  that  they  hi^tievc  and  hope 
one -third  more  can  l>e  raised  in  sfnek*  and,  if  so, 
thtit  no  dilfienlty  should  be  exjK'rieneed  in  raising 
the  reiuainitig  one-third,  in  tfie  debenlure  bond«  of 
the  road.  Whelher  they  are  right  in  the  laat  im- 
ppesMon  or  not,  it  in  not  ft^r  luc  to  Nay,  an  they  have 
Wued  no  prospectus  nnr  given  the  out>ide  i*nblie 
any  tnoans  of  judging  whiit  their  pmspects  of  truffle 
are, 

'*Tbc  Porr  Whitby  nml  Port  Perry  RoHway 
Bchenie  was  eharlered  at  the  aarue  tiiue  m*  t?ie  two 
narrow-gauge  mil  way  proJectSj  but  the  direetora  of 
this  line  have  wisely  eschewed  the  error  of  depart- 
iDg  froni  the  establifihed  gauge  of  the  country.  This 
road  will  be  alwut  twenty  mile*  in  length,  itN  JM^mth- 
em  terminus  in  Port  Whitby  on  Lake  Ontario,  and 
iti»  northern  terniiuus  in  Port  Perry  t»n  Lake  Seu* 
gog;  it  lies  wliolly  within  the  county  of  tintario, 
and  for  its  entire  length  will  be  ol  the  utmoat  value 
an  a  thoroughfare  for  that  inijiortunt  eounty^  and 
will  realijte  a  eoiiwiderable  anionut  in  bnial  aofl 
thori>ugh  t rattle.  But  the  .staple  trtide  of  the  liriu 
will  oou«i*tt  in  it«  trafflc  in  snwn  lumber,  Luke  Seu- 
gog,  with  Port  Perry  at  lti»  head,  forming  a  colled - 
jug  depot  for  a  vast  ehain  of  inhitid  lakes  and  rivers. 

.^•hf*«e  fchurey  al^ound  in  pine  tfuibi-r  of  a  ver)  valii- 
^\^\f.  ,|.,..  1  .,.ii,.t>      It  \i^  eMimated  thai  lliia  V{0*t  lum- 

►  berii  vill  for  a  long  series  of  years  yield 

largv  4  timber  tor  the  Anierieiin  nmrketi^. 

white  the  Uke^  and  rivent  alluded  to  allbrd  water 
coaveyarice  of  the  cheaj»eft  character  to  the  north- 
ern t<jrnilntiM  of  this  railway,  while  the  railway  itself 
nflbrds  the  !thorlc?t  **  portage ''  to  Lake  Utitarifi 
f  oio  whence  the  luml>er  will  lie  distributed  to  the 
varuiiiM  liiarkelH  in  the  United  Slates.  Already 
thw  direct or.H  have  had  written  ct>ntracts  tjflererl 
them  for  freight  fttuoiurttiig  to  forty  millions  of  feet, 
boani  meajiure.  of  sewn  himljer  annuiilly;  while  in 
the  prcKf}ieet  of  the  road  lieing  built  natueroup*  saw- 
niilin  are  now  Ix^ing  erected,  depending  on  this  rail- 
way m  an  outlet  for  their  manufactures.'— £11^11 - 


CIjwt  or  liitiTlsff  Kauw  A^t  ^-Tin   v» 
^  Brighton  Comj*) 
length,  and  had  co»«i  , 

£4it/2b0   per    mile,     bonjt'    tht^o   tU*   laiit^n 
doubled p  l»eing  now  3ti5  milo*,  aoj   ih*-  t»|i 
ruore  tbuii  doubled,  stain 5 
riiilliontt.     >o  less  tli;it  1 
capital  were  rai«»ed  i>etWL' 
without  inereusijug  the  gr 
ulkjui  15  per  cent.     Vet 
but  JLT,fJUU,tJ<X>  of  cujHtfl.1  riii>> 
were  upwards  of  j;G»r>j<KH>^  \\> 
twice  Miai  half  the  csipital,  ti 
but  i;i,lVlO.O(K),  or  by  but  lilttr 
The  wht/Je  HyKlem  ol  3G5  mile>  ni^  ouw  ^•  *j  1 
iloOftMXi  |»er  mile,  on  the  average  of  the 
exteniiiou*,  and  branches. 

It  will  not  be  long  uHer  the  mv 
nieot,  before  it  will  Ik?  ithowu   hi* 
althtjugh,  of  courWj  not   U'vojirl   . 
new  main  line  ean  \*e  made  u*   Mr^ 
eoNt,  inchiding  land  (the  t  ' 
llU.bW  \H.^T  mile),  of  onlj 
can   be  as  clearly  nhowtj   ..... 
k-tween  London  and  Brlghtoii  mil 

Act  be  oblaitR'd  tixing  tlie  t'ui 
*U.  for  the  50  miles. — En^nnring. 

BL^^lNOrt   or  THIv  "\\  -  '■'  :        '* 
ing  lo  theadcul 
iStatislieal  titlice  at    I 
gera  eonveyed  daily  by  ilie  r. 
union iitH  to  thix*e  TniUionft,  s^ud  1 
to  twenty-seven  miHuaw  of  i  lU 

and  a  half  of  tons.     AUo  r%HX^  i§ 

warded,  and  four  mi r 
day,      The  duily  gri 
H.OtMimiU  tiuriuN;  llo  v  ,. 
1,2U<>,<XH:)  carriiigeH  aiwl  v 
ploymetil    lo  a   million    i 
length  of  (he  telegraph  wirea  wuukl^  d  luiitcil,  1 
to  the  moon  and  back  agAin. 

Ij^wr^Lisn  Railway  Cakriaoks  — The  loof ^ 
J  wheel  earriagea  *»f  the  Metruji.^iit m  r«ili 
weigh;  with  their  gui  mpparatus, 
tons,   em]»ly.     The  Ursi  cJaj*«  cAr 
passengers;  the  third  class,  ^(».     A 
carriagts  are  now  being  umde  nf   i 
and  capacity,  to  weigh  iv 
There  will  bo  b  nioderat* 

theaacrilice,  perhaps,  of..  .,,.    i*.^,vi;  «,  »i<f«lf* 
ness, 

BELQtAJf  RaILWATS. — Ii.      '    " 
on  gouds  on  the  Bel^ 
been  lowered  on  an  avera^,   _ 
have  despatched   2JUG,U<jy  uifl 

goij^tsj  they  have  economized  ui 
on  the  co^t  of  carriage,  and  yet  the  pubik^ 
i*ury   has   realized  Xl'aL240  profit,  »fl<;f 
paid  the  co^i  of  working  and  the  Interval  of  I 
tiunal  capitnL 

AKKW    Gaiigk,  —  It    iH    propose  !  Thi»1 

aeJienies  for  improvitig  LoniJon  ,4^  j 

an  oj H/u  railway,  with  a  three -.*  ,  |t* 

lingtoii  to  the  Moorgato  Street  its^^ 
groimd  Railway. 

RAiLWAva  IN  ni?;DOffTA!f — Fmw  ' 
of  railwtiy  have  been  ^ 
and  one  thousand  more  are 
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NEW  BOOKS. 

r\E8CRIPTIO.V  op  RkMIART)^'  IMPROVED  StEAM 
}J     ESiOIXE    ISPICATOli;    WITH    PlREl'TIOSS    I'on  ITS 

Fse.  SF.ru?rn  Kditio?i  E^larqed  and  Ukvised. 
IjCr.%ble»  T.  1*orter>  London:  Longmans, Green, 
Uftder,  and  Dyer 


fully  studied,  particularly  by  those  interested  in  the 
oon^truotiun  of  bi;;h  xpecd  engines. 

The  laf>t  section  of  the  book  treats,  as  we  bnre 
said,  of  the  motion  of  the  piston,  a.s  controlled  by 
the  crank,  throuf;h  the  medium  of  the  conncctinf; 
rod,  and  it  i.s  ucoompanicd  by  a  mo;)t  elaborate  >eriea 
or  tablvH,  showing,  fordiifvrent  lengths  of  conucetiug 


ThU  ii  realW  a  treatise  on  steam  and  the  steam    V*'^'»  ^\  "^M"°  "^    ^'  P"^<^"  corre-pondms  to  each 
iffine.     "  Engineering  »  reviews  it  in  a  long  article    degree  of  motion  of  the  crank.     These  tables,  which 
Mi  «hieh  wei-itract  the  following:  Most  engineers  I  ™»f5  have  cost  Mr.  Porter  an  immense  ex,>end»ture 
■«  fauiliar  with  a  class  of  works  which,  whilst  pro- 
Nviiif  to  be  technical  treatises  or  handbooks,  arc  in 


tftlitj  nothing  more  than  neatly  worded  adrertise 
■■■ta  or  puffs  of  some  particular  machine  or  inven 
!•■•     Tu  eveh  books  at  these,  that  forming  the  sub- 
let  of  the  present  notice  presents  a  remarkable 
nstraet. 

Mr.  Porter  bai  dirided  the  second  edition  of  his 
vork  into  three  parts,  about  half  of  the  second  part 
lad  nearly  the  whole  of  the  third  being  entirely  new. 
tVc  first  division  comprises  four  sections,  devoted 
ivepcetively  to  an  explanation  of  the  nature  and  use 
iff  ike  indicator,  to  remarks  on  truth  in  the  diagram, 
to  a  description  of  the  Richards'  indicator,  and  to 
iircetion«  for  applying  and  taking  care  of  the  instm- 
Mcnt.  After  explaining  generally  the  action  of  the 
Indicator  and  the  objcvt  to  bo  attained  by  its  use, 
Mr.  Porter  enumerates  the  various  sources  of  error 


of  time  and  trouble  to  calculate,  give  each  result  to 
seven  places  of  ducimals,  and  they  are  arranged  in 
a  novel  manner.  Each  table  is  composed  of  four 
columns  of  figures  disposed  in  concentric  semicircles, 
the  position  of  each  particular  result  in  these  semi- 
circles corresponding  to  the  angle  to  which  it  relates. 
Altogether  the  book  is  one  which  no  engineer  en- 
gaged in  the  construction  of  steam  engines  should  be 
without ;  and  least  of  all  those  of  our  profession — 
and  they  are  now  a  numerous  class — who  are  interested 
in  what  has  been  termed  *<  high-speed  engineering." 


THE  History  and  Progress  op  the  Electric 
TELKURArn,  Ac.    By  Robert  Sadixe,  C.  £. 
London:  Virtue  k  Co. 

«*  Our  language,"  says  "  Engineering,"  "Is  cer- 
tainly becoming  rich  in  the  technical   literature  of 
>  telegraphy.     For  years  it  remained  almost  a  barren 


vbKh  may  operate  to  produce  an  incorrect  diagram,  .  ^^^--y,,    ^^„'    g^^  y^^oke  the  spell,  and   the 
and  poinu  out  the  means  by  which  they  may  bo    ^„^^^.„  ^^  ^.^  ^„^|J  j,  .^own  by  its  having  rapidly 
»roi4ed.  .    r  *u     V     u  1    J-  .^  J  :  *     *         reached  a  third  edition.     Mr.  Sabiiy  succeeded,  and 

Tbe  seconi  part  of  the  book  is  divided  into  two  I  i^^erly  Mr.  E.  Bright  and  Mr.  Latimer  Clark  have 
■ectiou,  the  first  being  devoted  to  directions  for  as- j  ^^^jp^ij  the  science  with  very  valuable  additions. 
•erUiniDg  from  the  diagrams  the  power  exerUd  by  ,  ^^^  ^^^j^  ^^^^^^  ^^  j.  ^  ^^^^^  edition  of  the  first 
the  engine,  and  the  second  to  instructions  for  o  leu-  ^.^^  ^f  ^^^  ^^         ^^^^^  ,,-  2klr.  Sabine  that  was 

bting  from  the  same  data  the  amount  of  steam  con-    {,ublii,hed   in  IBfiT,  and  was  reviewed  by  us  In  our 
nmed.     Both  these  mat  ten  are  treated  most  com-    Iju,,,^^.^  „f  February  15th  of  that  year.     Its  price 
preh»sively  and  clearly;  and  to  this  part  are  ap-  I  ^„j  ^j,^  ^^^  y^^^y,  reduced.     It  forms  part  of  Weale'l 
MDd*d  tables  of  the  areas  of  circles;  of  hyperbolic  .  ^j^irable  rudimentary  series.  Much  has  been  added, 
bganthinf :  and  of  the  properties  of  steam.     These  L^^^^         j^  rewritten,  and  a  good  deal   expunged. 
u     »•/•  T!*****  *!•  ^*7  eomplete,  have  been  prepared  I  Ahoirether  it  is  a  oonsidoruble  improvement  upon  the 
ky  Mr.  Porter  from  the  results  of  the  experiments  of  ]  ^Heinal,  and  it  is  a  book  which  should  bo  in   the 
M.  Krgnault,   these  results  having  been  converted  [  ^amls  of  every  tdegraphi^it,  for  it  supplies  a  gap  un- 
Into  tng|i.h  measures.  ^       ^.  ^  . ,  "  filled  by  Culley  or  Clark." 

The  third  part  of  the  work,  which  wo  consider  to        jj^^  \^^  reviewer  does  not  agree  with  the  author 
be  even  more  important  than  those  which  precede  it,    ^^  ^„  ^j,^  ref«pictive  credit  duo  to  the  fathers  of  tele- 
is  diwded  into   five  sections  bearing  the   following    -mphy.     What  the  reviewer  says  on  this  subject  will 
keadings:  Isl,  Observations  on  the  several  lines  of   g^  ^^^  ,„  ^jjis  country  with,  as  the  French  say,  an 
the  diagram;    2d.   Un  the  conversion  of  heat  into    «.  uneasy  interest."     It  is  as  follows ; 
work  in  tbe  steam  engine;   8d,  The  rotative  force        c.  \Ve  do  not  wish  to  diminish  one  iota  the  credit 
exerted  upon  the  crank  the  same  for  all  equal  dl-    j^^  j^  ^,y„c  for  the  invention  of  the  simplest,  most 
vifiuns  of  the  diagram;  4th,  The  diagram  not  a  true    porfoot.  and  most  universal  telegraph  in  existence; 
SPTr^"!f'*'i°  .*;^_^**JP.P"'l*"f®„®!*      *.®'"»"  ,\  *?^'    ^ut  we  protest  against  his  being  allowed  priority  of 

claim.     Wo  do  not  object   to   his  immortality.     If 

ideal  conversations  are  to  rank  as  inventions  then 

should  <iHlileo  be  called  the  Inventor  of  the  telegraph. 

,      ^  ....  .  .     ,  "Morse  acknowledges   bavin?   first   received  the 

in  the  »t«am  engine,  is  entirely  new,  and  it  forms,  p^nooption  of  a  telegraph  in  ls:W;  Whcatstone  had 
witb'.ul  exceptlin,  the  clearest  deseription  of  the  ^^^^  ifu.lying  the  subject  voars  before  this.  Cv.t.ko 
•eehaniral  th.ory  of  heat  and  of  the  action  of  ftcaiu  ^^.j  Whoat^tone's  telegraph  was  patented  in  tho 
daring  expannion  that  we  have  yet  met  with.  Mr.  ^.^^j^  ^  ^f  ^^3-^  ^n^j  Morse's  in  tbe  latter  part  of 
Porter's  remarks  are  illustrateil  by  a  series  of  exam-    jjj^  l^^^  ^^^^^     ^1,0  f,„t  line  of  telegraph  was  oreot- 


fttb.  i>f  the  motion  of  the  piston  as  controlled  by  the 
erank  through  the  medium  of  the  connecting  rod. 
The  aeoond  section  of  the  thi^d  part,  that  devoted 
to  a  con^iderati'in  of  the  vonvvritinn  of  heat  into  work 


J  year.      .,     . 

I'd  by  them  in  18.18,  and  the  first  lino  o«)nstructcd  in 
tho  Unitod  States  was  put  in  operation  in  the  month 
of  June.  1HI4.  Cooke  and  Wheatstone's  flr!*t  '  hatch- 
ment' teK'graph  was  a  beautiful  and  practical  instru- 
ment; Morse's  flr>t  rohiya  weighod  IM  pounds,  and 


plea  eart- fully  worked  iMit,  and  the  theoretical  action 
•f  the  steam  deilnced  from  these  examples  Is  com- 
pared with  that  which  Is  shown  by  the  indicator  to 
lake  plaee  In  practice.  In  the  next  section,  Mr. 
Porirr  «hows  that  the  rutatlvo  force  exerted  upon  the 

erank  b*- log  tbe  same  for  all   equal  divisions  of  the    rcqniwiTwo\ncn  to  ^ 

***»'»««•  4<We  contend  that  tho  author's  lights  in  moting 

The  f-.orth  seetlon  of  the  third  part,  like  the  two    ^„^  immortality  have  not  been  suffloiently  luminous, 
which  pr^r«.de  it,  U  quite  now,  and  it  treats  on  a    ^y^  Qx^tVii  and  Whcatstone  firit,  Morse  a  good 

•nkjeet  nt  the  greatest  practical  Importance,  namely,    second,  Steinhell  a  bad  third,  and  the  rest  nowhere." 
tbe  infliienofi  exerted  by  tho  Inertia  of  the  moving  I 

)R  TIIK  S.IXITARY  iMIMtOVKMKXT 
CoTTArJKS  ANn  OP  VILLAGES.      By 


parts  in  mndli'ving  the  tranKmisf^lon  of  fiower  from 

the  plMon   to  the  crank  at  the  different  parts  of  the  |  ^IT.OKSTIOXS  Yi 

•tmhe.     This  U  a  matter  to  which  Mr.  Porter   has    ^  '  of  Lab«iukrs* 

devMied   a  great  anionnt  of  attention,  and  the  facts  !  William    Mkhzies,    Deputy   Surveyor  of  W  imlaot 

whfffh  ht  point!  out  are  worthy  of  being  most  oare-  I  Pore«t  and  Parkii.    Loudon:  LougiuaiU)  IBQ'J, 
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PRACTICAL  ApPtlOATION  OF  TUB  SlIDB  VALVB 
AMD    LlHK    MuTtOlf    TO   STATtO!VARY,    PoilTABK.S» 

LoooiiOTi¥B  ANt»  Mahinb  Knginrs;  with  Kkw 
Asi>  Sitti'LB  Mi£Tnor)«  rott  Puoi-ortiosiso  thb 
PAitTs.  Bj  Wtf,  S,  AfKHiNCLOsa.  C.  E.,  late  U-  S. 
CotntDWiioner  to  the  P4ri«  Ubivers«.l  Exposition,  and 

rftuthoror  H«port  on  Siea.m  Engineering.     &ro.     In 

itloth;  58  illtittrationS}  with  »  valve  trarGl  icale. 
Frice  $2.50. 

This  work  eorert  a  field  bcretofnro  but  partUlly 
occupiedt  and  develops  the  fundamental  priueipUi 
of  »  subject  over  wbtob,  in  oiaqj  mindsi  bovera  a 
oioucj  of  doubt  and  unoertniiity*  Snob  a  «enfe>  of 
vagueness  is  eepcciKllj  felt  wben  one  Attempts  to 
follow  tbe  intricate  motions  ot  a  link,  and  to  dtiier' 
mine  what  otfeeta  different  radii;  as  w«?ll  as  modoff  of 
tnsptinsiont  mUBt  have  on  the  cbaracter  of  thu  valve 
motion.  It  alio  Horely  perplexei  the  student  of  eteam 
enginecrtug  to  discover  »ome  fixed  principle  hj  wbieh 
be  can  at  all  times  inatantlj  detcFmino  for  a  fimple 
ilide  valve  and  ports  what  dimensions  wilt  tati«fj 
fcrtnin  conditions,  without  following  the  tedJous  pro- 
cess of  either  substituting  trial  one.i  in  tovcral  for- 
inula*  and  solving  tbo  «ame  over  and  over  again  nniil, 

I  |i«rohaQ6e»  the  right  valves  arc  roacbed,  or  of  placing 
ibem  on  a  modol  and  noting  tbeir  effecti^;  or  worse 
yet,  by  tbe  geomelncal  conitnictton  of  a  number  of 
flUipses.  Tbe  first  part  of  tbe  work  before  \i9  readilj 
■olvet  all  inch  difficulties  by  means  of  an  tngenioui 

'  diagram  called  tbe  "Travel  Scale,"  from  which  the 
tnginccr  oun  directly  measure  one  after  another  of 
tbe  dcfired  dimfAisions  with  perfect  oonfidcnpo  as  to 
Iheresult.  Having  explained  the  nature  of  tbe  fixed 
•ingle  eoeentrie  inoti^nt    tSlustratod  with   indicator 

[  diagrams  the  miiniicr  in  wbiob  the  action  of  its  valve 
It  affected  by  the  angularity  of  tbe  connecting  rod, 
and  furnished  simple  means  for  correcting  tbe  samor 
the  author  treats  of  tbe  adjustable  eccentric,  whieb 
be  makes  introduetory  to  the  general  subject  of  link 
motion.  Hie  method  of  inveatigating  the  latter  is 
purely  a  process  of  georaetrical  oonstructiun.  He 
entirely  rtjects  the  idea  that  algebraic  or  trigono- 
metrta  formulw  are  capable  of  bi.'ro  rendering  Any 

Sraotieal  assistanoe.  The  p!an  of  procedure  U  cIciArly 
flfitied  and  many  meani  explained  for  varying  thv 
resttlta.  As  the  true  radius  of  the  Unk  and  pi^eiltlon 
of  the  oenter  of  susponiion  are  thereby  determined 
with  tbe  greate{(t  ease,  the  draughtsman  can  with  its 
*id  quickly  scheme  a  satisfttotory  link  motion  with- 
out resorting  to  an  expensive  link  modal.  The  shift* 
Ingf  stationary,  Allan  and  WnlschaQrt  Unit  motions  are 
conipcrutivcty  examined,  and  tbeir  points  of  simi- 
larity compared.  The  sabjeot^  of  indepeodent  cut- 
off, clearance,  friction,  etc,  have  likewise  received 
dtio  CO  aside  ration.  To  the  draughtsman,  mooter 
Biollaoic  an  J  student  of  steam  engineering  this  little 
work  will  prove  a  most  invuluabtc  a^isintant,  not  only 
preventing  the  oocurrcnoe  in  di^signi!  of  mortifying 
tnlstaketj  but  greatly  ecouoioixing  tho  time  of  exoou- 
tioo* 

Exj*os!TiOxV   Mahitikb    Intkbnationalb   DL' 
Havre.     ISfiS.     BAPi'ortTS   du   Ju«t   IsTUii' 
aATioxAL.     Lundon;    JoKX»oir  ^  Sows. 

The  rapidity  and  eompletenest  with  which  the  jury 

feportA  t^f  the  Havre  Maritime  Exhibition  have  been 

1  preiwnt^  a  striking  contrast  to  what   we 

rto  been  accuttomed.     It  is  oompilftd  in 

\,.r.,  .^.^a.igv* — English  and  French— and  contains  a 

6omplcEis  list  of  awards  as  well  ts  the  reports  of  the 

jfuHrir.     ,4«  to  it»  acctira«<y  wo  are  not  in  a  position  to 

tie  no  doubt  of  tt«  oxcellenec  in 

I    of  view.     B very  oare  appears 

ensure  oorreetnefs,  tbe  proofs 

!  1  for  Unal  revision  to  the  prosi* 

^1  every  elasit  or  seotion*  they  be- 

|i;4  ^I'lo  Tor  Che  accuracy  of  tbe  awards 

utii  AJsigaod  for  Ihcia.    Tho  original  io- 


tention  of  tbe  protDoters  of  th*  Bxhibiilrm  w*f  ^Vrfl 

should     follow    itn  mediately    the     <M 

Paris,  and  be  supplementary   to   it. 

Havre  enabled   the  juron  to  citabli^' 

competitive  examination  of  vesstU  afl 

the  improvementj  that   bad  been  mad' 

by  tnitpccting,  not  merely  models  u&  n 

but  the  ships  themselves.     With  few  ^ 

foreign  nations,  England  especftft!^" 

sending  liberal  contributions.      A 

in  the  Havre  Exhibition  was  the  t 

for  each  class  by  tho  siiffriige  nf  the   ciUil^it^i^ 

arrangement  which  proved   highly  soeeevffaU 

compilation   of    this    work,    containing    b*ai1y 

closely  printed  pftget^  must  have  been  a  tA«k  U  ( 

sidcrabte  difficulty  and  rr«pnr?ibfti!T.      T^-  ^'^^ 

which  it  has  been  acr 

to  the  publisher,  to  wi 

trusted  by  the  Commijui^^  v.  v-^  i***.*  — 

f*f«r»ng. 

TiiE  RorAL  ExGiNKBB.     Bf  the  Rt,  lIoa.J 
pRAKCts  fi.  Head,  Bart.     London:  Juhaf 
ray,  I86tf. 

fcsir  Francis  Head  certainty  deserves  wtll  nf  «!• 
Royal  Engineers.     He  has  visited  Cbatbaoi,  ax4  I 
inspected  the  Mounted  Engineer  Train  at  Aldtn 
and  ho^  committed  tbb  result*  of  hts  investig 
print.     It  is  well   that  sorr   '     '      '^^   done  *««  i 
otherwise  tbe  sulid  work  wr  r  by  ibt « 

r^cientifio  branch  of  the  arn  *"  p**^*!! 

noticed.     We  now  know  thv 
of  the  photographic  and  elc< 
as  well  OS  the  whole  roean«  «un  i  jm.  i*-*  »|-v-i 
Royal  Engineer  establisbmcnt  to  train  th« 
and  miners  of  the  British  unuy  hi  ph- tM-r^ftir, 
veying}  field  works,  and  the 
ments.     Sir  Francis  Head  >1 
necr  a&at'o.     He  relates  hov.  ul  ^ 
the  Royal  Militory  Academy  at  v 
there,  and  io  a  chrysalis  state  ti  i 

I  ham,  where  be  completes  his  practical  kdU  tcubiit^ 
instruction.     He  even  deseribe«  the  various  •ebA«ii  it 

'  the  Engineer  establishment,  at  whieb  the  r  -    •^'"' 
missioned  officers  and   men    are   prepared 

^  several  duties.     Each  different  speoies  of 
oil  ires  a  separata  training  and  sep«r>t«   ir 
The  drftughtemcn,  the  surveyors,  tbe  pi        .-     ^'tti 
the  eleetrieians,  are  all  subjected  lo  *t* 

ments,  which  are  clearly  recounted  to  : .  '*^ 

Uf.     Those  who  wish  to  find  all  that   ^  '  li 

preparation  of  both  officers  and  mi«n  oi  Tf 

fur  their  dotiei  both  in  the  field  and  M 

well  as  any  who  are  interested  in  th^  .  i — ....i>ti 
for  obuining  a  commission  in  that  corps^  vUl  d*riie 
much  value    from   Sir    Francis   Uc»d's  work.— Tti 

A  targe,  carefully  prepared  werk  oo  mUtlafy  «■* 
gineertug;  octavo;  4U0  paget. 

n^n^  El.KMKNTS  OP  Hi  AT  XKD  OF  No^-HrtALUQ 

Pb,  D.,  F.  R.  S.  E.     London  :  ^  tSia. 

Mr.  Guthrie  evidently  thinks  li^-,.  >m»ntmff 
treatises  like  those  of  Balfour  Stewart  -a* 
cult  a  character,  and  that  wri>rk9  like  r :  i^*r 
are  too  general  for  the  tvu  i  i  [  ;  im 
University.  He  has,  ther  .,  :-  i  r  .  .ii- 
pile  a  buok  which,  while  a^  .  „  ..  iit:Ai 
details  of  higher  treatites,  should  bn:  »  ts 
olear  and  intelligible  ln»nsfn«g*»,  th»»  i  ne- 
mena  and  laws  of  heat .  :  -f. 
His  endcaTora  bare  bi 

and  in  same  degree  ol;    .  i c. 

For  instanee,  while  he  kmm  treated  tbi  i«al 
in  aocordance  with  the  aim  be  hiid  i 
fallen  short  of  bis  aim  in  dealing  with  tri>  chaxn^g^^ 
of  the  Doa-oetAUio  olom^aU*^i'<^ii$Qr  Stkmu  " 
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MISCELUSEOU& 

rnixK  BriLDiNO  in  Europe. — ^There  arc 
»nj  and  Urg« — some  of  them  rery  large — 
tering  e^ublifbments  apon  the  ContineDt,  and 
appear  to  be  busy,  busier  than  works  of  the 
cla»  in  England.  Besides  the  large  engine 
of  the  French  goremment  at  Indret,  near  the 
I  of  the  Loire;  and  the  large  railtvaj  wurlishops 
riz  great  French  railway  companies,  there  are, 
ri«,  the  works  of  Call  and  those  of  Gouin,  cm- 
ig  at  timtti,  the  first  2,000  and  the  second  1,000, 
trcy  moo.  There  is  the  great  establishment  of 
:idcr  4S  Co.,  at  Creusot;  the  fine  locomotiyo 
>  (we  haro  none  better  nur  larger)  at  Fives,  near 
;  the  large  works  of  Andri  Koeohlin  A  Co.,  at 
OBsc;  the  (iraffenstadten  works  on  the  Rhine; 
as  for  marine  engine -makers,  besides  those  at 
iy  and  Schneider  A  Go's,  the  large  works  of 
Jin*  JL  Xillos  at  Harre*  and  those  of  the  Medit- 
eao  Company  at  Marseilles.  The  Crensot  works 
employ  between  9,000  and  10,000  workpeople 
departments,  and  few  of  the  others  named  em- 
\mm  than  lyOOOy  and  some  of  them  very  many 

Belginm  there  are  the  great  Soci^*t6  John  Cock- 
employing  many  thousands  of  hands,  the  Conillet 
tanjy  the  Socivtc  St.  Leonard,  and  others.  In 
imi  there  are  the  large  iron  ship-building  and 
leering  works  of  Paul  Von  Vlissirigon  A  Uudok 
HeeL  at  Amsterdam.  In  Switxcrland  are  large 
s  at  Zarich,  tik:  those  of  Eseher,  Wyss  A  Co., 
lich  Matthew  Murray  Jackson,  an  English  cngi- 
,  if  manager;  and  in  Bavaria  are  the  largo  bridge 
lag  woiks  of  Klett  A  Co.,  of  Nuremburg,  and 
mailer  engine  works  of  Maffei,  at  llirsohau,  near 
leh.  There  are  extensive  engine  works  also  at 
mihey  in  Wurtcmbnrg,  and  there  are  machine 
lag  eatablishments  of  various  degrees  of  magni- 
•eattercd  over  a  large  portion  of  the  Continent. 
iTffg,  of  Berlin,  some  time  einoe  turned  out  his 
Ith  loeomotive ;  be  sent  his  2,000th  to  the  Paris 
ibitioo.  Experts  speuk  in  high  terms  of  the 
aeier  of  Bor»ig*s  workmanship,  ranking  it  much 
e  that  of  the  French  and  Belgian  eugineers.  He 
lOTi  iteel  very  largely,  much  of  it  of  his  own 
bctare,  and  he  gives  a  high  degree  of  finit<h,  not 
to  the  working  parts,  but  to  some  others  which 
■f  arc  painted.  Ilis  contracts  are  largely  upon 
lian  aeconnt.  Borsig*8  large  iron  workic  at  Monbit, 
miles  ont  of  Berlin,  havo  been  converted  into  a 
I  boiler  factory,  and  hi«  iron  makers  are  being 
iferred,  to  th*  extent  of  one  thousand  families  of 
ipeople,  to  a  new  establiitbinent  in  Silesia. 
trtmann,  of  Chemnits,  in  Saxuny,  now  oroplors 
B  men  and  boy.t,  and  'n  oonstructiog  machinery 
most  every  class.  He  haH  lately  built  an  erect- 
ibnp,  to  receive  thirty-five  locomotives  in  a  single 
and,  allowing  no  more  than  sixteen  feet  from 
er  tooenterof  pit«,  this  building  must  be  upwards 
tA  feet  long.  Hi'  make  of  engineers*  tools,  cotton 
woolea  machinery,  turbines,  4e.,  is  very  large. 

.TKXT3. — About  4,000  "provisional  protec- 
tioot  **  mre  granted  yearly  at  the  British  Great 
Patent  Ufico,  the  protections  granted  being 
ilot  perhap«,  a  doien  or  so  of  all  the  applications 
e.  Of  these  protections  only  about  two-thirds 
the  additional  £20,  which  gives  them  the  furoe 
,  pateat.  At  the  end  of  three  yeant  from  tbo 
iaal  grant  the  patent  lapses  unless  £50  more  be 
,  aad  At  the  end  of  seven  years  from  the  grant 
I  more  mast  be  paid  to  eontinue  the  patent  for 
fell  term  "f  fuurteen  years.  In  the  year  ending 
«mber  SOch  last,  14,153  patents,  re-lssuoii  and 
eeliniM  of  designs  were  granted  by  the  United 
M  PaUnt  Otte€.    Ortr  20,000  werQ  applied  for. 


n^iiE  Introduction  OF  Steam  Fire  Engines. — 
X  Steam  power  for  extinguishing  fires  was  in  use  in 
manufacturing  establishments  many  years  before  it 
was  employed  on  portable  machines.  Every  factory 
of  any  pretensions  had  its  steam-driven  pump  with 
hose  and  other  attachments  caloulated  to  reach  every 
portion  of  the  establishment.  About  the  year  1829 
or  ISaO,  Cupt.  Ericsson,  then  of  the  firm  of  Braith- 
waitho  Jb  Ericsson,  London,  England,  built  and  exhib- 
ited a  .portable  steam  fire  engine.  In  1842  or  1843 
he  produced  a  similar  engine  in  New  York  city,  and 
it  was  tested  but  never  brought  into  regular  service. 
The  writer  remembers  a  great  objection  urged  against 
its  use,  that  it  burst  any  hose  that  could  be  made, 
which  showed  that  the  fault  of  want  of  success  did 
not  lie  with  the  machine. 

So  far  as  we  are  informed,  the  credit  of  overcoming 
prejudice  and  snccessfully  introdooing  the  steamer  ia 
cities  and  large  towns  belongs  to  Miles  Greenwood, 
when  mayor  of  Cincinnati,  Ohio.  Mr.  Greenwood, 
being  a  man  of  great  tenacity  of  purpose  and  a 
thorough  mechanic,  and  having,  moreover,  the  eon- 
fidenee  of  his  fellow  oitisens,  succeeded  where  unly 
failure  awaited  others;  and,  in  oonsequence,  Cincin- 
nati was  the  first  city  to  adopt  the  steamer  as  a  per- 
manent portion  of  its  fire  department  force. 

The  reasons  why  this  most  efficient  agent — steam — 
was  not  fooner  utilised  for  the  protection  of  property 
from  fires,  may  bo  summed  up  in  one  word,  prejudice, 
prejudice  born  of  ignorance.  Fire  and  steam  career- 
ing through  the  streets  instead  of  inducing  c<»nfidence 
and  a  feeling  of  security,  inspired  terror  or  created 
apprehension.  Our  municipal  authorities,  too,  are 
not  generally  engineers  or  mcehanics — and — the 
steamer  does  not  vote. 

The  metroi»olitan  fire  department  of  New  York  city 
nnmbers  34  steamers  of  about  50  U.  P.  each,  equal  to 
185  men,  or,  in  the  aggregate,  6,200  men,  while  the 
actual  number  of  men  employed,  even  adding  the  12 
h«>ok  and  ladder  companies,  is  only  about  550 :  thug 
relieving  5,740  men  from  the  labors,  dangers,  and  the 
exposure  of  the  fireman,  and  allowing  them  to  become 

Producers  rather  than  merely  protectors  of  property, 
he  time  is  past  to  question  cither  the  superior  effi- 
ciency or  the  economic  advantages  of  the  steamer 
over  the  hand  eni^ine.  As  well  might  we  return  to 
the  old  band  press  and  the  spinning  wheel,  print  our 
newspaper  editions  of  100,000  daily  and  clothe  the 
teeming  millions  by  hand  lab<ir,  as  to  discard  the 
powerful  Agency  of  steam  in  the  protection  of  our 
property  from  fires. — Scientific  American. 

Ew  Galvanic  Battery. — A  new  battery  is 
announced  as  arranged  by  M.  P.  Guyot,  which 
may  be  useful  for  telegraphic  purposes  and  electrical 
alarms.  It  con8isti<  of  a  porous  earthen  vessel  filled 
with  finely-powdered  iron  ore,  in  which  is  plunged  a 
cylinder  of  gas  retort  charcoal  and  an  ordinary  ws- 
bcl  filled  with  concentrated  solution  of  common  salt, 
in  which  ix  placed  a  slip  of  linc.  The  only  care  re- 
quired to  keep  such  a  battery  in  order  is  to  keep  tho 
latter  ves<iel  always  full  <»f  oonocnt rated  solution. — 
l?urthor,  the  solution  may  be  replaced  by  sandini- 
nregnated  with  it  or  by  salt  in  crystals,  the  humid- 
ity of  the  atmojiphere  being  alwajrs  sufflcle  .t  to  servo 
as  a  solvent.  If  the  latter  form  be  found  to  answer, 
the  battery  would  bo  extremely  convenient  on  ship- 
board, ill  trains,  or  wherever  there  is  motion. 

AMrcii  Nekdri)  liooK.— Our  puWUhors  bayo 
many  inquiriesfor  a  work  on  the  American  Steam^ 
;  boat  Engine,  containing  engravings  (not  necessarily 
costly)  and  details  of  valves  and  valve  gear,  and  other 
'  parts  and  their  working.     A  t<Mik  is  wanted  that  will 
teach  a  mechanic  having  some  theoretical  knowledge  or 
I  a  student  having  some  praotioal  ideas,  how  to  set  tbo 
valves  and  operate  ond  maintain  thii  kind  of  engiua 
I  to  tho  best  ftdvaatagQ. 
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THR  Ahkrican^  Mastrr  Mechanics*  A»so- 
ciATio^f,— Wo  take  pleAjart^,  say*  the  **  Wodtcrn 
Kttilros.d  iJivxettc,"  in  laying  before  our  reiden  & 
few  (tLCts  conmcoted  with  the  objoct«  an  J  oporutions 
of  the  Amuncftn  Hailwjiy  Master  Meobanics'  Assooiii- 
liun,  uow  upproachtug  Ibo  third  year  of  its  existenoo- 
Thi*  jusoeiation  ts  compof^cd  of  the  roaster  meohAnicc 
of  Ihe  r&ilwaya  of  the  United  StAtes,  whose  ubjeei  is 
that  ef  im proving  the  naotire  power  of  the  aev«rii>l 
roi«d4  wbitih  tbey  repreBeot,  and  mUo  determitiing  the 
be«t  and  most  practical  il«  well  ai  the  inont  ecoiionii- 
e»l  lysteiD  of  construction  and  muniigeuient  tb4sr«of. 
For  thi<  porpuae  eommittoei  are  appointed  among 
themsetvcs  to  report  npon  the  dilTerctit  subjects  con- 
neciiNlwith  their  department  of  railway  mantigem<'iit. 
These  reports  and  the  attendant  diwu8*iion»  are  piib- 
li.Hhed  for  the  benefit  of  the  railways  at  livr^^e.  We 
arc  oonBJoDt  that  no  mecbaniciil  a»<8octa(i(m  ha^  been 
found  com  prising  a  greater  degree  of  pme ileal  iotol* 
ligenoe;  and  when  it  ia  borne  in  mind  that  thla  re* 
|>ort  will  embody  the  Gombined  experience  of  over 
two  hundred  of  tb«  ablest  raechanicj  and  engineers  of 
our  cotantry,  it  witl  stoneo  bo  nnderstood  huw  valuable 
R  text  book  these  report*  will  make«  Mr.  L.  I*. 
l>od^e  if  the  i^ecretary  of  this  oornniitteo*  and  it  now 
making  the  tour  vf  tho  United  States,  ti^iting  each 
master  meehanioi  and}  \n  per  oil}  procuring  data  and 
ioforwation  for  the  required  reporii.  Perhaps  the 
m^^at  important  committee  for  the  cuming  year  i^  tbnt  ' 
tipoft  **  boilers,'*  composed  of  Meajirs.  Ilny^ps,  lUinoi»  \ 
Central  Jinilway;  Jnuriet,  Chicago,  Burlington  and 
Qttincy  Railway;  and  Andorton  of  the  Chicago  and 
Norihweiiitern  Itnilway;  a«  it  is  to  take  up  tbo  qnea- 
ti'^n  of  ft eei  platen  ms  a  anbstitot*  for  iron  or  copper, 
and  wo  are  informed  that  tbui  far  the  oxperienoe  of 
Ifjunj  of  tho  largest  road«  U  largely  and  unmt«lakiibly 
In  favor  of  itti  use,  eitpeeially  in  ooal-burning  loeoino* 
tivos.  Their  next  meeting  if  to  be  lield  at  Pittsburg 
tu  September,  due  not4oo  ot  which  will  be  given. 

BLEAcniNG  OP  WooD-PtriP  FOR  Paper. — M. 
Orioli.  a  French  obemint,  say*,  in  the  *♦  R^vuo 
Hobdonixidaire  de  Chimie,"  that  the  chloride  of  liaiOi 
{f  the  dase  'in  the  least  in  oxceitt^  has  a  tendency  to  give 
ft  yellow  tingo  to  the  pulp;  that  all  oncrgetio  aoidi, 
without  exception,  tend  to  gi'  o  aredditih  color  to  tha 
p»per  wbon  exposed  for  a  I  <ng  time  to  tho  eiTvots  of 
tho  nan  or  of  moiDturoj,  and  tht  tho  leant  trioe  of 
Iron  U  jiuflicient  In  a  very  Bhort  time  in  blaoketi  the 
jiulp.  He  says  ht?  htvr  fuoeoeded  \n  avoiding  alltheie 
luoonveniienoeij;  by  the  use  of  tho  fo  lowing  mixture; 
Fof  a  buadredw«'tght  of  wood-pulp*  he  employa  400 
crammeB  (fmr-fifthii  of  a  pound)  of  oxalic  iicid,  whiah 
bis  the  double  advantage  nf  blefucblng  the  Dol^>ring 
matter  already  oxidi«ud,  and  of  neutraliiing  the 
alkaline  principles  which  favor  such  oxidation;  he 
addff  to  the  oxalic  aeid  one  pound,  or  a  little  more 
nf  snlpbate  of  alumina,  entiroly  deprived  of  Iron. — 
The  prinoipal  agent  in  this  mode  of  bleaching  ia  the 
oxaHc  aold,  the  power  of  which  over  vegetable  color- 
ing matter!^  is  well-known;  the  alum  ha»  no  bleaoh- 
4ng  power  of  it*  own,  but  it  forms  with  the  ooloring 
matter  of  the  wood  an  almost  oolortess  lake,  which 
has  the  effect  of  iaoreasing  the  brilliauoy  of  tho  palp* 


T"' 


E/FRCT  OF  Cold  our  Tix. — It  ia  stmted  in 
re<^**nt  nomber  of  the  <^Gomptc3  Rendu*,"  that 

'  '   "     -  Friueho,    tin  exposed  at  St.  P«- 

to  a  temp<«ratiir6  of  40"  below 
fo  a  «emi-Drystallino  mAS   oon-  I 
*      In  mosSQp  of  tinweigh*  I 
[ii»>a  uavitiei  in  some  oojios 

-.    ,.^..... ^  ^..  nearly  24  <<nHio  inobes.-' 

to   iM.  liumaji     fiiots   of   thie^  kind  am  no'  < 
9\n  ;  for  tntiane*^,  in  one  ease  Iho  pipes  of 

•  L'lin  wcro  10  JiUofod  by  tbo  ooldAilobo 


NEW    IIORSK    SllUB     Ma'  ♦"^^'  -= 
hoj  been  excited  in  Bir'^  * 

for  the  mannfacture  of  h'  < 

Basli«?n,  Poris.     Tht-  f 
hydraulic  press.     Th- 
ately  the  bar  comeis  re-;  u  ..  i^.u  ..*. 
is  tranT'ferred  to  the  rolling  mill.     U 
piece  on  which  tho  bar  ii  placed  r«oei 
tivo  motion  from  two  pi»t«>tis  of  the  I 
This  movable  pieco  presses  the  bar  be 
baud  sliding  jiurfacej,  which  impart  t 
id  next  very  strongly  prcoied  on  a  di»  .  Tf 

the  definite  form,  while  at  the  same  tioj  4  i 

are  pierced,  and  by  meanj»  of  a  spring  ihf  ni<w 
piece  reeede»  and  allows  the  finiiihed  shoe  tefolll 
into  a  sihallow  tank  of  water  placed  tifidcnve«'ti 
action  of  the  machine  safficea  to  make  a  sb 
motion,  forward  and  back,  tbn*  preventing  ^ 
of  pf»wer.     Tho  dies  s.  are  easy  of  k|j»«t- 

menti  and  may  be   i  exehaoged  te  ill  ^ 

production  of  larger  ii.» .    -.^r  shoes  at  <ii«^<tti»t* 

Two  presiiuree  are  ooco*aary,  namely,  ou. 
four   to  five    atmospheres  to    produce  tbt 
tho  shoe,  and  another  of  from  100  to  l&O  aii&o4|^ 
to  pierce  the  nail  holes*     A  morement  of  froa  i' 
eight  strokes  per  minute  can  e»«itr  *»o  .jUiAlntJl 
this  machine,  producing  o^  ma^ 
Tbe  success  which  hoji  attended 
Continent  is  likely  to  be  suppleme>  t^-.J  m  'M 
by  ironmasters  at  present  engaged  in  the  pn 
of  horse  «boe  bars,— TAs  Engineer, 

VALUE  OF    EcaOPRAK   PATKirrS.^TIl*  Afllrf'. 
oan  origin  of  an  invention  is  oow  a 
tion  in  En  rope,  where  many  of  theia  Iftrtftikoil 
in  suoceasfui  operation,  and  large  fortnn*?*  k»T«  *" 
roalif^ed  by  their  introduction.    Impro> 
to  some  manufactures  are  of  gre»t  vaI. 
dom.      Mr,  Bessemer   deru 
about  82. OOC,iiaO  from  his 
the  patentee  of  a  device  f  r 
a  revolving  diamond,  has  realised  ovi  r 
first  year  of  bis  patent.     The   ose  o. 
this  pnrpofe  is  an  American   invention,  ^na  tcii' 
mated  value  of  the  exolu^cive  righi  in  8ii| ' 
ten  years,  is  $5,000,000.     Britinb   patent*,  a*  i 
are    the   most   vainable,    but    many  " 

equally  profitable  in  other  parts  of  fcur 
are  peculiarly  adapted  to  continental  wanii  anicw' 
toms, — Haztetintj  Lake  4r  Co^x  CirmUtr, 

THK  California  Blu  TiiFRS.—  ^^  -^ 

of  fifty  acre*,  in  the  Original  Or<  f« 

(In    1865 J,  103  trees  of   grifat  !kii;o,   tw^-niN      r   aiuiA 
exooedad  twenty-five  ft?et  In  diameter  at  tb*iT  Has* 
The  ♦*  big  tree  stump"  had  room  enuu.i:Ti  f  r  thirty- 
two   persons  to  dance  four  sets  of   c  tkl 
same  time;  beMdes  many  musleiaos    <  n. 
Across  the   solid  wood  of  thi«  mti 
the  ground  {tcitkout  tbe  bark,   ^ 
IB   Inches   in    thleknots),  it  mtt 
glorious   tree   was  sound  to  Its                       «  «w  :^ 
feet   ia  height  and  9d  foot  in  i                     i  «  ai  th* 
ground*     The  **  Father  of  tbe    l-i.reM,      tii#  Imtgiatt^ 
tree  of  the  entire  gro>ip»  meosurod  Ln  elrAiimNrifl«% 
at  tbo  ground,  110  feet. 

G^lRMAK  LOOOMOTIVB  PrICK^, — IIoiT  BoTlig^il 
Berlin^  has  recently  received  a&  order  fredi  i' 
nhenisb  railway  for  twelva  loaotnolive  e«p4ti«i  i 
tenders  for  working  pa^sengt^r  or  goods  trmlfts^    ! 
engines  weigh,  empty,  thirty  tons,  »ixtee« 
tho  tenders  eleven  tons,  four  ewt{  ib*  priee 
engine  and  tender  it  £2,631. 

TiiK  IIsAVinsT  Lathb.— Thd  Low^U 
shop  ii  now  building  the  bemrivst  tiini^ 
in  the  (rouotry>  to  weigh  lOfe&ty  lo&t. 
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PERMANENT  WAY. 

BEPORT  OP  THE  STATE  ENGINEER  OP  NEW 
YORK.  PREPARED  BY  8.  H.  SWEET, 
DEPUTY. 

From  ihe  advance  sheets  of  the  Report  of  the  State 
Basineer  and  SnrTeyor  of  New   York,  on  Rail- 


The  following  timely,  able  and  practical 
coasiderations  torni  a  part  of  the  State  En- 

E»r  and  Surveyor's  Report  for  1868  upon 
Iroada.     Official  reports  upon  such  sub- 


When  fully  worked  out,  it  will  also  lead  to 
a  still  greater  loading  of  trains,  for  in  the 
other  departments  of  working  a  railway, 
economy  lies  in  the  greatest  possible  concen- 
tration of  power,  attendance  and  labor.  So 
that,  however  running  gear  and  steam  machin- 
ery may  be  improved,  the  permanent  way  of 
trunk  lines,  at  least,  always  will  be,  and 
probably  should  be,  worked  to  its  full  capa- 
city. In  fact,  the  strength  and  durability 
of  a  given  track  is  the  feature  that  limits 


jeets  are  often  valuable  in  their  details,  but  t  the  amount,  and  hence  the  economy  of  tho 
it  18  not  often  that  a  government  engineer  j  transportation  that  can  be  done  upon  it. 
reads  a  sound,  practical  lesson  to  our  railway  j      But  there  is  another  and  more  formidable 
managers  and  railmakers.     Mr.  Sweet  obvi-  \  destroyer  of  permanent  way  than  weight,  and 
oaaly  understands  the  mistakes   that  have  :  that  is  speed.     The  running  time  of  our  pas- 


been  made  and  the  ends  that  should  be 
Booght  in  both  these  departments,  and  he 
does  not  hcftitate  to  characterize  them  in 
plain  language.  We  copy,  on  this  occasion, 
kin  remarks  on  Koad-bed,  Sleepers,  Joints 
and  Iron  Kails.  In  a  future  number  we  shall 
quote  the  report  on  the  subject  of  Steel  and 
Steel-headed  Kails. 

IscBEAsiNO  Demand  for  Permanence 
OF  Way. — The  statistics  of  European,  as 
well  as  of  American  railways,  clearly  indi- 
cate that  any  notable  economy  of  working 
and  maintenance  must  be  accomplished  chief- 
ly through  the  improvement  of  railway  tracks. 
The  renewal  of  rails  is  the  largest  item  in 
the  cost  of  nuiintaining  a  railway,  and  the 
modem  system  of  running  heavy  trains  by 
mach  heavier  and  longer  engines,  is  throwing 
more  work  upon  the  rails  every  year.  The 
bicreaJM*d  articulation  of  locomotives,  so  as  to 
relieve  the  lateral  strains  upon  the  road  and 
tke  individual  weights  u])on  the  wheels, 
tkoagh  promising  well,  is  yet  ex|>erimental. 
Vol.  L— No.  5.-27. 


senger  traffic,  instead  of  being  shortened  as 
the  distances  to  be  reached  were  increased, 
has  been  lengthened,  as  compared  with  the 
speed  of  ten  or  fifteen  years  ago.  What- 
ever risks  and  expenses  rival  lines  may  have 
adopted  in  other  particulars,  they  have  har- 
moniously abstained  from  running  fast  trains. 
This  is  a  bid  for  patronage,  which  the  most 
reckless  manager  has  not  dared  to  make. 
The  public  have  tolerated  this  state  of  things 
longer  than  could  have  been  expected.  There 
is  now  a  general  and  growing  demand  for 
fast  trains.  The  time  of  one  individual  is 
worth  more  than  it  was  when  railways  were 
introduced,  and  thousands  of  individuals 
travel  now  where  dozens  traveled  then.  In 
view  of  the  opening  of  the  Pacific  railway, 
the  development  of  the  vast  and  growing 
States  of  the  far  west,  and  the  steady  tide 
of  business  and  pleasure  travel  from  these 
distant  regions  to  our  seaboard,  the  economy 
of  fast  trains  is  to  be  counted  by  days  in- 
stead  of  minutes.     To  meet  this  require- 
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«r  iron,  has  been  want  of  elasticity.      An 
anril  ander  a  rail,  and  e&pecially  under  a 
joint,  ifl  almost  worne  than  an   insufficient 
mpport.     The  failure  of  stone  blocks  on  the 
Lowell,  Camden  &  Amboy  and  various  Eng-  j 
lish  lines,  is  often  quoted  to  prove  that  rails  i 
cannot  be  laid  on  a  stable  and  durable  founda- ! 
tion.  This  is  a  most  serious  mistake.  An  inch  I 
thiekness  of  wood  between  a  driving-wheel , 
rim  and  a  tyre,  doubles  the  endurance  of  a  | 
wheel ;  a  quarter  of  an  inch  of  rubber  con- : 
fined  in  a  suitable  chair  allows  the  laying  of 
rails  npon  stone  blocks,  without  extraordi- 
nary wear.     A  great  range  of  elasticity,  or 
a  general  giving-way  of  the  road-bed  are  not 
required — only  an  imperceptible  yielding  to 
the  minute,  but  incessant  vibrations  known 
as  jarring,   which  would  otherwise  destroy 
the  whole  fabric.     A  pocket  cut  in  a  stone 
block  or  cast  in  an  iron  sleeper  and  filled 
with  a   cushion  of  wood   or   rubber  would 
afford  all  the  elasticity  required. 

Rail  Joints. — The  selection  of  joint 
fiistenings  for  the  ends  of  rails  is  somewhat 
dependent  upon  the  weight  of  rail  required 
and  hence  upon  the  traffic.  After  twenty 
years  of  competitive  trial  with  every  variety 
of  fastening,  the  simple  fish-joint — an  iron 
iplice  ou  each  side  of  the  rail — has  become 
Mandard  in  Europe  and  is  gaining  ground 
here.  It  is  the  lightest  and  strongest  fasten- 
ing that  can  be  applied,  when  rails  are  high 
and  properly  shaped  to  receive  it.  The  old 
difficulty  of  nuts  jarring  loose,  has  been  over- 
come by  the  use  of  elastic  washers.  Fish- 
ing a  pvar-hcadcd  rail  three  or  three  and  a 
half  inches  high,  would  be  perfectly  useless. 
For  light  rails,  and  for  steel  rails  (to  save 
weakening  them  by  punching)  and  as  an 
auxiliary  to  the  fish-joint,  the  new  Reeves' 
fastening — a  tight  clamp  upon  the  contigu- 
oa*  flanges  of  two  rails,  is  coming  largely 
into  use.  The  mere  chair  or  seating  for  the 
ends  of  rails  is  no  longer  considered  safe 
nor  economical  for  lines  of  heavy  traffic. 
Although  there  is  room  for  farther  experi- 
ment, it  cannot  be  said  that  the  demand  for 
a  ^ood  rail-joint  has  not  been  met. 

Iron  Kails. — Some  of  the  early  rails  put 
down  in  this  country  on  roads  of  considera- 
ble traffic,  lasted  over  twenty  years,  most  of 
this  service  having  been  under  light  vehicles, 
but  upon  indifferent  road-beds.  These  rails 
finally  wort  out — they  did  not  laminate  to 
any  great  extent.  We  have  the  specifica- 
tions by  which  these  rails  were  made,  and 
we  know  the  quality  of  the  material  put  into 
them.     Good  iron  without   any  admixture 


of  old  rails,  was  welded  under  the  hammer 
and  then  reheated  and  reworked  until  it  was 
made  fine  grained  and  compact  in  the  highest 
degree. 

It  is  often  asked  why  we  do  not  get  such 
rails  now.  The  answer  is  that  they  arc  never 
called  for.  It  does  not  appear  from  any  ac- 
cessible records,  that  such  a  pattern,  or  such 
a  specification,  or  such  a  price,  or  such  a  ser- 
vice have  been  contemplated  in  any  modern 
specification.  The  old  patterns  were  very  thin 
and  elastic  in  the  head.  The  pear-head  was 
an  abortive  invention  to  work  off  bad  iron. 
The  old  rails  being  low  and  sound,  could  bend 
without  injury,  but  as  this  extreme  deflec- 
tion would  keep  modern  heavy  vehicles  con- 
stantly traveling  up  hill,  heavier  rails  have 
been  specified ;  (30  and  65  lbs.  instead  of  40 
and  45  lbs.  to  the  yard,  thus  increasing  the 
difficulty  of  manufacture  and  the  stress  on 
the  material. 

Better  iron  rails  can  be  made  now  than 
were  ever  made  before :  first,  because  our 
knowledge  of  impurities,  fluxes,  processes, 
characteristics  and  requirements  has  been 
enlarged.  More  suitable  and  more  uniform 
iron  can  be  produced.  Second,  because 
forge  and  rolling-mill  machinery  is  heavier 
and  better  than  of  old.  Greater  refinement 
and  condensation  and  closer  welds  can  be 
made  by  modern  hammers  and  rolls. 

But  rails  made  from  suitable  iron,  such 
as  would  be  used  for  axles  and  forgings — 
rails  rolled  from  hammer-welded  and  reheat- 
ed piles — would  cost  nearly  as  much  as  steel 
rails.  In  fact,  rails  of  ordinary  iron  with 
heads  of  puddled  steel  (which  is  a  high 
wrought  iron  made  from  the  best  material) 
are  sold  at  $115  per  ton. 

American  railway  managers,  instead  of 
offering  anything  like  cost  for  good  iron  rails, 
have  made  themselves  notorious  by  establish- 
ing as  standard,  a  brand  of  rails  known  all  over 
the  world  as  **  American  rails,"  which  are 
confessedly  bought  and  sold  as  the  poorest, 
weakest,  most  impure,  least  worked,  least 
durable  and  cheapest  rails  that  can  be  pro- 
duced.* Although  American  made  rails 
are  usually  better,  and  although  the  more 
enlightened  managers  willingly  pay  higher 
prices  to  home  makers,  yet  the  gCLcral 
tendency  has  been  to  reduce  prices  to  the 
lowest  possible  point  irrespective  of  quality. 

No  specification  is  made,  no  test  institut- 


•  Spo  report  of  A.  S.  Ilewitl,  U.  S.  CommiiisioDcr  to 
the  Pttri8  Exiwsition. 

Alfo  Rfie  letter  of  Mr.  C.  P.  Sardberg,  to  the 
«  London  limes,"  in  **  £ngineeriug,"  Jan.,  18^9. 
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tails  of  the  conspiracy  and  reports  of  pro 
gress. 

The  proof  of  the  third  appears  in  the  tes- 
timony of  Mr.  V.  E*  Smalley^  a  clerk  of  the 
committee,  which  is  perfeelly  explicit »  and 
in  the  correapondence  between  Senator  How- 
ard and  Gen*  Dyer. 

Of  the  4th,  the  following  is  a  single  speci- 
men out  of  many;  heing  in  relation  to  an 
attempt  to  show  that  Dyer  was  the  real 
patentee  of  the  Absterdum  projectile,  and 
Ahsterdain  only  the  ostensible  patentee  : 

Q.  io  Absterdiim  by  Arrick:  ^*  I  desire  to  know 
whether,  in  auswor  to  u  iiuestioii  ptit  to  yoii  bel\m^ 
the  Joint  CoinmitteOj  you  did  tmt  say,  'Jn  reality 
I  am  inr»t  tlie  invuntor  of  two  shells,  bnt  I  am  tlie 
maker  of  two  shells^  known  separately  to  the  Qrd- 
nanee  Bureau?^  "  •  •  • 

Answer.  **  I  wish  the  court  to  allow  me  to  state 
that  that  evidence  of  mine  in  this  liook  h  mutihiied; 
that  evidence  is  a!V»rgory;  Ihnlevidcnee  is  niaiiipii- 
kted  to  read  differeittly  from  wluit  it  ought  to; 
other  words  have  been  Biibslitiitod  i\w  the  ones  I 
naed  in  my  tostiniony.  I  rt^pudiato  it.  I  sjiid,  *^  In 
rviillty  1  am  not  only  the  Inventor  of  two  shells,  ns 
I  have  thrve  pntentt/ur  improvemcnU  in  jtrojcctUis. 
but  I  am  the  maker  of  two  ahelU  known  separutely 
to  the  Ordnanee  Bureau.'  >'  *  •  • 

Q.  *^  Whtui  did  you  write  that  down  in  the  man- 
ner you  have  jikst  read?" 

A,  ''  Thw  morniiig,  sir  '^ 

Q.  ''  Who  suggested  that  to  you  ?** 

A.  *^  I  ftuggcsted  it  to  myself  before  I  came  here 
to  Washington,  when  I  read  the  evidence  in  New 
York.  I  was  so  disjs^uated  with  it,  I  meant  to  liave 
the  matter  known  if  I  only  had  an  opprirtimity. 
That  b  not  the  only  specimen.  If  1  were  all  owed 
t^  digest  it,  and  if  I  had  the  time,  it  would  make  a 
difterenl  story,  so  fsir  as  my  evidence  is  C4jncerneil." 
(^Mr.  Absteriiam  then  |ioiatsout  three  more  iusUuices 
of  flagrant  mutilation.] 

The  reports  of  offieers  upon  the  relative 
merits  of  the  Eureka  atjd  other  projectiles, 
upon  which  important  matters  were  made  to 
tnrn,  and  charges  ha^^ed,  were  shown  to  have 
been  grossly  perverted  in  the  hands*  of  the 
committee  by  the  production  of  originals  in 
evidence  before  the  court. 

With  respect  to  the  5th  point,  it  will  suf- 
fice to  say  that  the  prot^ccution  do  not  oven 
attempt  to  show  that  Gen<  Dyer  ever  re- 
ceived any  benefit  from  official  transactions* 
and  as  for  the  suppression  of  evidence,  the 
charge  was  shown  to  be  as  cool  a  piece  of 
deliberate  falsehood  as  wc  ever  heard  of* 

As  to  the  6th,  we  have  not  room  to  speci- 
fy, but  can  promise  the  most  absolute  proof 
and  satisfaction  in  referring  the  inquirer  to 
the  record  of  the  court. 

Arrick's  own  testhnony  is  categorical  re- 
specting the  seventh  point. 

It  ia  to  bij  regretted  that  the  inquiries  of 


the  court  eunnot   be  extended  aUo  t^  tki 
rece?U  report  of  this   committee.     Bui 
exposure  of  the  animus  of  the  fint 
may  discredit  also  the  second,  and 
a  brief  examination  of  the  latter  may 
to  put  it   into   its   proper   connection 
seems    that    Messrs.     Arrick,    Wiard 
Ames,   after  their  success  in   j 
Dyer  in  Umbo,  proceeded  to  tl 
viz :  a  more  swceplog  and   explicit  laastv 
ment  of  the  whole  Ordnance  Department, 
and  a  condemnation  of  its  material 
as  the  committee  could  help  them,  i 
c ceded   here   also.     The    third   sit] 
abolition  and  a  substitution  of  a  r 
their  own— a  Board  under  control 
ians  (/.  c,   of  Arrick  and  Wiard),  ™  -^. 
yet  been  taken  and  is  not  likely  to  be. 

I.  The  report  (February  15th,  I >i*^*^    ^-- 
gins  by  the  astonishing   statement 
increase  of  calibers  neees.sitat^d  by 
warfare  has  "develo|)ed  a  reinark.j 
puzzling  fact,  viz:  that  systems  of  Ulin-.v 
tion  which,  with   small  calibers,  gaT*  fooJ 
endurance,    when  applied     to    lar^^ 
proved  to  be  failures.*'     The  comin 
seems,  wish  to   express   their   ignorAUwr  of 
the  first  ground  rule   of  constructivr  ror- 
chanics,  that  with  an  increase  of  dii: 
the  j^trains  increase  in  a   higher  th' 
the  streugtb — a  principle  as  appli 

guns  as  it  is  to  girder  bridges.    Thu  . 

things  being  equal,  the  intensity  erf  the  force 
of  the  powder  will  bear  a  definite  ratio  ta 
the  length  of  the  shot.  This  force.  actt»| 
upon  a  long  shot,  has  to  overcome  the  taertis 
of  a  greater  amount  of  tnetal  per  sijuareitH^h 
of  surfaee  in  the  base  of  the  shot  than  wbeti 
acting  against  a  short  one.  Since  an  increifl* 
of  caliber  involves  an  increase  of  length  in 
the  projectile,  the  intensity  or  amount  |icf 
square  inch  of  explosive  foroe  ioefOilCi 
accordingly.     How  '' puzzling  T^ 

The  report  proceeds: 

**  Khihorate  experiments,  ntretching  OT«»f  n  prrUtd 
t>f  yearsr,  have  heen  carried  on  in  Europe  an*]  j.lifu!»f- 
ica  In  solvf?  this  |)roblera,  and  many  new  tyctcmA 
w  hfoh  in  theory  promised  irucce.^  have  boca  kiqqb- 
sivety  tried  and  abandoned,  nearly  all  of  tJuoo  lOC" 
cpeding  in  small  guns  but  failing  In  large*  oi>#mi,  uxA 
failiuf;^  too,  in  a  manner  which  increased  ihe  cirm* 
plleat  ions  of  the  prtdilera — a  gnu  i  "  *  \  tfuditrtt^ 

over  2,000  rounds,  whik*  anoth«  v  flmlUrr 

would  explode  after  a  few  flrr 
of  tht?  strongest  mat<?rlal  st«»mcii 
the  weakest  when  put  to  the 
prej*ent  hftj*  guns  of  largv'  calltMr,  ti>e  eikiiuTi 
which  can  Ix'  estimated  with  nny  de|?TC'*  of  i^prli 
This  difficulty,   serious  enough    witSi 
gnus,  is  greatly  increased  in  ritieM,  '  i 
being  the  Urgent  rided  gun  tliat  tiaj*  v.^jlm»c^ 
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mtively  good  endunuice  in  this  country,  while 
•ope  no  wtore  taiiejactory  remit  kae  been  ob- 

cording  to  their  own  showing  then, 
igh  thousands  of  dollars  have  been  ex- 
d  in  £arope  on  ordnance  experiments 
t  one  has  been  expended  here,  and 
h  Europe  has  machinery  which  this 
ry  will  not  have  for  many  years  to 

we  are,  after  all,  Tiot  behi?id  any  na- 
il the  world  in  respect  to  ordnance. 
:ing  of  **  strongest  materials  "  proving 
»t,  the  committee,  I  presume,  refer  to 
^ht  iron  and  steel — metals  not  used  by 
rdnance  Department,  except  the  for- 
or  the  3- inch  rifle.  We  thank  the  com- 
c  for  this  unintentional  assent  to  our 
ee,  which  is  the  use  of  cast  iron. 
ling  the  remark  upon  the  inequalities 
durance  of  similar  guns,  we  are  very 
18  to  know  upon  what  evidence  this 
ion  is  founded.     Imperfections  are  as 

to  creep  into  individual  guns  as  into 
ther  mechanical  contrivance,  in  whicli 
he  cause  of  failure  may  be  discerned 
spection.  Lastly,  the  value  of  the 
ion  that  no  nation  has  a  reliable  sys- 
f  heavy  ordnance  turns  upon  the  word 
ible."  If  it  means  that  no  system  has 
levised  by  which  we  can  warrant  a  long 
»  every  gun  fabricated  on  it,  whatever 
iie,  as  a  mathematical  certainty,  we 
L  The  committee  might  also  have 
Bted,  in  the  same  connection,  that  we 
DO  *'  reliable  "  steam  boilers,  no  **  reli- 
*  ships,  no  "reliable"  railways — in 
that  the  millenium  has  not  come. 
i  is  no  more  reason  why  an  infallible 
thould  be  expected  of  the  Ordnance 
rtment  than  infallible  wisdom  from  an 
nee  committee.  We  have  no  objection 
omparison  of  fallibilities.  We  hope  to 
before  we  are  done  that  if  our  guns  arc 
Molute  perfection,  and  do  not  preclude 
Msibility  of  improvement,  they  are  de- 
ly  superior,  in  respect  both  of  power 
nrability,  to  those  of  any  other  system 
Inance  in  any  nation  of  the  world. 

The  report  then  proceeds  to  state  that 
lea  that  rupture  is  produced  mcrel}*  by 
[plosive  force  of  the  powder  is  an  error, 
§  shown  bv  the  fact  that  the  pressure 
wder  has  been  found  to  be  uniform,  as 
es  a  uniform  range  to  the  projectile, 
t  times  does  not  burst  a  gun  made  of 
\T  material  than  others  which  have 
when  fired  with  like  charges.*'  This 
re  ignorance  on  the  part  of  the  author 


of  the  report.  The  pressure  has  rua  been 
found  to  be  uniform,  or  anything  like  it.  It 
is  subject  to  the  widest  variation's,  not  only 
as  between  guns  of  different  calibers  (which 
is  obvious  enough  on  principle),  but  as  be- 
tween guns  of  the  same  caliber  and  pattern. 
Uniformity  of  range  does  not  by  any  means 
warrant  the  inference  of  uniformity  of  pres- 
sure.  Indeed,  this  pressure  is  regulated  by 
the  grain  and  quality  of  the  powder,  and  the 
grain  may  be  so  selected  that  in  the  average 
results  of  an  indefinite  number  of  trials,  all 
degrees  of  pressure  may  be  obtained  at  will 
between  widely  separated  maxima  and  mini- 
ma limits,  while  the  range  remains  constant. 
But  in  rifled  guns  there  is  another  source  of 
variation,  even  with  identical  charges,  viz : 
the  enormous  friction  of  the  shot  against  the 
bore,  to  which  may  be  added  the  length  of 
cartridge  and  the  unequal  times  required  for 
complete  ignition.  All  practical  artillerists, 
who  are  well  acquainted  with  experimental 
firing,  are  familiar  with  these*  causes  and 
know  the  existence  of  wide  variations  in  the 
pressure,  as  indicated  by  the  pressure  gauge. 
The  following  citation  from  experiments 
made  at  West  Point  on  a  100-pounder  Par- 
rott  (see  "  Holley's  Ordnance  and  Armor," 
pp.  478-481),  illustrates  the  matter: 

CnASGE  10  Lbs.  of  Powdbr;  Elevation  5  Ds- 
GRESs;  Projectile  994  Las. 


No. 

Powdor. 

Range. 

Preitara. 

^Qpont  7. ..«•.•  ...**. 

8,078 
S,180 
2,251 
2,308 
2,221 
2,370 

88,000 
45,300 
80,000 
86,000 
27,500 
114,000 

DuDont  7. .a ■  •  ■•   ..... 

UasftrdT 

Hasard  7 

BcnDiDfifton  5. .... .... 

Hasard  cake 

Charge  10  Lbs.  ;  Elevation  15  Degrees;  Pro- 
jectile 100  Lbs. 

No. 

Powder. 

Range. 

Preuara. 

13 

Dapont  7. .. .•••... ... 

4,830 
4,911 
4,790 
5,030 
4,735 
6,045 

32,030 
48,700 
60,360 
64,000 
99,002 
102,980 

16 
17 
18 

Uaiard7 

DupoDt7 

Dupont  7 •.... 

20 
21 

Haiard7 

Haaard  7 

These  two  selections  are  hut  samples  of 
what  may  he  found  in  every  experimental 
record  with  rifled  guns.  They  show  con- 
clusively that  range  ^lone  is  np  measure  of 
the  pressure.    As  the  oommittee  cite  no 


392 


VAN  NOSTRAKD'S  ENGU^TEERING  MAGAZINE, 


I 


I 


otlier  *'  facts  '*  to  austain  their  af:sertion  we 
fairly  infer  that  they  have  Tn>nc  to  cite. 

IIL  After  mcntioirmg  the  viiriuus  Euro- 
pe ao  systems  ami  pr*mo  unci  tig  them  failures, 
the  report  declarcH  the  Kodiuan  guns  fail- 
ures with  the  rest »  and  in  pn»of  quotes  the 
report  of  the  Chief  of  Ordnance  of  the  Navy, 
who  says : 

**  Opinions  differ  quite  aa  \i'idely  in  regard  to  the 
preferable*  tnfjde  of  developing  ordnance  power, 
whether  it  slwiU  be  l>y  smooth  or  rilled  borea,  by 
loading  at  hreech  or  at  innzstle^  nmde  from  irou, 
caift  or  wnnjght,  or  from  steel,  soHd  or  in  ec»riueeti>d 
ptirts.  The  relation  of  mass  to  velocity  is  also  un- 
settled, hi  fjct  the  questioD  involves  I  ho  netiessity 
of  goiDg  hack  to  fiuiduniciiiiii  principlcH,  and  start- 
iug  thence  by  well  conducted  expeririieuts.'' 

Tn  other  words,  the  statement  of  the  Chief 
of  Ordnance  of  the  Navy,  that  **  opinions 
d lifer  as  to  the  best  mode  of  developing 
ordnance  power,"  U  proof  that  the  Rodman 
guns  cannot  do  what  is  expected  of  them. 
Really  Jack  Bufisby*a  logic  is  getting  to  be 
very  coniratuiplaee. 

IV,  The  reader  will,  therefore,  appreciate 
the  force  of  the  rem  arks  which  follow  thi» 
profound  criticism  of  the  expert  committee: 

**  It,  therefore,  apiR^ir?  that,  notwithstanding  a 
long  series  of  experiments  extending  over  a  long 
period  uf  years,  and  the  practicJil  oxperience  of  onr 
recent  war,  the  ordnance  officers  of  t!i«  governmeut 
httv  not  yet  deternuntMi  upon  even  the  fiindainental 
pHnci]*lcsof  their  art,  and  posjw'ssno  positive  know- 
ledge of  the  problem  ihey  have  so  long  thought  to 
soive.  Mechanics  is  an  exact  science,  and  iguoranet? 
of  that  hraneh  of  it  involved  in  the  constnictinn  oC 
gnus  w<)uld  seem  to  show  eitliLT  want  of  knowledge 
of  its  pnnctples-  taihire  to  understand  their  appliea- 
ti'»n,  or  superticiality  of  investigation.  suq)riijing  m 
men  whtwe  minds  have  licen  from  boyhood  triiincd 
in  the  direction  of  a  specialty,'' 

These  remarks  are  higlily  edifying,  coming 
as  they  do  from  a  committee,  who  begin  their 
report  by  confessing  ignorance  of  causes  of 
failure  in  large  guns  at?  distinct  from  small 
ones, — assert  that  rupture  is  not  due  to  the 
expansive  force  of  powder  alone, — that  range 
IB  a  measure  of  the  pressure,  and  that  tlie 
Kodman  guns  are  failures  because  the  Chief 
Ordnance  of  the  Navy  says  **  opinions 

'cr  as  to  the  best  uietiiods  of  developing 
ordnance  power  V* 

In  support  of  the  assertion  that  each  sys- 
tem of  guns  introduced  has  tailed  in  practice, 
General  Gilmore  is  represented  as  reporting 
that  while  only  twenty-two  large  gnus  were 
mounted  at  Morris*  Island  at  one  time,  fifty 
in  all  burst  during  the  siege.  This  is  not 
true*  That  report  states  t!hat  twenty  four 
burst,  and  this  number  includes  a  80-pdr. 


which  had  been  fired  4.606  roir 
elevation,— the  most  remarkal 
less,    on   record,   of  any  gun. — and  ixi% 
lUO^pdrs,  which  had    been   6ri*d  morw 
one  thousand  rounds — iiu  ample  cDtlnn 
for  any  rifle  of  that  caliber,    Wc  nh&U  i 
of  the  Parrott  guns  further  on. 

The  statement  that  Admiral  Por 
clarcd  that  all  the  Parrott  guns  used  1$ 
fleet  to  bombard  Fort  Fisher  had  7 1 
we  believe,  literal ;  but  the  gallant 
as  the  committee  might  have  kut  .^ 
probably  did  know,  officially  rctracled  tUil 
statement,  and  paid  a  high  tribut«  tol' 
on   a  subsequent  oeea^ioUi     However 
may  be,  how  do  the  committee  suslan 
charge  of  failure  upon  a/ 1  systems  wheii| 
have  only  attempted  to  quoto  ikd 
the  Parrott  system  ? 

V.  The  next  ^tep  is  an  attempt  toi 
that  the  rupture  of  guns  is  due  to  mole 
tenijion,  caused  by  the  heat  of  rapid 
which,  they  say,  assists  the  explo:*ive 
of  the  powder.     Here,   gentlciuen,  re 
of  the  '*EcLECTic,*'  is  the  **cat  in  the  m€ 
To  nine-tenths  of  you  probjibly  this  tttarl*! 
ling  hypothesis  is  no  stranger.     The  perti-j 
nacity  and  self-aasurunec  with  which  Uliil 
been  urged  by  its  author,  has  not  all«iwfdl 
many  people  to  remain  in  ignoranc  c  of  it ' 
After  years  of  untiring  solicitatioD,  of  p#f* 
secution  of  every   variety   of    go\crtjm*'at 
official ;  in  spite  of  the  reticence,  or  puticut  j 
refutation,  or  ridicule,  or  snubbing,  ricfonf* ' 
ing  to  the  temperament  of  iudividu 
he  had  always  encountered,  he  has  ; 
in  urging  it,  and  has  at  last  found  two  mdvo*! 
cat€8.     One  is  Mr.  Benj,  F.  Butler,  andik«j 
other  the   editor  of  **  The   Tribune/'    Wt 
congratulate  Mr.  Norman  Wiard.     He  \ 
bit  upon  the  persons  of  all  others  best  qii»rM 
fied  to  champion  tins  new  revelation  of  hit 
which  is  to  overturn  all  the  systems  of 
fare  now  in  vogue    tbroughout    the  worW 
Surely  the  brilliant  projector  of  the  Dui- 
Gap  canal,  of  the  Fort  Fisher  powJcr  h« 
and   the  advocate  of   Col.    St3rreir»   Hyij 
machine,  is,  of  all  men,  the  onta  be^  c|ti 
fied  for,  and  congenial  to  thvs  ia^k  of 
vincing  the  world  of  Mr.  W lard's  hesl  llie- 
ory.     We  regret  it  should  ever  be  Dec»i 
to  speak  seriously  of  such  a  matter.     Bnt  1 
is  useless  to  deny  that  Mr.  Norman  Wiar 
the  laughing-stock  of  every  expert  and  eoj 
neer  wbo  has  heard  his  name  (and  mc 
them  have),  is  one  tbin^,  and   Norma 
ard,  wielding  the  thunder  of  a  great 
CougressioDal  Committee,  is  anolhor. 
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Mline  to  enter  IdIo  any  discussion  of  his 
BolLsL  hypothesis,  but  wo  are  forced  to  ad- 
lit  or  deny  the  statements  the  committee 
iBTe  published  for  him. 

(1.)  It  IS  stated  that  the  conditions  of 
im>id  firing,  which  often  occur  in  service,  do 
lot  appear  to  have  been  realized  in  cxperi- 
Dental  firing,  and  therefore  the  destructive 
ifects  of  heat  have  escaped  the  notice  of 
vperimenters.  This  is  untrue.  In  1863, 
omparativc  trials  of  banded  and  unhanded 
[US  were  made  by  direction  of  the  Ord- 
lanee  Department,  and  the  effect  of  rapidity 
i  firing  was  one  of  the  specially  designated 
•bjects  of  the  investigation.  These  guns 
rerc,  therefore,  fired  more  rapidly  than  has 
Tcr  been  practicable  in  action,  rangiuir  from 
3  to  140  rounds  in  two  hours,  and  nothing 
rhatever  was  developed  to  show  that  heat- 
Dg  rendered  them  liable  to  burst.  In  the 
eport  of  the  siege  of  Charleston,  General 
I'amer  states  that  after  his  officers  and  men 
Ad  become  experienced,  the  machinery  of 
he  carriages  working  smoothly,  the  100- 
onndcr  could  be  fired  once  in  5  minutes, 
be  8-inch  rifle  once  in  7  or  8  minutes,  and 
he  lU-ineh  rifle  not  oftencr  than  once  in  10 
ainntes.  Eight  rounds  per  hour  is  rapid 
iring  for  sea-coast  guns.  In  experimental 
»ractioe,  the  100-pouudor  has  been  fired  20 
ounds  in  '2  hours ;  the  8-in(*h  rifle,  24 
ounds  in  2  hours  20  minutes;  the  10-inch, 
^3  rounds  in  2  hours  20  minutes.  After  the 
isaeter  at  Fort  Fij*her,  three  100-|»oun<ler 
iflcs  used  in  that  action  were  fired  1,000 
ounds  each  }»y  direction  of  the  Naval  In- 
estigating  Committee,  with  a  view  of  ascor- 
liniug,  if  pus>ible,  the  cause  of  the  burst- 
ag  of  the  guns  in  that  action.  These  guns 
11  fituu'l  the  test,  and  were  fired  during  a  i 
irge  portion  of  the  trial  with  greater  rnpid- 1 
:t  than  could  possibly  havu  been  obtained  j 
1  action,  because  no  time  was  lost  in  sight- 1 
ig.  Kapidity  of  firing  has  often  been  the 
ubjc-ct  uf  exporiment  where  guns  have  been 
at  to  extreme  proof. 

•;2.)  The  committee  speak  of  the  eflfects 
f  the  cooling  of  red-hot  wrought-iron,  of 
be  stniins  inaugurated  in  the  cooling  of 
whvn  iron,  i^c,  (&c.  As  we  see  no  connec- 
iun  between  these  hackneyed  facts  and  the 
vhaviiir  of  guns  under  fire,  we  omit  to  no- 
ice  them  further. 

VI.  The  spontaneous  rupture  of  guns  is 
IlaJcd  to.  This  occurs  sometimes  in  very 
irge  ea.sting9  whcr«*  certain  grades  of  iron 
re  useil.  .So  far  as  guns  are  concerned,  it 
t  liable  to  occur  under  bad  management  or 


carelessness  whether  the  gun  is  cast  solid  or 
hollow.  But  every  iron  founder  is  well 
aware  that  there  are  some  grades  of  iron  too 
high  for  guns.  It  is  not  that  which  gives 
the  highest  tensile  strength  which  is  best 
suited  for  gun  metal.  The  requisite  mate- 
rial must  have  also  a  high  degree  or  modu- 
lus of  elasticity.  The  selection  of  the  pro- 
per grades  and  qualities  is  a  matter  of  ex- 
treme delicacy,  and  only  the  most  perfect 
accuracy  can  insure  the  result.  From  the 
waste  metal  of  every  rough  gun  are  taken 
test  specimens,  which  are  tested  by  the  pro- 
per machinery  as  to  their  precise  qualities, 
and  any  unusual  deviation  from  the  experi- 
mental standard  subjects  the  gun  from  which 
it  is  taken  to  extra  proof,  or  possibly  even  to 
rejection  without  trial.  But  it  is  satisfac- 
tory to  know  that  such  deviations  seldom 
occur.  When  they  do  occur,  it  is  not  to  be 
wondered  at  that  the  disturbance  of  the  re- 
lations of  molecular  forces  should  manifest 
itself  in  spontaneouJj  rupture.  If  the  com- 
mittee will  obtain  the  passage  of  a  law  of 
Congress  so  altering  the  atomic  constitution 
of  elementary  matter  that  it  shall  not  devi- 
ate from  standard  behavior,  and  agree  to 
enforce  it,  the  Ordnance  De^iartment  will  no 
doubt  consent  to  adopt  the  metal  thus  pro- 
vided. 

VII.  We  now  come  to  the  culminating 
point  of  the  report : 

**  The  Tact  tliut  tlu;  t>r(lnance  ofliorrs  of  the  Gov- 
iTnnit^iit  iiiiil  it  necessjiry.  at  tliis  late  day,  to  return 
to  the  riuHnu'iits  ol'  their  art.  •  *  •  shows  a 
di'fect  in  tho  orpaiiizal ions  of  the  Ordnance  l)ej>art- 
miMits  calliiii^  lor  a  roniedy.  The  difficulty  appears 
to  have  hiM?n  two-fohl  ;  lirst.  tlie  ordnance?  otfirers, 
knowinjr  tli<'ir  i»ositi4Uis  secure  to  them  for  life,  Iiave 
nut  felt  the  incentive  to  exertion  and  improvement 
which  stimulates  men  not  in  the  (jovornmcnt  eni- 
jiloy.  and  they  liave  ln'come  attached  to  routine  and 
to  the  traditions  of  their  (M>rps.  Jealous  of  innova- 
tion and  new  ideas,  and  slow  to  adopt  improve- 
ments. .\n  illustration  of  this  is  found  in  the  fact, 
that  the  late  war  was  foujrht  with  muzzle-loading 
;;un»  (with  the  exce]>tion  of  carbines  for  cavalry), 
although  a  vnriety  of  excellent  l)n'ech-U)aders  were 
urgetl  uixm  tin?  attention  of  the  (lovernment  con- 
stantly, and  the  honor  was  reserved  lor  Prussia . 
with  a  weapon  inferior  to  many  American  inven- 
ti«>ns,  to  <U'm»»nstrate  the  immeasurable  supcrii»rily 
of  breech -loadinjr  guns." 

The  (rharge  of  undue  conservatism  we  shall 
not  notice,  further  than  to  say,  it  is  quite 
true  with  respect  to  the  **  improvements " 
urged  by  Mr.  Wiard.  That  eonservati.sm 
still  exists,  and  we  venture  to  prophesy  that 
it  will  continue  to  exi>t  when  the  humble 
writer  of  this  notice  gets  to  be  Chief  of  Ord- 
nance, at  some  dim  distance  in  the  future. 
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The  **illiLstration^*  contains  the  same  aiiiouut 
of  fal&itieatioa  as  many  others.  Primarily, 
the  report  speaks  of  the  substitutkm  of 
breeoh  for  musxle  loadcrH^  trn  if  it  were  a 
matter  for  inHtantaneous*  decision,  involving 
no  grave  respon.Hi  bill  ties.  In  the  year  18liU 
no  nation,  and  it  is  probably  safe  to  say  few 
individuals,  thought  of  the  general  use  of 
brcotdi-loaders  for  infantry.  Early  in  the 
war  quite  a  number  of  infantry  regimeutH 
were  armed  with  the  best  brceeh-loaders 
known,  and  after  a  trial  the  advantages 
failed  to  appear.  The  first  good  breech  or 
**  magazine  *'  loader  offered  wa»  the  Spencer, 
Kumerouii  regiraente*  were  armed  with  it  in 
the  year  1864,  perhaps  earlier,  and  its  merits 
in  the  hands  of  experienced  troops  were  fciuud 
to  be  decided.  Every  Spencer  that  could  be 
obtained  was  taken  by  the  Department  for 
arming  the  eavalry,  where  its  advantages 
were  much  more  conspicuous  than  in  the  in- 
fantry. But  the  wliolo  system  of  breech- 
loaders  was  so  hedged  in  by  patent  rights, 
and  these  rights  so  powerfully  backed  up  by 
political  influence,  that  a  general  armament 
of  the  troops  with  these  weapons  was  out  of 
the  question.  Still  the  necessity  for  breech- 
loaders and  their  ultimate  adoption  was  fully 
recognisted  by  the  Ordnance  Department,  and 
in  I8G5,  the  end  of  the  war  being  felt  to  be 
near,  vigorous  steps  were  instantly  t4*ken  for 
their  supply,  freed  as  mucb  as  possible  from 
the  interoperable  clog  of  patent  rights.  The 
result  1ms  been  the  adoption  of  a  breech- 
loader which  the  Departnjent  claims  to  be 
superior,  by  many  degrees,  to  any  in  the 
world,  and  unhampered  by  the  claims  of 
patentees.  Looking  back  with  convictions 
now  universally  entertained^  it  is  easy  to 
ask,  why  were  not  these  muskets  adopted  at 
the  outset?  Grjing  back  and  looking  for- 
ward we  may  reply,  because  no  living  man 
can  predict  any  advantage  fur  thura.  There 
was  just  one  course  to  be  followed  in  the 
premises  —  to  select  the  most  promising 
breech-loader,  put  it  into  the  hands  of  the 
best  regiments,  and  abide  by  the  result. 
And  this  is  precisely  what  was  done.  So 
tar  from  Prussia  setting  us  the  example, 
Prussia  had  the  benefit  of  our  experience. 
Was  anything  heard  in  Europe  before  Koe- 
niggratz  of  lireecli-loaders  ?  Before  that  great 
day  they  were  known  and  recognized  here. 

The  report  continues : 

*'  Iti  the  »w?t.'ond  place,  these  officers ,  educated  to 
a  njK'cirtlty  nnd  proud  of  their  ptsitions,  come  U» 
U>>k  TiptiTi  1hrrnH4.'heH  as  po'i>o!t»!jiujf  ull  the  Itiiow- 
l«Hlj,;e  cxt.oit  ujioii  tilt*  Mibjert  of  ordiiioicc,  and  re- 
giird  citUcu  iavcutura  uud  mechiiuica  who  otter  im- 


^1^ 


provementf   in   arms,  am    i^oriktxt  and 

iKTuoTis  and  |>rot«ntious   inn(»v(»t4»r«,   ^h**  ^iw^ 

cUn'm  to  cort«)iderAtioii.     \< 

iiivfiitivc  taUnt  of  the  ci^ 

In  Viavc  constantly  <!l 

jditiiits  of  improper 

Ik'CU  Imid  before  tji- 

buvc  sought  to  draw  the  alteutiou  ot 

thurltiea  to  what  were  nuppOMM  to 

pies  couuected  with  their  tirt." 

It  will  be  observed  that  ^Ir.  Wiarl 

from  bitter  experience,  nnd  vc  cou 
others  who  probably  Imve  &iimUr  eom^Lk^ui 
to  make. 

^'  Another  diflfionlty  thiit  ha*  r^LirdM  [ 
the  science  of  ordu^iice  h:*»  \n^"t\  thf  f^ri  tlol  | 
rriiiu'dt  «itlleer«  h^ve   h^r^ 
have  posseivscd  ^utBcient  ir 
tluu  ami  rL'teotioii  in  scrvic*/  .i 
(jueiitly  with'>ut  rcgtird  to  thf  n 

atjd  to  the  prejudice  v(  oth*.'i 

hrought  forward  by  cilbeua  or  di5vehip<.<d  m  i 
countries.^' 

We  are  familiar  with  nearly  ererT  iftillli 
used  in  the  ordnance  service — ^i  '    •tA 

all  important  articles.     A  4]u:i  .ii 

of  ordnance  stores  from  some  of  uui  ai 
has  been  known  to  embrace  Aome  12,000  9i 
13,00U  different  names  of  articles.     We 
spent  some  time  in  looking  over  the  liit 
As  the  result  of  our  examination^  we  are 
able  to  find  any  article  ujmiu  wbii  Ii  aur 
nance  officer  is  interested  pecnu 
way,  by  patent  or  royalty,  diri,   ., 
rectly,  unless,  indeed,  in  some  small 
'accounted  for,  which  will  be  stoppt  ; 
the  accounting  officer's  pay,  when  t 
tor  gets  hold  of  the  vouchers,     il 
man  did  have  a  patent  on  bis  metlu> 
ing  guns,  which  he  sold   for  a  rovj-iiv    iv 
Chas.    Knap,    of  Pittsburg,  in    1S47.  'Tb* 
patent   expired   in   IHtJl,   was    renewed  fwr 
seven  years,  expiring  again   by  limiiatitin  m 
IWSy  and  has  not,  I  believe,  betsn  sine« 
newed.     As  long  ago  aa  1861,  a  hue  and 
was  raised  against  the  Hodman  patent,  ^a 
when  the  petition  for  renewal  wa**  Ir  ,,i-Tt 
before  Congress,  a  committee  of  i 
tion  was  appointed,  consisting  of  Ht.i...  ,^ 
ort  Dn\e  Owen  and  Joseph   Holt.     T\ut 
suit  was  that  Gen.   Rodman's  right  Ui 
^>atent  was  fully  sustjiined  and  the 
granted.     We  have  known  of  a  few  i 
where  patents  for  ordnance  sitorcs  hmro 
taken  out  by  ordnance  officers,  but  ii© 
cles    were    not   adopted    by    the    Ordlii 
Hoard.     The  sentiment  and  pr3»ctio#  oi 
ofBcers  of  the  corps  is  against  patfiQlt]||(  a; 
improvement,  excepting  where  tht  iiiviiit«f 
has  been  put  to  great  private  ext:*oiUM«  for 
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tiGn,  though  the  right  to  do  so  is  main- 

II.  We  now  come  to  some  statements 
ict "  which,  with  much  falsehood,  have 
sure  of  truth  in  them,  though,  by  their 
cement  and  juxtaposition,  they  are 
to  yield  inferences  as  false  as  any 
\y  showing  that,  although  figures  do  not 
len  will  sometimes  lie  tremendously 
figures. 

c*t  diversity  exists  in  the  two  brandies  of  the 
:,  respecting  the  arms  adopted  and  the  man- 
proving,  mounting  and  using  the  same.  The 
s,  models,  chambers  and  ammunition  of  tlie 
UDS  are  entirely  unlike  tliose  in  use  in  the 
For  example,  the  ^uivy  12-pounder  boat 
er  has  a  caliber  of  3.4  inches,  while  the  army 
nder  guns  are  of  the  calibers  of  3,  3.2,  3.07 
)  iuches." 

3re  is  but  one  army  12-pounder  now  in 
e,  and  that  is  4.G2-inch  caliber.  Of 
uns  referred  to,  tbe  only  ones  having 
esignated  calibers  are  the  3-inch  rifle, 
,  it  is  true,  fires  a  shot  weighing  some- 
near  12  lb. — 1.  e.,  9.J  to  11^  lb.,  and 
6T-inch  or  20-pounder  Parrott.  Surely 
man  being  ever  before  thought  of  call- 
ese  guns  12-pounders.  The  20-pounder 
tts  were  seldom  used  except  as  sic^e 
though  they  were  not  uncoiumon  in 
kvy.  There  is  a  discarded  "  12-pound- 
:hat  is  Mr.  Wiard's  own,  though  he 
lot  mention  it.  Specimens  can  be  seen 
r  arsenals,  put  up  among  the  *^nondc- 
a"  to  illustrate  the  freaks  of  inventive 


ic  m«xiol«  of  the  two  guns  are  entirely  differ- 
that  neither  could  Ix;  u^MMl  on  the  carriage  of 
ler.  The  system  of  sighting  is  also  difterent. 
ler  in  one  arm  of  the  .service,  without  Ki>eciul 
lion,  could  not  \i»e  a  gun  belonging  to  the 
Cine  being  graduated  to  si'conds  of  time  of  the 
f  the  shot,  the  other  to  degrees  of  elevation." 

would  also  add  for  the  benefit  of  the 
»rmed,  that  the  navy  guns  are  also  un- 
led  with  horses,  and  tbe  sailors  are 
at  picks  or  shovels,  and  even  caissons 
attery  wagons  are  wanting  in  the  naval 
nent.  Seriously — if  it  is  possible  to 
•ious — what  do  the  committee  mean  by 
g  either  eun  on  the  carriage  of  the 
**  What  Kind  of  service,  and  on  what 
nt  do  boat-howitzers  perform,  or  are 
runs  used  ?  What  does  Jack  want  of 
ilulum-hauKse  when  sighting  his  gun 
I  the  waves,^or  a  soldier  of  a  time-scale 
id? 

is  impfMiHible  to  use  na\7  ammunition  in  an 
^m,  or  army  ammunition  in  a  naval  gim.'' 


That  being  the  case  we  should  by  all 
means  advise  the  navy  to  use  their  own 
ammunition  exclusively,  and  we  tender  the 
same  advice  gratis  to  the  army.  Yet  it  is 
freely  acknowledged  by  ordnance  officers 
that  the  advantage  of  a  uniform  system  in 
the  higher  caiihers  is  a  fair  subject  for  dis- 
cussion, to  say  the  least,  though  the  disas- 
trous consequences  of  a  lack  of  it  is  the 
veriest  bugbear.  Not  pretending  at  all  to 
'* speak  by  the  card"  in  this  matter,  I  yet 
venture  the  surmise  that  army  ordnance 
officers  are  more  than  willing :  I  know  noth- 
ing about  the  navy  opinion.  The  20  and 
15-inch  guns  are  nearly  conformable  already. 

IX.  In  presenting  their  conclusions  the 
committee  say  that 

(1 .)  "  No  more  hoa>'y  guns  should  be  pmx;hased  " 
at  present. 

(2.)  *'  The  Rodman  system,  while  partially  suc- 
cessful in  smooth  bores  and  small  calibers,  has  so 
far  failed  in  rities  of  larger  caliber  as  to  show  it  to 
be  unworthy  of  further  confidence.  •  ♦  ♦  The 
principle  of  initial  tension,  which  is  the  basis  of  the 
Rodman  system.  api)oars  to  be  of  doubtful  utility, 
especially  for  rifled  guns.  This  tension,  it  is  admit- 
ted, gradually  disappears  with  age,  and  is  finally 
entirely  lost." 

We  are  curious  to  know,  if  the  Rodman 
smooth  bores  are  *'  partially "  successful, 
what  a  complete  success  would  be.  We  have 
before  us  a  list  of  cannon,  **  burst  or  other- 
wise failures,  in  the  national  service  "  since 
18()0,  published  in  the  "Tribune"  of  April 
oth,  as  we  have  reason  to  believe;  by  Mr. 
Wiard.  It  is  *'  prepared  from  reports  and 
evidence  before  the  Joint  Committee  on 
Ordnance.'*  The  recapitulation  states  that 
twelve  15-inch  llodmans  were  disabled. 
Looking  over  the  "full  catalogue"  we  do 
not  find  any  specified,  and  we  are  morally 
certain  there  have  never  been  any  such  dis- 
asters to  specify.  The  recapitulation  con- 
tains six  15-inch  Rodmans  self-burst;  the 
catalogue  specifies  only  three.  As  these 
burst  before  they  were  inspected,  and,  there- 
fore, were  not  in  the  national  service,  they 
do  not  belong  to  the  list.  One  13-inch 
Hodman  is  specified  as  bursting  at  the  738th 
fire — a  fair  endurance  for  that  caliber. 
Here,  then,  we  have  one  gun  out  of  the 
thousands  built  on  the  Rodman  plan  for 
smooth  bores  which  has  burst,  and  that 
after  a  fair  endurance,  and  this  upon  the 
committee's  own  ex  parte  evidence.  We 
hope  we  shall  live  to  see  a  perfectly  success- 
ful gun  according  to  the  idea  of  the  com- 
mittee. 

The  recapitulation  specifies  eleven  10-inch 


and  12-mch  rifles  on  the  RodmaD  plan  as 
disabled.  The  catalogue  speeities  one  8-iuch 
(ibe  firi^t  one)  at  8U  rauodti,  and  one  H-inch 
lit  1,U47  rounds — a  ver}*  fine  eudurance^ — 
and  one  12-inch  at  470  rounds.  This  last 
gun  was  burst  by  the  breaking  and  wedging 
of  the  ftbot  in  the  bore,  the  pressure  gauge 
sliowing  a  foiee  of  135, UUU  Ihs.  I  at  th«  iinal 
discharge.  Two  other  12-ineh  riile8  are 
**  reported  injured,"  but  thuir  injuries  have 
never  been  heard  of  at  the  ordroinee  ofBee. 
Nothing  hiiii  yet  trunspired  to  discredit  the 
Kodman  rifles.  Indee  i  their  pro.spectB  are 
most  hopefuL  But  few  experiiuents  have 
been  made  with  them,  and  they  are  counted 
onl}^  as  experinietital  guns.  A  sudden  stop 
was  put  to  all  trials  at  the  instigation  of  the 
committee,  and  the  appropriation  asked  for 
to  continue  the  experiments  refused.  This 
is  the  whole  evidence  upon  \^  hieb  the  Rod- 
man system  is  pronounced  a  failure. 

(3.)  "Guns  caat  solid  in  the  maimer  practiced  in 
the  navy  under  tUc  direction  of  Admiral  Diihlgrren, 
wJjjle  exliibitinj^  8fit]sf!i.L'tnry  eiidiinuice  as  smtn»th 
hurcHf  with  smiU  cJiiirges  and  hollow  projectiles, 
have  not  tJie  requisite  strength  for  rific*  of  [urge 
Ciiliber.  Thin  moil*^  of  ell^4tiflg  seems  to  Ix*  defec- 
tive in  principle,  imthc  tensions  iu^uij^inited  in  cool- 
ing have  a  teodency  to  aid  the  powder  in  rupturing 
the  gu«." 

The  Dahlgren  guns  need  no  defence.  The 
wry  faces  made  at  them  cannot  be  construed 
as  an  assault,  and  the  only  reply  which  can 
be  made  is  to  point  to  the  record  of  the  IX 
and  XI  in  smooth  bores. 

A  word  or  two  about  the  Parrott  system. 
It  is  usele.^s  to  assert  that  these  guns  have 
proved  perfectly  successful.  That,  however, 
has  little  to  do  with  their  relative  merits. 
The  whole  world  is  challenged  to  produce  a 
large  caliber  rifle  which  has  on  the  whole 
sustained  ho  good  a  test.  The  English  Arm- 
strongs and  Whltworths  have  shown  no  such 
average  endurance,  nor  have  the  steel  guns 
of  Enirbind  and  Prussia.  They  are  the 
only  rifled  guns  in  this  country  whose  merits 
are  known,  and  their  record  has  on  the  whole 
been  very  good.  Every  experienced  artil- 
leriiit  whi»  has  dealt  with  the  (i.4,  iind  8 
inch  rifles  can  recall  some  instances  of  fail- 
ure, but  his  confidence  in  them  has  been 
justified  thousands  of  times  where  it  has  been 
fehttken  once.  The  unusual  number  of  fail- 
ures at  Morris  Island  is  ascribed  to  peculiar 
local  causes.  The  fine  and  ever-drifting 
sand  was  blown  perpetUtilly  into  the  muzzles 
of  the^e  guns,  and  with  the  lubricant  and 
residuum  of  the  powder  furmed  a  scale  in 
the  bore,  which  had  to   be  removed  with  a 


steel  chisel      Most  of  the  fain 
at  the  sand  battery  where  tht- 
greatest,  while  those  havit 
experienced  scarcely  an  a- 
alleged  cause  wui*  the  expli>Hiuu  uf 
the  gun,  generaUy  by  coneu»^i<»ri.  n  ili^ 
frequently  occurring  and  whit' 
to  be  no  known  method  of  pr 
gether.     This  is  probably  the 
to  be  overcome  in  rifle  guns  ot  *.* 
viz :    a  projectile   that  will    leave   tbff 
without  breaking.     The  press 
vouU  the  terrible  danger  of  su 
running    up  the    pressure    t*.i 
1 5U, OOO  lbs.,  which   is  ^ure  u 
any  gun  which  ever  has  been  or  4;tur 
made. 

In  reviewing  the  various  sjslenifi  rf 
making,  the  committee  seem  vn  }\\xv  a 
the  exhaustive   process   of  ai 
guns  made  in  Europe  are  of 
the  guns  made  in   this  count 
Hodman   hollow  cast»    the    Ihio.-rni 
cast,  nor   the  Parrott  banded   nimu 
trusted.    Wrought  iron  ani]  t*ti 
condemned,    and    having    cxt 
known  or  conceivable  device,  . 
tioti,  we  are  categorical ly  dravs 
eeption.      There   is  one  feysteui  L 
likeness  to  any   other,  and  which 
mittee   have  indirectly    count**nftuc<!d,  ni; 
Mr   Norman  W iard*s.     The  record  of  Ul 
Wiard^s  gun   designed   to  obviate  the  ^^ 
structive  effects  of  heat  is  as  brief  ji*  i  *'-*r't 
epigram — one  gnu,  ojie  rounds  mai 

But  we  must  bring  this  paper  in  ^   u-^ 
by  one  more  revelation,     1  hough  morallj 
certain  of  it,   we    do   not  assert     '       ^' 
Wiard  wrote  thai  report.     But  wc 
that  if  he  bad  been  called  upon  to  wn 
he    would    have    written    one    substaal 
identical.     In  the  supplement  to  the 
of  the  Oommtttee  on  the  Conduct  of  thr 
Vol.  n,  38th  Congress,  2d  s*^ 
Mis.  Doc.  No.  47,  is  a  eommu 
Norman  Wiard  containing  the  same  miBrt^ 
resentations,  groans,    croakings  and   iif 
of  ordnance  othcers  as  appear  in  ihts 
mittee's  report,  and  in  the  same  phn 
Wiard' 8  testinjony  contains  the  subs 
the  report,  indeed  the  report  is  men' 
ard*s  testimony  sand-papered.      As    .\rricki 
wrote  the  other,  why  should  not  Wiard  wriW 
this  one  ?     Lastly,  we  have  it  from  hh*h  au- 
thority   that    at    the    direction    i>f 
Howard   both   Gen.  Hodman  and 
Dahlgren  sat  each  a  whole  day  to  be 
ed  by  this   man,    who  put    ihe   i|tn»ii 
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down  tbe  answers,  and  probaljly  **  boil- 
down  "  tbe  testimony  as  well  as  wrote 
I  report. 

As  I  bare  advanced  no  theories,  but 
:<tited  only  matters  of  official  record  (ex- 
■••Bpt  in  one  or  two  stpecificd  cases),  the  rcad- 
€n  of  the  Eclectic  will  perhaps  be  able  to 
^brm  some  notion  of  tbe  unique  character  of 
Ikia  report.  D. 


STRENGTH  OF  SCREW  SHAFTS. 

APsper  *<0ii  the  GalculatioD  of  tho  Stress  in  Pro- 
Mllcr  Shafts, '»  read  bj  \V.  J.  Maequorn  Rnnkiiie, 
C.  E  •  LL.D.,  F.  R.  S..  at  the  In«titute  of  Naval 
Arehitccti,  March,  IS($V. 

(1.)  Through  a  long  series  of  practical 
trials,  extending  over  many  years,  it  was 
SBCcrtaincd  by  Lieutenant  David  Uankine 
(h.  p.  Rifle  Brigade),  and  by  the  author  of 
this  paper,  that  the  greatest  stress  which  the 
vroagbt  iron  axles  of  very  smooth-running 
railway  carriages,  traveling  at  speeds  not 
czeee<fing  twidvc  miles  an  hour,  would  safe- 
ly boar,  wh«'n  made  of  the  best  materials 
and  in  the  best  way,  was  0,000  lb.  on  the 
■qnare  inch  (or  about  6.3  kilos,  on  the  sq. 
millimetor).  Any  defect  in  materials  or 
workmanship,  when  exposed  to  that  stress, 
was  always  found  to  cause  the  axle  to  give 
way  in  the  end,  though  sometimes  not  until 
h  had  run  for  more  than  three  years.  The 
immediate  breaking  stress  was  not  directly 
ascertained,  but  it  is  probable  tliat  the  fac- 
tor of  safety  was  between  five  and  six.  A 
greater  faotor  of  safety,  or,  in  other  words, 
a  smaller  limit  to  the  intensity  of  stress,  is 
of  cnur?«e  required  when  the  motion  is 
roagher  than  it  was  in  those  carriages. 

(•J.)  Acconling  to  the  ordinary  method  of 
calculating  the  greatest  stress  in  propeller 
ehafts.  the  moment  of  the  twisting  action 
upon  the  shaft  is  alone  taken  into  account ; 
and  when  that  method  is  applied  to  exam- 
ples laki*n  from  actual  steam  vessels,  results 
arc  obtained  approaching  very  near  to  the 
limit  already  stated.  For  instance,  S,000 
lb.  to  tbe  scjuare  inch  is  a  not  uneonimon 
Talue  of  the  intensity  <)f  the  stress  in  a  pro- 
peller sibaft,  as  calculated  from  the  twisting 
action  alone. 

(3.)  But  the  real  intensity  of  the  stress 
is  greater  still,  for  with  the  twisting  action 
there  is  always  combined  more  or  less  of  a 
bending  aetion,  produced  partly  by  the 
weight  of  the  shaft  and  partly  })y  its  reac- 
tion when  the  ve^^sel  pitches  and  heaves  with 
the  waves.  The  object  of  the  present  paper 
is  to  give  rules  for  cabulating  the  total  or 


'resultant  stress  produced  by  the  twisting 
and  bending  actions  combined,  and  to  illus- 
trate them  by  an  example. 

(4.)  Twisting  Action. — The  greatest 
ticisting  moment  is  to  be  calculated  from  the 
indicated  horses*  power  of  the  engines,  as 
follows :  Multiply  the  power  by  88,000,  in 
order  to  reduce  it  to  foot-pounds  per  minute, 
and  divide  the  product  by  G.'2S82  times  the 
number  of  revolutions  of  the  shaft  per  min. 
The  quotient  will  be  the  jnean  twisthig  7//0- 
mc?it  in  foot-p(mnds  (for  kilogram  meters  tho 
multiplier  is  4,500  instead  of  88,000).  Tho 
greatest  ticisfiiig  moment  is  greater  than  the 
mean  twisting  moment  in  a  ratio  which  may 
be  estimated  at  about  l.<i  for  a  single  en- 
gine, 1.11  for  a  pair  of  engines  with  cranks 
at  right  angles,  and  1.05  for  three  engines 
with  cranks  at  equal  angles. 

When  British  measures  are  employed,  tho 
greatest  twisting  moment  having  been  com- 
puted in  foot-pounds,  is  to  be  multiplied  by 
twelve  to  reduce  it  to  inch-pounds. 

To  find  the  greatest  intensity  of  the  stress 
produced  by  twisting,  multiply 'the  greatest 

twisting  moment  by  (=    5.1    nearly), 

and  divide  ])y  the  cube  of  the  diameter  of 
the  shaft.  In  symbols,  let  M  be  the  mo- 
ment, d  the  diameter,  and  q  the  twisting 
stress,  as  it  may  be  called.     Then 

5.1  J/  ,^^ 

^—d^ (^) 

(5.)  Bendino  Action. —  The  greatest 
stress  produced  on  the  particles  of  a  hori- 
zontal cylindrical  shaft  by  the  lending  ac- 
tion of  its  own  weight  is  equivalent  to  tho 
weight  of  a  column  of  iron  whose  height  is 
a  third  proportional  to  the  diameter  and  the 
span  between  the  bearings. 

In  symbols,  let  /  be  the  span  between  tho 
bearings  (in  inches  if  Briti.'^h  measures  are 
used)  ;  d  the  diameter;  w  the  heaviness  of 
iron  (=  /JTS  lb.  per  cubic  in.,  or  7,r>00  kil. 
j)er  cubic  meter) ;  p  i\\v  greatest  bending 
stress,  as  it  may  be  ealled.     Then 

»--:- c^) 

The  reaction  of  the  shaft  produced  by  verti- 
cal oscillations,  as  in  pitching  and  heaving, 
bears  the  same  proportion  to  its  wei;:ht  that 
half  the  extent  of  the  oscillaticms  bears  to 
the  length  of  a  penclulum  which  keeps  time 
with  them.  Lot  m  be  that  proj»ortion  ;  then 
the  bending  stress  is  increased  to 
wP 


p-{\-V  m) 


(3) 
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In  a  vessel  that  follows  the  vertical  heaving 
of  the  waves  the  value  of  m  is  nearly  the 
sine  of  the  wave  slope — say,  0.25  in  ex- 
treme cases,  and  0.125  in  ordinary  cases. 

(6).  Kesultant  Stress. — The  resultant 
stress  due  to  the  twisting  stress  q  and  the 
bending  stress  p  combined,  is  found  by  a 
formula  which  has  been  demonstrated  by 
writers  on  the  internal  equilibrium  of  elastic 
solids;  that  is  to  say, 

'='V^(?'+^')  +  ?.     •     •     (4) 

where  s  denotes  the  intensity  of  the  result- 
ant stress. 

(7.)  Numerical  Example. — In  the  fol- 
lowing example  tiic  results  are  not  computed 
beyond  four  significant  figures. 

Indicated  H.  P 5.600 

Multiply  by 83,000 

Divide  by 6.2832)181 ,5m),00()  ft.-lb  i)or  min. 

Kevo.  per  min 54)  28,890.000  quot'nt nearly. 

Mean  twisting  moment  .         535,000  foot-poimds. 
For  a   pair  of   engines 

multiply  by 1.11 

Greatest  twi.sting  nnmi't        693,850  foot -pounds. 
Multiply  by 12 


Multiply  by. 


7,120,200  inch-pounds. 

6.1 

Diameter,  KJj  in \ 

Diameter  * 4,492/  30.340,000  product. 

Twisting  stres-s,  q=  ,.,  8,090  lb.  on  sq.  in. 

Span  between  bearings..  261*1.  =  300  in. 

Divide  by  diameter  ....    10i)90,0<W  square  of  span. 

Third  proportional 6,466  inches. 

Multiply  by  weight  of  a 

cubic  inch  of  iron  . . .  0.278  lb. 


Bending  stress  by  weiglit 
alone 

X  estimated  value  of  1 
+  «,  »»y 

Bending  stress  by  weight 
and  reaction  =  j>  =.. 


1,610  lb.  on  sq.  in. 

1* 


1,704  lb.  on  sq.  in. 
Result ajit  Stress, 

5  =V  (?'  +  ?^--)-f  |.=  8,987   lb.  on 

the  square  inch,  being  practically  equal  to 
the  g^rcatcst  safe  stress  of  9,000  lb.  on  the 
eq.  in  ,  mentioned  in  sec.  1,  as  applicable  to 
smoothly  running  railway  axles  at  low 
speeds. 

(8.)  It  seems  very  probable  that  if  the 
method  of  calculation  now  described  were 
applied  to  actual  examples  of  propeller 
shafts,  many  instances  would  be  found  in 
which  the  resultant  'stress  reaches,  or  even 
goes  beyond,  the  utniost  limits*  consistent 
with  safety ;  and  it  is  therefore  laid  before 
the  Institution  for  their  consideration,  and 


for  that  of  shipbuilders  and  marine  engi 
in  general. 

(9.)  Rules  for  Designing  Shaf' 
The  conditions  which  the  diameter  of  a 
ought  to  fulfill  are  expressed  by  the  foUowi 
equation,  derived  from  equation  4 : 

«'  —  sp  —  ^=0;     .     .    .    (I 

in  which,  for  5,  is  to  be  put  a  safe 
value  of  the  resultant  stress  (say  8,000  C' 
on  the  sq.  in.,  or  5.6  kilos,  on  the  sq.  mSB^, 
meter),  and  for  p  and  q,  their  values  inteni 
of  iVf,  Z,  Wy  and  d^  as  given  by  cquatiou  S^ 
and  1  respectively.  The  equation  thenW 
comes  of  the  sixth  order ^  and  it  is  to  k 
solved  so  as  to  find  d,  ThLs  can  be  doiM  Vy 
approximation  only  ;  and  a  coDvenieil 
method  of  approximation  is  as  follows:  Ai- 
sume  for  q  an  approximate  value  9*,  som^ 
what  less  than  that  of  s  (say,  ^  ^0.9i). 
Then  calculate  an  approximate  valae  i  of 
the  diameter  from  equation  1,  vii., 

rf.=(^y  ....  (6) 

Then  calculate  for  p  an  approximate  tiIm 
y  from  equation  3,  viz., 

y  =  (l+t«)?^/;.    .    .    (7) 

and  from  the  approximate  value  of  p*  ctkt- 
late  a  second  approximate  value  of  9  as  M> 
lows: 

q^^=s/(s''  —  sp').     ...    (8) 

Should  this  agree  with  the  first  approximate 
value  9\  the  approximate^  diameter  iT  will 
answer ;  and  should  there  be  a  diflferenee,  a 
second  approximation  d^^  to  the  required 
diameter  is  to  be  computed  as  follows; 

«i"=^(*r)*.      ...     (9) 

When,  as  is  usually  the  case,  the  diffcrenee 
q^ — ^r"  is  small  compared  with  ^,  the  fol- 
lowing formula  for  the  second  approximatioi 
is  sufficiently  near  the  truth : 

A  third  approximation  might  be  found  bj 
repeating  the  process,  but  the  second  approx- 
imation will  in  general  bo  found  accurate 
enough  for  practical  purposes. 

Should  7"  prove  to  be  greater  than  g*,t1w 
correction  in  equation  10  becomes  negative; 
that  is,  the  second  approximation  to  the  dia- 
meter is  less  than' the  first. 

(10.)  Example  op  the  Rule /=-300 

in.  as  before. 
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moment  Jf=  7,126,200  in. -lb.,  as  before. 

by 6A 

y  q*  =  7,200)86,840.000  product. 
nt)X..d**=..  5,047 

*       'd*=,.  17.16  incbei. 

yd^=  ...  17.15)90,000  =  /»,  as  before. 

0,248  third  proportional. 
.813 

1,643  lb.  on  the  sq.  in. 


(l+«)  tc  = 
prox..  />'= .. 
1      resultant 


by  f  — /"  = 


8.000 

6,1557 

ipprox.  V"  "=50,830.000 

"        n»»  =         7.131  lb.  on  the  sq.  in. 
"        q^  =         7;200 

= —09 

approximation  to  required  diameter: 

=  lT.15{lX3x*^20-o!=l^-21'"- 


ROLUNG  MILL  GEARING. 

heaviest  cog-whccls  in  the  world — al- 
xcepting  Mr.  Isherwood's  screw  steam- 
-are  to  \>e  found  in  iron  rolling  mills, 
ig  at  all  resembling  this  gear  is  to  be 
^red  in  flour  or  cotton  mills,  or  in  any 
dtuation  on  land  where  steam  power  is 
red.  Spur-wheels  18  ft.  to  25  ft.  in 
:er,  24  in.  wide  on  the  face,  and  8  in. 
in.  pitch,  are  not  uncommon;  while 
K  of  (>  in.  and  widths  of  18  in.  and  20 
y  bo  met  with  in  almo.st  any  little  roll- 
ill  we  can  enter.  The  quantity  of 
g  employed  in  driving  an  ordinary  rail 
re  train  is  even  more  remarkable  than 
nens^ions.  First,  we  have  a  tremen- 
pur-wheel  on  the  engine  shaft,  working 
pinion  on  the  fly-wheel  shaft,  which 
again  into  a  spur-wheel,  on  the  shaft 
ch  in  a  square  end  to  take  the  coupling- 
ad  breaking-spindle  to  the  rolls.  We 
D  this  arrangement  three  spur-wheels 
t  bearings,  all  of  the  largest  and  heavi- 
.8S ;  and  this,  be  it  observed,  is  rather 
»le  mill  than  otherwise.  When  a  ham- 
.  shears  and  a  second  train  have  to  be 
1,  we  generally  find  as  much  gearing  as 
fill  a  good-sized  modern  dwelling- 
running  at  a  high  velocity,  for  the 
part  badly  put  to  work,  and  therefore 
and  liable  to  accident.  It  is  not  too 
to  say,  in  fine,  that  at  least  one-half  of 
bole  power  developed  is  expended  in 
Ig  thifl  gearing  in  motion;  while  its 
»t  represents  one-half  the  capital  in- 
in  the  plant  of  any  iron  mill. 
i  worth  while,  under  such  circumstan- 


ces, to  consider  whether  gearing  may  or  may 
not  be  dispensed  with ;  and  whether  we  can 
or  cannot  improve  upon  arrangements  admit- 
tedly objectionable  if  tested  by  comparison 
with  other  mills.  In  dealing  with  the  sub- 
ject, we  must  first  ascertain  why  gearing  is 
used  at  all.  This  point  is  soon  settled. 
The  velocity  at  which  ordinary  trains  run 
varies  between  40  revolutions  per  minute  for 
sheet  mills  and  100  revolutions  per  minute 
for  bar  or  rail  mills.  Higher  and  lower  ve- 
locities are  met  with,  no  doubt,  but  the  two . 
which  we  have  named  are  those  most  usually 
adopted,  and  all  that  we  shall  say  on  this 
subject  just  now,  will  be  sufliciently  illus- 
trated by  cases  afforded  by  those  two  speeds. 
Now  the  work  to  done  in  rolling  iron  is  ex- 
cessively variable,  and  it  is  therefore  neces- 
sary to  employ  great  fly-wheel  power,  in  or- 
der to  store  up  force  at  one  time  sufficient  to 
carry  the  bar,  rail  or  sheet  through  the  rolls 
at  another.  Without  going  into  mathemat- 
ics, we  may  state  here  that  the  force  afforded 
by  any  fly-wheel  for  overcoming  the  resist- 
ance offered  to  the  rolls  of  a  train  varies  as 
the  square  of  the  number  of  revolutions,  the 
weights  being  the  same.  Thus,  a  fly  running 
at  80  revolutions  per  minute  would  be  prac- 
tically four  times  as  efficient  as  one  similar 
in  all  respects  and  running  at  40  revolutions. 
Therefore  it  has  come  to  be  looked  on  as  an 
axiom  by  rolling  mill  engineers,  that  the  fly- 
wheel cannot  be  run  too  fast.  As  a  conse- 
quence, in  old  works  we  always  find  it  put 
on  a  second-motion  shaft,  never  on  the  en- 
gine shaft.  In  the  endeavor  to  obtain  high 
fly-wheel  speed  we  find  the  first  cause  for  the 
introduction  of  gearing  in  rolling  mills. 

The  second  reason  lies  in  the  fact  that  un- 
til a  few  years  back,  slow  moving  engines  of 
great  size  were  alone  employed  to  drive  .sheet 
and  rail  trains.  These  engines  had  a  long 
stroke,  and  ran  at  but  eighteen  or  twenty 
revolutions  per  minute.  This  being  too 
slow  for  any  but  blooming  rolls,  gearing  be- 
came a  necessity.  The  enormous  dimensions 
usually  imparted  to  rolling  mill  gearing  is 
explained  by  the  fact  that  it  is  exposed  to 
many  shocks  and  jerks  which  are  peculiar  to 
the  work  which  it  perfonns,  and  that  for  the 
most  pjirt  it  is  roughly  and  cheaply  made, 
and  carelessly  put  together.  We  have,  we 
believe,  given  in  the  foregoing  paragraphs 
every  valid  reason  which  can  be  alleged  in 
favor  of  the  use  of  clumsy,  heavy,  costly 
gearing  in  rolling  mills.  It  remains  to  be 
seen  whether  these  reasons  are  or  are  not  in- 
controvertible. 
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way.  Thus  arranged  the  carriage  \h  well 
adapted  for  working  passenger  traffic  on 
branch  lines  or  for  metropolituu  traffic. 

In  the  construction  of  the  vehicle,  steel 
is  used  instead  of  iron  in  all  parts  where  its 
employment  is  advantageous,  and  care  has 
been  taken,  by  properly  proj)ortioning  the 
various  details,  to  avoid  all  unnecosnary 
weight.  The  calculated  weight  of  the  whole 
vehicle,  without  passengers,  but  with  fuel 
and  water  for  a  40  mile  run,  is  under  four- 
teen tons;  whilst  with  80  passengers  the 
weight  would  only  be  20  tons,  of  which 
rather  more  than  half  would  rest  on  the 
wheels  of  the  steam  bogie.  It  will  thus  be 
seen  that  the  ratio  of  unpaying  to  paying 
load  is,  when  the  carriage  is  fully  loaded, 
only  about  2^  to  1,  while,  as  about  55  per 
cent  of  the  total  weight  is  available  for  ad- 
hesion, the  carriage  would  be  readily  able 
to  mount  gradients  of  1  in  10,  if  sufficient 
cylinder  power  was  provided.  In  the  case 
of  a  steam  carriage,  designed  for  running  on 
gradients  1  in  iiij  or  1  in  40,  the  following 
are  the  calculations  of  adhesion,  etc. 

On  iin  incline  of  1  in  85,  the  resistance 
due  to  gravity  would  be  64  lb.  per  ton ;  and 
if  we  take  the  frictioual  and  other  resist- 
ances, exclusive  of  gravity,  at  20  lb.  per  ton 
— an  ample  allowance — we  shall  have  the 
total  resistances  as  follows : 

Gravity,  20  tons,  at  64  lb.  per  ton,  z=  1,280 
Friction,  etc.,  20         **  =     400 


Total, 


1,680 


Again,  as  about  55  per  cent  of  the  total 
weight  rests  on  the  wheels  of  the  leading 
bogie,  we  should  have 

_224_0x20xjio  _24,640  lb. 

available  for  adhesion,  an  amount  which,  on 
an  incline  of  1  in  35,  would  be  reduced  to 

24,640  —  -  ^^^--=  24,640  —  704  =23,936 
lb. ;  and  dividing  1,680  lb.,  the  total  resist- 
anic,  by  this  number,  we  get  23930=  "ifa" 
as  the  co-efficient  of  adhesion  required.  In 
other  words,  so  long  as  the  adhesion  ex- 
ceeded, say  j^th  of  the  weight  on  the  driv- 
ing wheels,  the  carriage  would  ascend  an  in- 
cline of  1  in  35. 

On  the  other  hand  it  will  be  found  also, 
that  the  cylinder  power  is  sufficient  fur  tak- 
ing the  carriage  up  such  an  incline,  the 
.boiler  being  worked  at  a  pressure  of,  say, 


140  lb.  per  sq.  in.  Thus  with  S  in.  cjlii- 
ders,  12  in.  stroke,  and  4  ft.  whccU,  tke 
tractive  force  exerted  for  each  pound  tf 
effective  pressure  ou  the  pistons  is  Itilk 
To  overcome  the  resistances  amountiogte 
1,680  lb,  as  already  calculat^rd,  the  meii 
effective  cylinder  pressure  would  have  tobi 
■105  lb.  per  sq.  in. 

On  a  level  road  the  total  rcsi.'^tance  of  t 
steam  carriage  such  as  we  are  dei(oribii^ 
running  at  a  speed  of  40  miles  per  hoir, 
should  not  exceed  20  lb.  per  ton,  nr,  takiDg 
the  weight  at  20  tons,  400  lb.  in  all.  Tt 
overcome  this  resistance  would  ref|oiK  ft 
mean  effective  pressure  of  25  lb.  per  5q.  ii. 
on  the  pistons,  and  the  power  exerted  wraM 
,     4(K)x  5280x40        |.>^,  ^ 

an  incline  of  1  in  100  the  total  resistsnre 
would  be  about  42  J  lb.  per  ton,  or  ^ni)  lb.  ii 
all,  corresponding  to  an  effective  prc^ure  ot 
the  pistons  of  53,125  lb.  per  h({.  in.,  and  to 
the  development  of  05.8,  or  say  9ii  Lone- 
power  at  the  same  speed. 

On  a  line  with  moderate  gradient?,  say  19 
to  1  in  ij{),  and  at  speeds  varying  from  :25  (• 
40  miles  per  hour,  Huch  a  steam  carriage  ai 
that  we  have  dcsoribod  should  be  run  witki 
consumption  of  about  6  lb.  of  coal  per  mile, 
and  with  a  correspondingly  small  consou^ 
lion  of  oil,  tallow,  etc.  The  expense  for 
wages  abfo  would  be  very  email,  as  tbe  eii< 
gine  could  be  readily  managed  by  one  maOi 
while  the  guard  would  have  charge  of  tbe 
brake,  and  would  be  able  to  collect *fir(i> 
Brake-blocks  are  to  be  applied  to  all  tbe 
wheels  ;  and  the  arrangement  of  brake-gear 
is  such  that  the  brakes  can  be  applied  eitber 
by  the  guard  or  driver  independently. 

Although  the  total  wheel  base  nf  Iho  ca^ 
riage  is  57   ft.,  yet  the  actual  wheel  hase 
which  has  to  be  considered  when  estimating 
the  capability  of  the  vehicle  for  traversing 
curves,  is  that  of  each  bogie,  or  6  ft.  only. 
With  tliis  base  the   carriage  can  be  safely 
run  round  curves  of  two  chains  radius,  at 
moderate  speeds,  while  at  a  slow  speed  a 
curve   of  35  ft.   radius  may  be    traversed. 
Thus,  by  placing  circular  curves  of  35  or  40 
feet  radius  at  the  terminal  stations,  thecar^ 
riagcs  can  be  run  round,  and  the  cxi»eQso  of 
turntables  avoided. 

We  have  hitherto  spoken  of  Mr.  Fair]ic*s 
steam  carriage  as  running  by  itself  only ; 
but  it  will  be  evident  from  what  we  hate 
said  that  it  possesses  ample  pnwer  to  draw, 
under  ordinary  circumstances,  another  ear* 
riage  behind  it.     In  tho  caae  of  a  railway 
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lud  on  a  public  road,  such  speeds  as  40 
■ile«  per  hour  would,  of  course,  never  be 
ittenipted,  a  speed  of  twelve  or  fifteen  miles 
per  boar  being  more  nearly  the  maximum  ; 
nd  in  such  instances  the  boiler  would  pos- 
MBB  ample  power  to  supply  the  cylinders 
%ith  steam  at  the  full  pressure  admitted  for, 
aj  three-fourths  the  stroke,  und  ample  trac- 
tive power  would  thus  be  afforded  for  draw- 
bg  another  carriage,  or  trucks  loaded  with 
good#.  Altogether  Mr.  Fairlie^s  plans  are 
ticeedinglj  well  considered,  and  we  feel 
•■re  that  at  the  present  moment  —  when 
Bght  railways  are  the  subject  of  much  atten- 
tion— the  J  will  be  regarded  with  great  in- 
terest. 


DfDEPESDENT  TUBULAR  BOILERS. 

Fnm  the  "  Practical  MecbaDic'i  Jonraal." 

The  Seguin  tube  boiler  applied  to  the 
etrljT  locomotive  by  the  Stephenson's,  and 
proved  capable  of  such  rapid  und  efficient 
generation  of  steam,  gave  almost  at  once  an 
iMpnLie  to  the  use  of  tubular  boilers  of  one 
MTt  (v  other  for  land  and  fixed  engine  use, 
vkieh,  however,  has  not  been  followed  out, 
Mr  has  progressed  as  steadily  as  might  have 
ken  wished. 

As   long    ago    as    about   183G    Messrs. 
Vitber,  Dicks(»n  &  Co.,  of  Liverpool,  were 
nongst  the  first  to  adapt  to  fixed  engines 
the  lucomotive  boiler,  pure  and  simple,  but 
nlirged,  anil  from  the  designs  of  Mr.  John 
Orutham,  C  £.,  the  very  large  boilers,  for 
Att  daVi  were   constructed   and   fixed   at 
£dgehill  Station,  for  the  supply  of  high- 
pressure  steam  to  the  fixed  engines  also  con- 
itmeted  by  them  for  working  by  rope  trac- 
tion the  incline  in  the  tunnel  between  there 
•ad   Lime   street.      These   boilers   worked 
with  economy  and  satisfaction  for  several 
years;  we    believe   no   objection   was   ever 
Bade  to  theni  but  that  of  their  considerable 
fifft  cost.     Many  years  ago,  also,  Messrs. 
Rennie  employed  for  one  or  more  engines 
io  their  works  in  London,  a  vertical  boil- 
er, consisting  of  a  simple  rylindric  external 
ikell,  a  di  um  fire-box  inside,  carrying  above 
it  a  large  number  of  vertical  tu})es,  the  gases 
Vom  the  whole  of  which  were  gathered  into 
>ne  central  flue,  which  passed  off  directly 
Irom  the  top  of  the  boiler.     The  water  sur- 
hee   was   necessarily   below  the  top   tube 
plate,  and  so  a  small  length  of  the  upper 
lad  cooler  end  of  the  tubes,  and  of  the  top 
tabe  plate,  were  exposed  to  contact  with 
Keam  in  place  of  water.     This  boiler,  we 


were  ourselves  assured  by  the  late  Mr. 
George  Ilennie  while  examining  it,  had  then ' 
for  some  time  continued  to  gife  them  steam 
at  high  pressure,  with  a  consumption  of 
mixed  coal  and  coke  equivalent  to  not  more 
than  2^  lbs.  per  hour  per  indicated  horse- 
power. 

This  form  of  fixed  tube  boiler,  of  great 
simplicity,  and  as  great  cheapness  as  any 
tube  boiler  perhaps  is  susceptible  of,  had 
even  to  a  rather  greater  degree  than  tho 
horizontal-tubed  locomotive  boiler  the  ad- 
vantage of  permitting  easy  repairs.  Tho 
misfortune  of  all  fixed  tul>e  boilers,  which, 
for  land  work,  are  required  as  one  of  their 
primary  conditions  to  be  worked  for  long 
periods  and  perhaps  without  a  moment's 
cessation,  is,  that  the  surfaces  of  the  tubes, 
whether  these  are  exposed  exteriorly  or  in- 
teriorly to  the  water  contact,  coat  and  fur 
over  with  earthy  matter,  deposited  or  col- 
lected, and  concreted  from  the  water  at  a 
rate  that  is  injurious  to  them,  though  less  so 
with  boilers  exposing  broad,  flat,  or  curved 
surfaces  to  the  water.  The  small  tube  is 
practically  at  all  temperatures  so  nearly  the 
same  diameter  that  scale  formed  does  not 
easily  crack  off  spontaneously,  while  it  has 
a  much  better  chance  of  doing  so  from  broad 
surfaces,  which  are  continually  changing 
their  shape  with  variations  of  pressure,  and 
their  dimensions  with  difference  of  tempera- 
ture. Mere  length  in  tube  does  not  seem 
capable  of  letting  it  clear  itself  thus  of  scale. 
Besides  hard  accretional  scale,  most  natural 
water  deposits  more  or  less  loose  mud  or 
sediment.  Now,  the  horizontal  locomotive 
tube  form  of  boiler  may  be  so  made  for  fixed 
or  land  use,  that  most  of  this  shall  keep  away 
and  deposit  clear  of  the  tubes.  This  advan- 
tage, however,  is  not  secured  by  the  simple 
vertical  form  of  tube  boiler  above  described, 
as  constructed  by  Messrs.  Ilennie  ;  for  the 
loose  sediment,  as  well  as  any  that  may  de- 
tach itself  from  the  tubes,  falls  down  and  lies 
amongst  the  tubes,  on  the  lower  tube  ])late, 
and  gradually  passes  thence  by  ebullition 
and  currents  in  the  boiling  water,  down  to 
the  bottom  of  the  water  wards  of  the  fire- 
box ;  and  it  is  at  all  times  an  unhappy  ar- 
ranjrement  when  the  sediment  tends  to  de- 
posit finally  about  some  of  the  hottest  parts 
of  the  boiler  plates. 

Another  form  of  fixed  tubular  boiler, 
known  as  Inglis'  in  tho  north  of  England, 
and,  we  believe,  the  subject  of  a  patent,  was 
in  use  at  the  Elswick  Works,  near  Newcas- 
tle, about  1868,  and  when  we  saw  it,  ap- 
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pum'cd  to  have  becu  workiog  in  a  very  satis- 
factory, and  we  learned,  as  we  should  liavc 
expected,  in  ^n  econnujitiiil  n*anner.  Thia 
boiler.^  consistH  of  twn  dome- topped  eylin- 
drteal  sbella,  of  uncrjuiil  diameter  and  height, 
connected  to;t^cther,  above  and  below,  by  two 
cylindrical  water  flue«,  big  enongh  tor  a 
middle-sized  man  to  squecie  tbroujih*  The 
larger  cylinder  containsj  the  fire-box.  and  a 
smoke  flue»  r€etan«;uUr  in  section,  leading 
from  the  fire-box  tlirtmgb  the  walls  of  both 
cylindrieal  t^hells,  and  into  acyliudrical  tube 
cuaiuber  in  the  center  of  the  smaller  cylin- 
der, from  wlience  a  fasoicnlus  of  vertical 
tubea  descends  to  the  tower  end  or  tube 
plate  of  the  same  cylinder.  The  whole 
boiler  liits  in  brickwork,  tlie  a»h-pit  in  front 
of  the  fire  door  being  covered  with  a  per- 
forated east-iron  foot-plate. 

Niiw  most  of  the  important  eonditions  for 
tubular  boilers  are  found  here  combined; 
every  part,  insiide  and  outride,  is  as  readily 
come-at-al)lc  a8  need  be.  There  is  ample 
circulation  of  the  water,  and  a  large  surface 
both  of  fire-boxes  and  of  tubes  can  be 
roftdily  secured  and  well  applied;  moreover 
except  as  to  the  tubes  themselves,  scale  has 
as  a  good  ehanee  of  detaching  itself  here  as 
in  any  other  boiler  of  broad  p!ates  ;  then'  is 
ample  room  for  the  deposit  of  sediment,  and 
by  mud -hole  doors  cau  be  maJe,  so  easily 
and  ^o  accessibly,  that  it  caw  be  periodically 
cleariHl  out,  if  not  removed  even  more  fre- 
quently by  mud  eoiks.  It  is  also  all  pretty 
simple  boilcr-tuakers*  work,  both  to  make 
and  to  repair,  and  changes  of  dimension  from 
hot  to  cold  act  systeniatieally  upon  it,  and 
tend  little  to  rack  its  frame.  It  is,  how- 
ever, not  a  cheap  boiler.  When  employed 
for  uninterrupted  service,  the  best  mode  of 
feeding  it  with  water — and,  in^leed,  this  ap- 

Idies  to  every  form  of  fixed  tubular  or 
aiuellar  boiler — would  be  to  pass  the  feed 
water  into  a  heating  vessel  of  cylindrical 
form,  placed  in  the  liorizontal  flue,  and  so 
arranged  that  the  sediment  deposited  in  that 
could  not  enter  the  boiler,  and  should  be 
easily  removed  from  the  vessel  while  the 
boiler  continued  at  work. 

A  decided  advance  could  be  made  thus 
upon  the  construction  of  multispaeed  fixed 
boilers,  if  we  can  abandon  or  reduce  to  the 
Binallest  extent  tubes,  and  construct  the 
boiler  upon  tlic  lamellar  principle  instead; 
for  then  wc  ^halt  substitute  brond  surf;iccs. 
which  tend  to  keep  clear  from  scale  (under 
umml  conditions),  for  small  dian»etered 
tubes,  which  tend  to  clothe  themselves  with 


scale.     This  has  been  at  tempted  in  a  : 

tude  of  forms — with  flat  water  warib*  * 
shape  or  another,  as  in  Mr.  Lamb 'at  i 
boilers ;  but  6uch  surfaces  do  n<»t  i 
admit  of  the  requisite  strength  for 
pressure  steam,  however  admirably 
may  work  under  the  conditions  and 
rate  pressure  of  marine  boilers. 


The  requisite  conditions  have  betn 
ccntly  very  well  fulfilled,  however,  ta  J 
boiler  patented  by  Messrs.  Allibon  ' 
bre,  the  first  named  inventor,  Mr- 
AlUbon,  being  of  the  Roshcrville  IronvoTl 
and  anteriorly  manager  of  the  Millw 
works,  and  since  of  the  Woreeatcr 
works.  The  eugraving  shows  a 
section  of  this  boiler,  the  conHtniG 
which  is  so  simple,  that  it  will  bo 
stood  almost  without  description  by  i 
acquainted  practically  with  boiler  wad 
consists  of  a  vertical  cylindrical  shell  f 
nirty  be  of  greater  or  less  height  to  su 
curastanccs),  containing  four  other 
nearly  cylindrieal,  and  so  united  iliat 
aliernate  annular  space  is  filled  with  vail 
while  the  other  alternate  ones  afford.  In 
direction  of  movement  up  or  dawn,  ] 
for  the  gases  of  combufltiaD  of  tb(»  I 
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»x  for  which  is  in  the  bottom  of  tho 
rical  and  internal  shell,  on  their  way 
chimney. 

;  advantages  secured  by  this  boiler  are 
'  evident;  it  is  very  simple  in  work- 
up, and  admits  of  great  strength, 
of  the  cylindrical  internal  shells  are 
ed  to  compression  on  their  convex  sur- 
by  the  steam  or  water,  but  these  can 
lily  and  well  stayed  up  to  those  against 
terior  or  concave  surfaces  of  which  the 
ire  acts.  The  parts  are  easily  pulled 
De  from  the  other  for  examination  or 
-,  and  with  extremely  little  boiler 
or  unmaking  and  remaking  of  joints. 
!  will  be  but  little  fast  scale,  but  the 
deposits  will  require  to  be  passed  off 
tervals  with  regularity.  In  our  own 
lent  the  four  short  tubes  of  water  com- 
»tion   between   the   central    cylinder 

I  be  best  put  somewhat  higher  up,  and 
Iment  box  of  parallel  contour  with  the 
led   bottom    of    this    cylinder    placed 

II  it,  and  suspended  from  above.  If 
ioosly  placed,  and  the  feed  water  (from 
eternal  heater  always)  properly  intro- 
l  and  led  first  into  that  suspended  ves- 
ira  think  almost  all  sediment  would 
place  therein,  and  all  the  rest  of  the 
r  remain  nearlv  free.  Two  conjugate 
•8  of  this  sort  obviously  might  be  made, 
ired  from  one  fire-box  in  one  of  them, 
ihing  as  in  Inglis'  boiler,  and  probably 
idvantage  as  to  consumption  of  fuel. 
form  of  boiler  might  be  made  very 
>ly  applicable  to  the  use  of  liquid  fuel, 
ling,  what  has  not  yet  been  properly 

that  that  fuel  is  burnt  as  vapor,  mixed 
its  equivalent  of  atmospheric  air  pre- 
y  heated  to  a  suffioieut  temperature 
e  waste  or  other  heat. 

entertain  but  little  doubt  that  these 
s  will  prove  safe,  economical  in  work, 
it  the  very  leaj»t,  as  much  so  in  repair, 
J  known  form  of  multispaccd  boiler. 
?pcct  to  its  central  cylinder  this  boiler 
!»omc  little  similitii(fc  to  Mr.  Thomp- 
'•pot  boiler/'  oxhibitod  in  18(57  at 
;  none  whatever,  in  its  general  design, 

is  greatly  superior  to  that  of  the  pot 


f»«  Gas  Holder. — Mr.  Thomas  F. 
owland,  of  New  York,  has  built, 
t  works  in  Twentieth  street.  New  York, 
holder  170  ft.  diameter,  by  70  ft.  high, 
»  35  ft.  sections. 


TECHNICAL  EDUCATION  IN  FRANCE. 

We  quote  from  **  The  Engineer  "  a  trans- 
\  lation  of  the  scientific  syllabus  of  the  Paris 
'Conservatoire.  Scientific  lectures  are  read 
.  by  eminent  satants^  not  only  at  the  Conser* 
jvatoire,  but  at  the  Sorbonne,  College  de 
i  France,  Jardin  des  Plantes,  &o.,  and  this 
■  practice  constitutes  a  most  important  fea- 
jture  in  the  French  educational  system.*  In 
France  secular  tuition  is  either  very  cheap 
or  entirely  gratuitous,  without  any  restrio- 
j  tion  as  to  age,  sex,  nationality,  or  religious 
I  opinions  of  the  students ;  in  fact,  no  ques- 
itions  are  asked  as  the  student  enters  the 
lecture-room,  provided  he  behave  decently. 

CONSERVATOIRE  IMPERIAL  DES  ARTS  ET 
METIERS  —  PUBLIC  AND  GRATUITOUS 
COURSES  OF  LECTURES  ON  SCIENCE  AP- 
PLIED TO  THE  USEFUL  ARTS.  1808-1869. 

Geometry,  Practical. — M.  Baron  Ch.  Dupin,  Pro- 
fessor; M.  Laiisedct,  Assistant.  Progranmie:  The- 
1  cry  of  the  principal  curves  employed  in  tho  drawing 
and  onstruction  of  machinery;  diagrams  of  parts 
serving  to  transform  motion;  t<>othed  wheels;  camp; 
eccentrics;  articulations;  cscai>cments;  counters; 
registering  instruments. 

Geometry  J  Descriptive. — M.  de  la  Goumerie, 
Professor.  Programme:  Kules  of  linear  perKi>ective, 
and  g(.»ometric  constructions  referring  to  it ;  effects 
of  i>ersiM.»ctive;  in.stniments  of  perspective;  curved 
pictures;  persiH?clive  of  bas-reliefs;  stage  scenery; 
rai>id  i>erspective. 

Practical  Mechanics. — M,  Tresca,  Professor. — 
Progi'amme  :  (General  princi])les  of  mechnnics;  defi- 
nitions; effect  of  forces;  mech:inicHl  work;  principle 
of  the  conservation  <f  work;  means  of  developing 
and  employing  mechanical  work ;  passive  resistances; 
u.Hes  of  machinery;  composit  ion  of  engines ;  descrip- 
tion and  theory  of  machinery  used  in  industrv. 

Civil  Constructions.'~}i.  E.Trelat,  Profes.<or.— 
j  Programme:  Materials,  classified  according  to  their 
us«.*s,and  to  the  a'.sthetic  expression  that  they  aflbrd; 
thL'ory  of  the  elements  of  construction;  foundations; 
vertical  and  horizontal  walls;  riMifs. 

Practical  Physics.— -M.  K.  Becquerel,  Professor. 
Projrriimme:  Fundamental  laws  of  gt'ueral  physics; 
the  applications  of  heat;  formation  of  vaiM)rs;  use  of 
tlieir  elastic  force;  sources  «)f  heat;  warming  and 
ventilation;  molecular  action;  general  laws  of  acous- 
tics; fundamentid  laws  of  light;  sources  of  light; 
construction  of  oj)ticil  instrumonts. 

Practical  Chemistry. — ,M.  K.  Peligot,  Professor. 
Programme  :  First  part  of  the  conrw,  general  jdie- 
nomena  of  combination  an<l  decomposition;  equiva- 
lents, nomenclature  and  symbol.*';  natural  history  of 
simjiie  non-metallic  Ixnlies,  and  of  their  princiiwil 
combinations;  air;  water;  mineral  acids;  ammonia; 
useful  metals. 

Manufacturing  Chemistry.^M.  Paycn.  Profes- 
sor. Programme  :  Compo.sition  of  vegeta!»le  mat- 
ter, cvUuiose,  preservation  of  timlH»r  and  grains; 
starch,   dextrine,   glucose,   gluten,   Italian   i)astes; 


*  See  Van  Xostrand's  Magaiine,  No.  2, 


page  110. 
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food;  hygiene;  sugar  manufactures;  alcohol;  wine» 
beer,  cider;  piUKjr;  aoap,  gekiiiie;  hydro-carbou.s) 
putrolcuni,  lighting  and  wannhig  gas. 

jjgriculiural  Chemistry. — ^L.lion.ssingault.  Pro- 
fessor. Frograninie :  KxptTiniental  deniouHtration 
of  the  process  of  testing  and  analyzing  substances 
produceti  or  utilized  by  agriculture;  means  of  de- 
tecting adulteration. 

Agriculture. — M.  Moll,  Professor.  Programme: 
Exposition  of  the  special  rules  of  agricultural  z<h)- 
Icehnia;  breeding,  rearing,  and  employing  horned 
cattle,  pigs,  poultry,  horses. 

Rural  iVorks. — M.  Mangon,  Professor.  Pro- 
gramme :  Agricultural  hydrology- ;  drainage;  manu- 
lacture  of  drain  pijMis;  cleaning  drains;  desiccation 
(drainage);  polders;  colmatage  (manuixj  irrigation) ; 
ponds;  lish  culture;  irrigation  with  pure  or  muddy 
water;  legislation  on  water;  ])lantatiou  of  forests; 
grass;  sjind-hills;  forest  industry. 

SSpinning  and  Weaving. — M.  Alcan,  Professor. 
Programme  :  First  proce.«s  in  hand  and  niivchine 
weaving;  i)lain.  curled,  and  figuriKi  webs;  o])enwork 
And  stocking  web;  cleaning  and  mechanical  preiKir- 
ations;  sewing,  embroidery,  and  ornament  machines. 

Dyeing  and  I  rinting. — These  lectures  are  not 
connneiiced  yet. 

Political  Economy  and  Industrial  (Factories) 
Legislation.  —  M.  Wolowski,  Professor.  Pro- 
gramme: Division  of  labor  and  co-o|M.'ration ;  barter ; 
money;  law  of  germuial  an  xi.  (of  the  French  re- 
public); trust  m<»uey  (credit);  exchange;  contract- 
ors and  workmen;  strikes;  trade  unions;  associa- 
tion. 

Industrial  Economy  and  Statistics. — M.  J.  Bu- 
rat,  Profess«)r.  Progranmie :  On  production;  on 
the  forces  emph)yed  by  production;  natural  forciw. 
work,  capital;  on  the  principles  and  economic  laws 
regulating  the  industry  of  agriculture,  manufac- 
tures, and  trades;  on  the  institutions  which  facili- 
tate pr<Kluction;  weights  and  measures,  bills  of  ex- 
change, and  means  of  credit;  means  of  communi- 
cation, roads,  canals,  railways. 


PRESERVING  TIMBER. 

Ad  abstract  of  a  paper  read  at  the  meeting  of  the 
Chemical  Section  of  the  Philosophical  bociety  of 
Glasgow,  by  Mr.  P.  M.  Moir. 

This  paper  was  specially  written  to  ex- 
plain the  methods  that  have  been  and  are 
now  in  use  for  the  preservation  of  timber 
from  decay  by  disease  and  exposure  to  the 
atmosphere,  or  destruction  by  marine  worms 
and  insects. 

Timber  when  exposed  to  the  action  of  the 
atmosphere  is  soon  acted  on  by  damp.  This 
is  especially  noticeable  in  all  timber  fixed 
in  the  ground.  The  action  commences  at 
the  parts  immediately  above  the  surface  of 
the  jrround,  where  the  fibrous  portions  of  the 
wood  are  softened  by  the  moisture,  mould 
and  decay  being  produced.  These  are  indi- 
cative of  a  sort  of  slow  combustion  which  is 
set  up  by  the  alternations  of  wet  and  dry. 
This  kind  of  wasting  away  is  termed  wet 
rot.     Another  and  very  destructive  form  of 


decay  is  that  which  is  known  as  dry  n^ 
This  goes  on  moat  rapidly  where  there  iiM 
I  circulation  of  air.  It  is  believed  by  mm 
I  persons  to  be  caused  by  parasites ;  but  by 
otiiers  it  is  believed  that  the  parasitei  oaly 
appear  after  the  decomposition  has  set  is, 
and  that  they  appear  and  live  to  eonhVM 
the  materials  which  by  their  aceumulatiqi 
might  render  the  earth  and  air  nusuitedtt 
the  essential  conditions  of  life  and  hesltL. 
There  is  some  probability  that  dry  rot  ii  i 
result  of  the  felling  of  timber  while  it  is  full 
of  sap,  that  is,  between  the  end  of  spriag 
and  the  beginning  of  autumn.  Another 
familiar  form  of  disease  is  that  whiuk  ii 
caused  by  the  Termite  or  white  ant.  Thii 
creature's  operations  prove  very  destractift 
in  India,  Ceylon,  Brazil,  and  most  tropicil 
countries.  Its  attacks  are  most  raveoou 
on  all  wood  buildings,  railway  sleepers,  tail 
bridges,  even  though  the  const ractive  na- 
terial  be  lignum-vitac,  one  of  the  birdeit 
and  most  durable  of  woods. 

When  timber  is  used  in  marine  stnictDRi 
the  destructive   agents  arc  greater  enemiei 
than  decay  by  dry  or  wet  rot.     There  an 
two    of   them    which   are    the   best  knowi 
among  salt   water   destructive  agents,  and 
are  very  ruinous  to  all  wood  erections  whiek 
are  unprotected  from   their  ravages  either 
chemically  or  mechanically.     They  are  xU 
Terrdo  natalisy  or  ship-worm,  and  the  Um^ 
noria  terebrans.     The  teredo  is  a  long  worn- 
shaped    creature    which    perforates   timber 
generally  in  the  direction  of  the  grain,  bit 
sometimes  across  the  grain  with  many  wind* 
ings.     When    a   knot  is    wet  with,  or  the 
shell  of  another  teredo,  the  creature  accom* 
modates  itself  to  circumstances  by  bending 
from  its  original  course.     In  a  fir  pile  taken 
from  the  old  pier  of  Southend  a  worm  vai 
found  two  feet  long   and  three-quartera  of 
an  inch  in  diameter.     Some  have  been  Men 
throe  and  even  four  feet  long,  and  one  inch 
in  diameter.    The  teredo  grows  very  rapidly, 
•nd  its  ravages  are  often  very  terrible  on 
ships,  piles,  &c.     The  teredo  is  not  nearly 
so  prevalent  on  the  Scottish  coasts  as  in  the 
South    of   England   and    on    the    coafrts  of 
France  and  Holland  where  unprotected  tim- 
ber is  readily  destroyed. 

The  Lim noria  terebrans  is  very  abundant 
around  the  British  shores.  Its  ravages 
were  first  particularly  observed  in  the  year 
1810,  by  the  late  Mr.  Robert  Stevenson, 
engineer  of  the  Bell-Rock  Lighthouse.  The 
limnoria  very  much  resembles  a  wood-louse, 
and  is  about  1-G  inch  in  length.     It  is  gre- 
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guioas,  amd  in  sitaations  favorable  for  the 
txercue  of  iU  habits  it  soon  produces  great 
fleets  on  the  wood  to  which  it  attaches 
iUelf.  Hj  boing  in  all  directions  it  so  dis- 
iitegrates  the  wood  as  to  allow  the  sea  to 
wash  awa7  its  surface,  and  thus  layer  after 
hjer  of  the  wood  is  riddled  by  the  borer, 
~  wii  then  abraded  by  the  sea  until  the  whole 
piece  of  timber  attached  is  completely  de- 
stroyed. 

Various  opinions  have  been  entertained 
itgarding  the  mode  in  which  the  limnoria 
perforates  and  destroys  timber,  but  the 
opinion  expressed  by  l>r  Coldstream  after 
very  careful  observation  seems  to  be  the 
■ost  worthy  of  credence.  He  states  that 
tke  animal  effects  its  work  by  the  use  of  its 
■andibh^s,  and  it  seems  that  it  is  necessary 
that  the  hole  should  be  filled  with  salt  water. 
Tke  distance  bored  is  from  one  to  two  inches 
lens,  and  as  the  hole  increases  in  size  the 
uiuial  leaves  its  old  workings  and  begins 
■ew  onoH. 

All  kinds  of  timber  in  the  unprepared 
■tile,  except  green  heart,  are  readily  de- 
TMred  by  the  limnoria,  if  used  in  harbor 
workd  not  exposoil  to  the  influence  of  fresh 
•r  river  water.  Greenhcart  is  not  molested 
bj  the  animal  at  all,  but  every  other  kind 
of  wood  is  attacked  immediately  that  it  is 
pat  into  the  sea,  whether  afloat  or  fixed,  but 
MOW  readily  if  fixed.  The  boring  is  gen- 
erilly  limited  to  that  portion  which  is  be- 
tvccn  two-thirds  flood  and  the  bed  of  the 
Mor  c-^tuary.  The  rate  at  which  the  lim- 
noria lores  into  wood  in  pure  salt  water  is 
nid  to  I'C  about  one  inch  in  a  twelve-month  ; 
bit  in>tances  have  occurred  in  which  the 
dostrnction  htis  been  much  more  rapid.  At 
Greenoi-k,  for  instance,  a  pile  twelve  inches 
fqoare  was  eaten  through  in  seven  3'cars. 
The  limnoria  cannot  live  in  fresh  water, 
biDce  it  is  not  found  doin^  any  damage  in 
lie  Clydi*  higher  than  J*ort-iJliu«»gow. 

Grecnhe  irt  timber  in  its  natural  state  is 
the  only  u  ood  now  in  use  for  harbor  works 
that  i-«  proof  against  the  attacks  of  marine 
creatures,  and  those  of  the  white  ant  in  tro- 
pif-al  oouiitrii:s.  There  are  two  reasons  why 
it  cnj<»yH  this  immunity  from  attack:  fir.ir, 
thore  i.-*  ith  great  hardness  ;  and,  secondly, 
there  is  the  presence  of  a  large  quantity  of 
Ciisontial  oil.  It  is  a  very  hard  and  durable 
wood,  weiirhing  about  To  lbs.  to  the  cubic 
foot,  and  having  a  specific  gravity  of  1.0<^9, 
•o  that  it  is  a  little  heavier  than  water.  It 
is  brought  from  Domcrara.  Great  care  is 
requircj  iu  workin;^  it,  as  it  is  very  liable 


to  split.  In  sawing  it  is  necessary  to  have 
all  the  logs  bound  tightly  with  chains,  fail- 
ing which  precaution  the  log -would  break 
up  into  splinters,  and  be  very  apt  to  injure 
the  men  working  it. 

The  author  then  proceeded  to  discuss  the 
various  mechanical  and  chemical  methods 
that  have  been  employed  to  preserve  timber 
from  natural  decay  or  from  the  destruction 
efl^ected  by  living  creatures.  The  mechanic 
cal  methods  are  wholly  employed  for  marine 
purposes,  and  are  the  oldest  iu  use.  One  of 
these  ^consists  in  covering  piles,  between 
high  and  low-water  mark,  with  fiat-headed 
iron  nails,  the  heads  being  about  one  inch  in 
diameter,  and  the  nails  being  driven  in  so 
clost*  that  the  heads  touch,  but  do  not  over- 
lap each  other.  This  method  is  expensive,, 
both  on  account  of  the  materials  employed, 
and  the  time  required  in  the  operation  ;  and. 
besides  this  it  is  very  inefficient,  as  the  nails 
readily  corrode,  and  leave  room  for  the- 
attacks  of  the  living  enemies.  Another  plan 
is  to  cover  the  piles  or  other  submerged', 
timbers  with  sheets  of  zinc  or  copper.  This 
also  is  an  efiicient  means  of  protection. 

For  the  preservation  of  wood  by  means 
of  chemical  preparations,  although  many 
patents  have  been  taken  out,  not  more  than 
six  have  been  worked  commercially.  In  all 
cases  these  patents  were  obtained  for  the 
use  of  solutions  of  certain  chemical  com- 
pounds as  preservative  agents.  The  names 
of  the  patentees  and  the  most  valuable 
compounds  employed  are  shown  in  the  fol- 
lowing table  : 

Chloride  of  mercury. 
Sulphate  of  copper. 

Creosote  or  pitch  oil. 

Chloride  of  zinc. 

Pyroli«?nite  of  iron. 
Sulphite  of  coppur. 
Sulph  itc  of  iron. 
Cur'jouate  of  simU. 

The  methods  employed  practically  in 
working  these  patents  were  three  in  num- 
ber, namely,  stepping,  vital  suction,  and 
pressing  in  close  ves.scls.  Kyan  and  Mar- 
^'ary  employed  the  first-mentioned  method  ; 
Boucherie  employed  the  second  ;  and  Payne, 
Burnett  and  Bethell  employed  the  third, 
which  was  also  latterly  adopted  by  Bouche- 
rie. The  first  and  third  methods  required 
that  the  timber  should  be  seasoned  and  free 
from  sap. 

I  The  author  described  each  patented  pro- 
I  cess  at  some  length,  mentioning  how  it  is> 


Kvan     -     - 

-     18r,2 

M.irg  irv     - 

-   imi 

Bcthc'll  -     - 

-     lH*i8 

Beth'.ai-     - 

-     1848 

Burnett 

-     183S 

Burnt-tt 

-     1840 

BouchtTie  - 

-     18:J9 

BiMichcric  - 

-    isir, 

Puvne    -     - 

-     1841 

Pavne    -     - 

-     184a 
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carried  out,  the  advantug-eH  and  dbadvant-^ 
ages  ill  each  cat^e^  atid  tliu  tMmditiuijs  under 
"which  it  bag  any  practit!iil  hciielit*  In  nu 
case  did  the  evidence  regarding  the  value  of 
the  proccBS  seem  to  equal  Umt  in  favor  cif 
the  creosoting  proeets  jmtcmed  hy  liethcll, 
at  all  events  if  the  tinikter  i»  to  be  exposed 
to  the  weather  or  to  le  u^ed  in  ^truetural 
works  which  are  fiubjectcd  to  the  action  of 
either  fresh  water  or  t-alt  water. 

Kjaiiising,  or  injecting  eorrot*ive  subli- 
mate (fhloride  of  mereurj)  into  timber^  h 
very  expensive  if  properly  done  ;  and  be- 
eideii  this  there  is  the  fact  that  it  is  praeti- 
cally  Ufijelcps,  inasmueh  as  it  has  been  found 
that  kyauised  pi  leg »  after  three  year»'  im- 
mersion in  the  sea,  did  not  contain  a  truee 
of  ihe  preservative  compound. 

Sulphate  of  eopper,  first  suggested  as  a 
preservative  agent  by  Margary,  and  after- 
wards oniftloycd  largely  by  Boucherie,  may 
be  Uticd  to  prevent  dry  rot  in  timber  j  but 
for  piers,  bridges,  railway  isleepors,  and 
other  structures  which  arc  cx[»os*.'d  to  the 
net  ion  of  water,  it  has  no  practical  value,  a*, 
the  water  diHsnlvCiS  out  the  i-alt  with  gnat 
rapidity.  Timber  prepared  with  this  ^ult, 
4nd  used  for  marine  purposes,  is  as  readily 
destroyed  by  the  teredo  and  the  limnoria  ag 
u  t\  p  re  pa  red  t  \  m  be  r. 

In  Fayne^s  process  solution  of  sulphate  of 
iron  is  tirtit  absorbed  into  the  wood,  and 
at*terwards  carbonate  of  soda.  Double  dc- 
compoHition  ensues,  and  the  praatieal  result 
u  the  foriuation  of  oxide  of  irou,  the  de posi- 
tion of  which  renders  wood  brittle,  and  does 
not  prevent  the  attacks  of  either  of  the  ani- 
mals just  named. 

Of  f^ir  Wiirmm  Burnctt^s  chloride  of  zinc 
proee^s  the  author  could  i^ny  nothing  frooi 
personal  experience*  The  cB.sential  part  of 
the  chemical  aetion  of  the  tompound  in  the 
formation  of  an  insoluble  eoagulum  with  the 
albuoien  of  the  wood.  It  is  elaitned  for  the 
liurnett  process  that  it  renders  wood  j>roof 
against  the  attacks  of  the  white  ants  in  In- 
dia;  and  wood  for  in-do<»r  purp<>scs  is  |  ci* 
niaoent ly  improved  by  it* 

lkHhe'ir&  patent  process  for  preserving 
timber  by  the  use  of  creosote  pitch  t»il  is 
the  on  13^  orie  which  really  accompliwhos  the 
object  aimed  at,  although  many  patents  for 
tlio  use  of  oleaginous  substances  had  been 
secured  prior  to  the  year  I80S,  with  the 
hamc  object  in  view.  Creosote  acts  \{^ry 
powerfully  in  ooa^inlating  the  albumen  con- 
tained in  the  cells  of  the  wood,  and  besides 
thb  it  cHectually  prc^orves  the  fiber  of  the 


timber,  and   hence  itg  Talue  ever  &U 
go-called  preRcrvftiivc  agenU. 

The  apparatus   rtquireii  in  the  ftt<*»j!lji* 
process  consista    of  an    injeeting   r 
generally    about  six  feet    in    diaim 
varying    from    30  feet  to  70  feci 
gether  with  exhaust  and  pretiiurc  pt 
oil  tank,  and  thertquisile  piping  et>t* 
It  is  not  unusul   to   have  buth   ends  oi  11^ 
cylinders   open,  so  that   the    timber  ota?  te 
entered  at  one  end  and  removed  at  tl       ' 
with  the  greatest  facility,  and  to  h  ; 
fitted  with  air-tight   iron   doom,  ni 
removable  at  pleasure.      Whun  thf 
is  charged  with  timber,  and  thi^ 
properly  ftecured,  the  air  is  exri  . 
air  pump,  both  fiom  the  interior  c»i 
inder  and  from  the  pore*  of   the  w 
vacuum  being  produced  10  the  cyHmtrrr  tfcf 
oil,  which    has   been   heated  in  the   ''^ '»'  ^^ 
stesim  pipes  to  a  tcmpeiature  of  nl  • 
fahr ,  is  allowed  to  rush  in t  and  ^u^u^utj 
cylinder   is  full,  the  inlet  pipe  i)<  ^liut  iu4 
the  preshure  pumps  are   started  to  f 
oil  into  thf*  Wi>od,  the   prcssur«  bt-ii 
tained  at   from  15(*  lbs.  lu  2*'*' 
ai|uare  inch  until  the  wood  ha^ 
-required  quantity  of  oil,  which   i- 
by  reference  to  an  index  gauge.     1 
purposes  the  amount  of  oil   recttmni' 1  1   1  i» 
eight  lbs.  to  the  cubic  foot  of  wood,  Ami  it 
marine  purposes  from  10  to  12  lb;*,  per  cubic 
tViot.    In  France,  lielgium  and  Holh^'''^  ^^-* 
quantity  uped  varies  Jfrora  16  Ib^  i 
per  cubic  foot  when  the   timber  i* 
for  marine  works.     Beech  wood  ha* 
as  much  as  31  lbs.  of  oil  per  cubic 
when  used  for  railway  platfonn?*  « 
works,  it  is  donbr]i*ss  the  *  ' 
durablo  material  that  can  ; 

Creosoti-  (or  pitch  oil,  a^  it 
nionly  called  in  Scotland)  i*  oi 
distillation  of  coal  lar,  the  other  in. 
being    ammoniacal    liquor,    crude 
and    the    residual    pitch.     The   c<i; 
Scotch  ^n3  work**   generally  yields  ..      ,    ^ 
per  cent  of  oil  which   distils  uvit  al  tenipf* 
;iture>  ranging  from  400**  to  7UU**  fahr.;  il 
England,  liowever,  tlic  amount  is  otily  aloui 
2*)  per  cent.     The  auth(»r  estimate*  th«  an- 
nual  yield   of  pitch  oil  in  Scotland  at  oa^ 
million   gallons,  almost  the  whole  of  whiel 
is  used  for  creosoting  purposej«,      U  t*  |»i 
bable  that  creosote  owes  its  val 
tie  property  to  the  presence,  in 
to  fourteen  percent  of  crude  cm  i 
which  could  not  be  used  by  itsc^ 
purposes,  as  it  ia  slightly  soluble  in  waMi 
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According  to  Dr.  Lethebj,  creosote  acts  j  time  they  arc  as  perfectly  sound  as  the  first 
u  A  iircservative  agent  iu  the  following :  day  they  were  put  down.  The  gates  of  tho 
wty«  :  '■  now  dock  now  being  conHtructed  at  that  port 

1st.  It  coagulates  albuminous  substances !  ui  e  made  of  croosoted  pine  bound  with 
■Bii  gives  i^tability  to  the  con^tituentri  of  the  ,grcenhcart  timber,  the  quantity  of  oil  used 
esmbiuni  and  cellulose  of  the  young  wood.    !  being  ten  lbs.  per  cubic  foot.     At  Glasgow  all 

tJd.  It  absorbs  and  appropriates  the  oxy-  \  the  wooden  wharves,  with  the  exception  of 
pn  which  is  within  the  pores  of  the  woo<l,  I  the  steamboat  qua}',  are  constructed  of  creo- 
hmI  so  checks',  or  rather  prevents  the  erenia-  soted  pine,  eiizht  lbs.  of  oil  to  the  cubic  foot. 


Cinsis  of  tho  ligneous  tissue 
Sd.  It  rei*iiiifies  within  the  pores  of  the 


The  whole  of  the  wharves  at  the  Kingston 
Dock  are  built  of  creosoted  wood,  the  same 


wood,  and  in  ihi6  way  shuts  out  both  air  and  !  quantity  of  oil  being  used.     At  Port-Glas 

gow  ami  <irecnock  timber  prepared  by  the 
Bethell  process  ia  largely  used,  and  the 
same  is  true  of  nearly  every  port  in  Eng- 
lanil.  Much  attention  has  been  given  to 
the  crcosotiiig  process  by  the  Belgian  Gov- 
ernment, and  so  satisfactory  have  the  expe- 
rimcMits  been  thai  no  other  process  is  used 
by  that  government.  Very  full  anil  inter- 
esting accounts  of  the  Belgian  experiments 
upon  the  creosoting  process  have  been  pre- 
pared by  M.  L.  Crepin,  ingeiiieur  des  Ponts 
et  Chau'^si  es,  especially  in  *•  Annales  des 
Travaux  Publics  de  Belgique,'*  vol.  xxi., 
M.  (Vepin  affirms  that  wood  retains 
its  former  elasticity  in  the  creos.ted 
state,  and  acquires  a  density  whirh  it  did 
not  possess  in  the  unprepared  condition.  M. 
A.  iMuestier,  engineer-in-chief  for  the  de- 
partment of  La  Vemlee,  made  a  very  minute 


Boisture. 

4th.  It  act  A  as  a  positive  poison  to  the 
kver  forms  of  animal  and  vegetable  life, 
and  to  protects  the  wood  from  the  attacks 
of  fungi,  acari,  and  other  parasites. 

Since  the  creosoting  process  was  first  in- 
trodu?i'd  iu  the  year  1><I58  it  has  been  cx- 
len.^ively  oni]»loyed  in  Great  Britain  and 
Ireland;  in  all  countries  on  the  continent 
where  creo-ote  oil  can  be  obtained — France, 
HulUiid,  Belgium,  Germany,  Spain,  Portu- 

Sil,  and  Italy;  and  in  India,  Cape  Colony, 
mil.  and  other  tropical  ccmiitries,  to  pre 
wrvL*  timber  from  the  attacks  of  the  white:  lSt>4. 
iBt.    Wherever  it  has  Jtieen  proiMirly  carried   all 
W  it  has  been  completely  successful. 

Of  late,  many  railway  companies  have 
ii«cnntinu(Ml  the  use  of  creosoted  sleepers, 
not  from  any  failure  of  the  pn)cess,  but  from 


the  W'.-ar  and  tear  of  the  sleepers  caused  by  ;  and  elaborate  report  for  the  Paris  Kxhibi- 
tho  chair*  cutting  down  into  them  and  grad- 1  tion  of  l.^»»7  on  the  creosoting  process  and 
mIIt  PU'lering  them  useless.  This  mecha-  ■  experiments  made  witii  it  on  timber  used  in 
airal  injury  to  the  sleepers  would  be  great-  =  b<»th  land  anil  marine  works  in  France  ;  and 
It  li"«^cned  were  the  base  of  the  chair  ma<le  in  that  country  the  process  is  also  largely 
bnitdcr.  According  to  Mr.  Deas,  late  en- i  employed, 
pnror  on  the  western  secti<m  of  the  North 


Kriti-h  Kail  way,  it  will  doubtless  be  less 
ani  lo-s  tlic  jiractlee  of  railway  companio ' 
in  tlu"  country,  un<ler  the  present  financial 
dfjin'^-^ion,  to  cr.  osottt  or  otherwise  prc- 
■oMc  thi'ir  sleepiTs,  as  the  vn^i  of  the  oper- 
irii,.| — I)  1.  t(i  Sd.  |»er  sb-cper— is  such  a  high 


now  STEHEO'IYPE-PLATES  ARE  MADE. 

From  the  **  Arovrionn  Artivnn." 
The  surface  of  the  types,  set   up  as  for 
prii.ring.  is  tir^t  treated   in  the  same  man- 
ner as  fur  clectrotyping,  exee|)t  that  it  is  oil- 


pr.«;i«irtion  to  the  ori^rinal  co-it  of  the  sleejjcr,  I  ed  instead  of  being  c<»ated  with  black-lead 

wliii'h  i-  L'cneriilly  from  lis.  2ii.  to  lis.  till,  for    ~ 

ej'!:.  wh'le,  owing  to  the  cultin;r-do\vn  ae- 
I'-n  •■t'Tb.^  « hairs,  the  prepared  sleep,  r  be- 
r -::M-.i  u-  b's?  for  permanent  wear  almost  a> 


This  bciiiL'  tlone,  what  is  ttehnically  c.illed 
a  fla^k,  simply  a  kiinl  of  reetauL'nlar  fnime 
is  ])l;ie.Ml  r.|.(in  the  chaso.  PIastcr-<if- Paris 
bn.UL'ht  to  til"  suitable  con>i>tcney  with  wa- 
p..«.ii  a-  o!!'^  unprepared.  ^  ter  is  thin  poured   into  the  flask   and   uj)on 

Fi»r  lrir*!or  works  in  Seotland  the  creo^ot- '  the  surface  of  the  tyi>e  lot-ked  up  in  the 
inirpror«-i>  has  been  largely  used.  At  Lcith,  chase,  ami  suffered  to  liarden.  This  being 
th**  w«-^t  jder,  consi>tin:r  of  1,()1.S  main  j  <lonc,  the  planter  mold  thus  formed  is  brought 
pill.*,  i<  i-ntirely  constructed  of  creosoted  ,  away  from  the  chase,  and  consecjuently  fr(»m 
timber,  and  the  extension  of  the  cast  j)ier  i  the  face  of  the  type,  by  means  of  screws  ar- 
CrtTita'M'*  ol2  main  pile.-*,  also  creosoted. —  ranged  at  the  <*orners  of  the  flask.  By  this 
Th**-!'  ipM'tions  were  commenced  in  1S4>^,  means  the  surface  of  the  mold  is  kept  intact 
and  fini'hed  in    1)^53,  and  at  the   present  j  from  injury,  which  would  occur  if  the  move- 
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nicut  of  the  flask  in  reinoviDg;  the  plaster ' 
from  the  projecting  faces  of  the  type  were  | 
irregular,  or  even  very  slightly  in  a  lateral  | 
direction.  When  the  mold  has  been  com- j 
pletely  detached  from  the  face  of  the  type  it  j 
is  fitted  into  a  cast-iron  pun,  and  both  pan  \ 
and  mold  are  8unk  to  the  bottom  of  a  cald-  j 
ron  of  melted  stereotype  metal,  which  is 
somewhat  different  from,  although  closely 
resembling,  ordinary  typo  metal.  ^  This 
caldron  is,  of  course,  arranged  over  a  suita- 
ble surface.  The  mold  is  suffered  thus  to 
remain  in  the  molten  metal  until  the  heat  of 
the  latter  has  completely  dissipated  all  the 
moisture  of  the  mold,  so  that  the  metal  pene- 
trates without  blowing  into  all  the  interstices 
of  the  mold.  The  mold  being  lifted  from 
the  caldron  is  filled  with  the  molten  metal, 
which  on  cooling  constitutes  the  stereotype, 
requiring  only  the  finishing  operations  of 
planing  to  thickness  and  the  like  to  fit  it  for 
use  in  printing.  These,  being  substantially 
the  same  as  in  the  ease  of  electrotypes,  re- 
quire no  further  description  hsre.  It  should 
be  mentioned,  however,  that  previous  to  be- 
ing thus  finished,  the  plaster  or  material 
that  may  adhere  to  the  plate  must  be  re- 
moved therefrom  by  thorough  washing:,  faci- 
litated by  the  active  application  of  a  brush. 
It  is  sometimes  preferred  that  the  plates 
should  be  ca^^t  in  clay  molds,  instead  of  in 
tho'ie  formed  of  plaster,  the  clay  taking  a 
better  impression  of  low  space  work  than  the 
plaster,  and  having  the  additional  advan- 
tage that  it  does  not  fill  up  the  faces  of  the 
ty|)e  like  the  jjlastcr;  this  advantage  obvia- 
ting all  necessity  for  cleaning  the  type  after 
forming  the  mold,  as  is  essential  in  the  other 
case. 

The  material  of  which  the  clay  moMs  are 
formed  is  common  kaolin  or  potter's  clay, 
mingled  with  powdered  soapstone  and  pro- 
perly   tempered.        Previous    to    use    it    is  j 
wrought   and  worked  up  with   a  solution  of 
guui-arabie,  and  a  little  plaster  is  adied. — 
13v.*ing  brought  to  the  reciuisite  condition  and 
consistency,  it  is  spread  upon  tlie   platen  of 
a  pr.vss,   and  the  impressit)n  of  the   type  or 
other  surface  is  taken  in  the  same  way  that ! 
the  impression  upon  wax  is  taken  in  the  pre- 1 
liminary  part  of  the  process  of  electrotyping.  | 
The  clay  thus  impressed  forms  the  mold  that 
is  to  be,  and  is  dried  either  in  an  oven  con- 
trived for  the  purpose,  or  by  simjdy  placing 
it   upon  the   top  of  an  ordinary   furnace. — 
When  the   clay  molds    have  become    thor- 
oughly dried,  they  are  placed  one  over  an- 
ther  and  surrounded  by  metallic   frames, 


which  not  only  serve  to  close  their  Mide«,l«l 
also  to  keep  them  the  requisite  dlsUMt 
apart.  When  thus  arranged  the  uoltea 
metal  is  poured  into  the  spaces  between 
and  on  cooling  forms  the  stercotype-platM 
in  the  same  manner  as  it*  cast  in  the  strpa* 
rate  plaster  molds.  Plates  may  be  fut 
more  cheaply  by  the  use  of  the  elay-niuldi 
than  by  the  others,  and  for  ail  ordinary  pir> 
poses  the  work  is  just  as  good.  Wberc  fiM 
and  sharp  impressions  are  required,  hoir- 
ever,  there  is  no  mode  of  stcrcotypiDg  tkit 
gives  as  good  results  as  the  plaster  luctLod. 

As  an  addemla  to  the  above  descriptioi 
of  the  manner  of  making  stereotypes  pn^ 
ticed  by  Messrs.  Lovejoy,  Son  &  Co.,  wt 
give  a  brief  sketch  of  another  process — the 
papier-niache  process — employed  iu  making 
the  plates  used  in  printing  the  large  editiuu 
of  some  of  the  morning  papers  of  this  citj, 
for  which  the  simple  forms  of  type  alone 
would  be  wholly  inadequate. 

In  carrying  out  this  process  a  sheet  of 
blotting  paper  of  suitable  size  is  coverefi  oo 
one  side  with  a  coating  of  paste  prepared 
especially  for  the  purpose,  and  upon  thifi 
and  carefully  smoothed  with  the  hand,  ii 
placed  a  sheet  of  tidsue-paper.     This  sbeet 
it  cut  into  pieces  corresponding  in  size  to  the 
pages  to  be  stereotyped,  and  each  piece  ii 
coated  on  its  face  or  tissue  side  with  fiuelr- 
powdered  French  chalk,  applied  with  a  mII 
brush.     The  surface  of  the  page  of  tvpeit 
sparingly  coated  with  salad-oil,  and  the  pa- 
per, face  downward,  is  laid  upon  the  sarfaee 
of  the  type.     This  being  done,  a  piece  of 
damp  linen  is  laid  upon  the  back  of  the  pi' 
per,  and  the  paper  is  then  beaten  down  upon 
the  surface  and  into  the  type  by  means  of 
what   is    known  in  the  trade  as  a  beating- 
brush,  care  being  taken  to  bring  the  bruah 
flatly  down  upon  the  paper  ut  each  stroke. 
When  the  paper  has  been  well  beaten  into 
the  type  in  this  manner  the  cloth  is  remov- 
ed, a  piece  of  cartridge-paper  is  pasted  upon 
the  back  of  the  paper  matrix  ju.*)t  fornicii, 
and  the  beating  operation  is  repeated.     This 
being  done,  the  matrix,  still  upon  the  tvpe, 
is  subjected  to  the  action  of  a  pre.fs,  and  af- 
terwards   suffered  to  dry  somewhat,  which 
ordinarily  requires  but  a  few  minutes,  after 
which  the  matrix  is  geutl}*  lifted  and  sepa* 
rated  from  the  type. 

In  casting  the  plate  the  matrix  is  fitted  in 
what  is  termed  a  mold,  and  the  metal  is 
poured  in,  and,  filling  the  mold,  on  co -ling 
forms  the  plate,  which,  if  all  the  various 
operations  of  the  process  have  bccD  properly 
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•rried  on,  easily  separates  from  the  matrix, 
ad  by  a  few  fiuLshiug  touches  is  reudercd 
il  for  use. 

This  pajntr-macki  process  has  the  advan- 
ages  of  cheapnes^and  quickness  in  making 
Im  plates,  and  the  latter  are  about  equal  in 
{■ality  to  those  made  in  the  clay  molds 
iboTe  described.  It  is  found,  however, 
dkat  the  beating  of  the  paper  upon  the  type 
Isftroys,  in  time,  the  hair  lines  upon  the 
latter,  and  thus  impairs  their  value.  An- 
nker  objection  to  this  plan  lies  in  the  dete- 
rioration of  the  type-metal,  which  in  found 
to  occur,  for  some  unexplained  reason,  when 
the  metal  is  cast  upon  the  paper  material  of 
the  matrix. 


COMMUXICATION  BETWEEN  ENGLAND 
AND  FRAJiCE. 

From  **  Eogineeriog." 

The  prospects,  engineering  and  commer- 
eiil,  of  a  tunnel  beneath  the  Dover  straits, 
tke  possibility  of  constructing  such  a  work, 
lid  the  chances  of  a  profitable  issue  if  it 
wen  ever  completed,  are  at  last  in  a  fair 
nj  of  being  thoroughly  investigated  and 
Mded,  bO  far  as  it  is  possible  for  able  en- 
RDMring  foresight  to  decide  them.  It  is  at 
Kut  a  satisfaction  to  know  that  the  idlers 
1^,  with  scarcely  capacity  to  lay  u  water 
■ain,  treat  the  construction  of  twenty-five 
niles  of  submarine  tunnel  as  a  mere  trifle, 
till  perforce  cear^e  from  troubling  with  their 
TiMonary  executive  and  revenue  estimates 
vken  a  bound  opinion  has  been  given  on  the 
Hitter.  It  is  but  just,  however,  to  all  these 
lehemers  to  admit,  that  their  perseverance 
ku  done  something  to  impress  the  fact  that 
Ike  present  means  of  communication  with 
the  Continent  are  eminently  inefficient  and 
lonatiafactory. 

It  may  be,  for  the  limits  of  possibility 
etnnot  be  set,  that  the  next  generation  will 
fee  the  completion  of  a  railway  ligature 
joining  France  and  England,  and  that  the 
traffic  will  have  increased  h^o  enormously  as 
10  pay  the  high  dividends  which  alone  could 
reunneratc  the  venturous  capitalists  for 
their  precarious  investment.  But  this,  as 
yet,  is  beyond  the  province  of  sober  belief; 
and  there  is  no  reason  to  imagine,  as  the 
advocates  of  the  Channel  Tunnel  would 
hare  us  imagine,  that  pas.-^engcrs  would 
travel  in  millions  beneath  thu  bed  of  the 
sea,  instead  of  in  thousands  on  its  surface, 
or  that,  to  the  popular  mind,  an  hour  of 
Bental  agony  in  a  tunnel  would   be  wel- 


comed in  exchange  for  sixty  minutes'  physi- 
cal discomfort  on  the  surface.  Assuming, 
however,  for  a  moment  that  such  a  scheme 
has  been  pronounced  feasible,  and  that  the 
twelve  millions  or  so  have  been  raised  for 
the  work,  England  und  the  Continent  would 
have  to  wait  patiently  for,  perhaps,  a  quar- 
ter of  a  century  till  the  tunnel  was  complet- 
ed ;  so  that,  at  least  pending  the  construc- 
tion of  this  great  undertaking,  we  must  look 
for  some  efficient,  if  only  temporary,  means 
for  superseding  the  present  miserable  accom- 
modation. 

Such  a  plan  is  offered  by  Mr.  John  Fow- 
lor,  and  the  other  engineers  associated  with 
him,  in  his  English  and  Continental  Inter- 
communication scheme,  deposited  last  Ses- 
sion, and  postponed  till  next  year,  for  the 
adjustment  of  preliminary  airangements, 
and  for  the  further  consideration  of  the  pro- 
ject. It  is,  indeed,  no  matter  for  regret 
that,  publicly,  the  bill  will  lie  dormant  till 
next  Session,  for  the  interval  will  give  time 
for  present  opposition  to  be  converted  in 
future  co-operation,  while  the  agitation  of 
the  permanent  communication  advocates 
will  urge  forward  the  undertaking. 

The  route  chosen  for  the  crossing  is  from 
Dover  to  Audrecelles,  which  latter  port 
offers  far  greater  advantages  than  does  the 
coast  at  Calais.  A  shorter  course — only  23 
miles  from  dock  to  dock^-deeper  water,  an 
absence  of  shifting  sand-banks,  and  a  com- 
plete protection  from  the  easterly  and  north- 
easterly winds  under  the  lee  of  Cape  Gris- 
nez,  whose  lighthouse  would  direct  the 
course,  are  among  the  obvious  advantages  of 
the  new  proposed  route.  The  construction 
of  a  few  miles  of  railway  from  Audrecelles 
to  Wimereux,  will  save  the  journey  from 
Calais  to  the  latter  station,  and  shorten  the 
distance  to  Paris  by  fourteen  miles,  although 
of  course  travelers  to  Brussels  and  towards 
the  north  would  suffer  this  disadvantage 
now  incurred  by  those  who  have  Paris  for 
their  destination.  As  the  former  class  of 
travelers  are,  if  anything,  a  little  more 
numerous  than  the  Litter,  it  follows  that  the 
traffic  of  the  railway  would  be  increased  by 
the  change  of  lauding  places,  even  if  the 
increased  facilities  of  crossing  did  not  stim- 
ulate travel.  But  of  this  there  can  be  no 
doubt,  although  not  in  the  extravagant  de- 
gree claimed  by  the  tunnel  advocates,  who 
must  look  forward  to  an  unceasing  stream  of 
about  250  passengers  per  hour  throughout 
the  year,  and  an  increase  of  goods'  traffic  in 
like  degree,  to  earn  a  revenue  sufficient  to 
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pay  their  dividends  and  maintenance  ex- 
penHcs.  This  viay  come  in  the  future,  cre- 
ated by  the  submarine  link,  but  v^o  fur  as  we 
can  see  there  is  not  a  single  advantnge, 
claimed  for  the  permanent  communication, 
which  is  not  possessed  by  the  ferry,  whilst 
the  latter  scheme  is,  on  the  other  hand,  free 
from  the  objections  fatal  to  the  tunnel. 

A  moderate  cnpital,  easily  obtained,  would 
suffice  in  a  short  time  to  establish  a  perfect- 
ly efficient  and  satisfactory  service,  that 
would  so  far  encourage  and  increase  traffic 
as  to  produce  a  revenue  representing  a  large 
return  upon  the  ontla}'.  The  railway  com- 
panies, both  English  and  Continental,  would 
obtain  corresponding  advantages  with  the 
increasing  traffic  promoted  by  the  new 
pervice,  and  above  all,  of  far  more  import- 
ance than  the  new  comfort  derived  by  pas- 
sengers, a  satisfactory  means  of  transport- 
ing merchandize  would  be  gained,  and  the 
delays  and  injuries  to  which  goods  are  now 
constantly  exposed  would  be  avoided.  Con- 
centrating at  Audrecelles  from  all  parts  of 
Europe,  the  goods'  wagons  would  l»e  trans- 
ported to  the  opposite  dock  to  the  benefit  of 
the  Chatham  and  Dover  and  of  the  South- 
Kastern  Railways,  whi';h  would  necessarily 
secure  through  the  ferry  the  Imlk  of  the 
merchandize  that  is  now  exported  for  the 
various  shipping  places  of  the  Continent  to 
the  English  ports. 

Oft'ering  all  these  advantages,  we  canr.ot 
doubt  that  the  English  and  Continental  In- 
tercommunication bill  will  be  freely  passed 
next  Session,  and  that  the  works  will  be 
commenced  without  delay.  The  pulilic  an«l 
the  railway  companies  are  alike  interested 
in  its  comjdeti(m,  and  though  it  wa// have  in 
its  turn  to  give  place  to  a  permanent  com- 
municiition,  it  will  have  probably  a  half  cen- 
tury of  {jood  service  without  competition, 
and  it  would  afterwards  doubtless  be  leased, 
and  kept  in  working  order  by  the  tuimel 
company,  in  the  event  of  any  contingency, 
to  which  that  great  work,  after  its  c<»mple- 
tion,  might  in  the  course  of  nature  be  liable. 

THE  Pennsylvania  Iuoxworks,  Ches- 
tc'.  Pa.,  have  closed  a  contract  with 
parties  in  New  York  for  the  building  of  a 
number  of  iron  steam-colliers  for  the  coast- 
ing trade,  having  a  carrying  capacity  of 
about  600  tons.  They  are  only  the  pioneer 
vessels  of  a  projected  large  fleet  for  cheaply 
transporting  coal  from  the  most  convenient 
points  of  shipment  to  consumers.  Some  rail- 
way companies  arc  interested  inthe  enterprise. 


TUE  INDICATOR. 

PRACTICAL    DIRECTIONS    FOR    AFPLTIVO 
AND  TAKING  CARE  OF^UE  INSTRUXI!!!. 
From  Porter'«  <<Riobard'B  Steam  Indiealor." 
I. 

Op  Attaching  the  Indicator.— Wki 
it    is    practicable,     diagrams     shonM   bi 
taken  from  each  end  of  the  cylinder.    Tki 
assumption    commonly    made,  that  if  tb 
valves  are  set  equal,  the  diagram  from  oh 
end  will  be  like  that  from  the  other,  willbi 
shown  by  this  instrument  to  be  erroneoK 
This  is  owing  to  the  difference  in  the  spcel 
of  the  piston  at  the  opposite  ends  of  the  fjl*    . 
inder,  which  is,  at  the  outer  end  of  adiree^  ** 
acting  engine,  from  B5  per  cent  to  66  per 
cent  greater  than  at  the  crank-end,  the  ai^ 
ference  varying  according  to  the  degree  of 
angular  vibration  of  the  connecting-rod.    Ii 
side-lever  or  beam-engines,  these  proportioni 
are  reversed,  and  the  speed  of  the  pisUmii 
greater  at  the  up]>cr  end  of  the  cyliader. 
Often,   also,  there   is   a   difference  in  tho 
lengths  of  the  thoroughfares,  and  in  the  lead, 
or  amount  of  opening,  or  the  point  clMing; 
and  many  times  the  valves  arc  supposed  to 
be    correctly  set,  when  this  Indicator  will 
show    that  they  are  not.     These  and  ntiy 
ether  causes,  will  make  a  difference  in  tlio 
diagrams  obtained  from  the  opposite  sidel 
of  the  piston. 

One  use  of  the  Indicator  is  in  fact  to 
show  whether  or  not  the  diagrams  from  op- 
posite ends  of  the  cylinder  are  alike. 

Pipes  to  de  Avoided. — The  Indicator 
should  be  fixed  close  to  the  cylinder,  cipe- 
cially  on  engines  working  at   high  speedi 
If  pipes  must  be  u>ed,  they  bhould  not  b« 
smaller  than  half  an  inch  in  diameter,  and 
five-eighths  in  the  bends,  and  as  short  and 
direct  as  possible.     Any  engineer  can  »ti»fT 
himself  with  this  instrument,  that  each  inch 
of  j)ipe  occasions  a  perceptible  fall  of  prea* 
sure  between  the  engine  and   the  Indicator, 
varying  according  to  its  size  and  number  of 
bends  and   the   speed  of  the  piston.     Dia- 
grams have   been  known  to  show,  from  this 
eausc  alone,  40  per  cent  less  pressure  than 
was  actually  in  tlie  cylinder.     Probably  the 
diagrams    taken    from    engines,    generally 
show  in  nine   eases  out  of  ten,  the  lead  or 
the  pressure  or  both,  untruly,  from  the  in- 
correct manner  in  which  the  instrument  is 
attached. 

Where  to  Connect  the  Indicator.— 
On  vertical  cylinders,  for  the  upper  end,  th« 


VAN  NOSTRAND'S  ENGINEERING  MAGAZINE. 


413 


or  cock  is  usually  screwed  into  the 

Sometimes   it   is  attached    where 

-cup  is  set,  this  beiug  removed  for 

rposc.     For  the  lower  end,  it  is  ne- 

to  drill  into  the  side  of  the  cylinder, 
DTenient  point  in  the  space  between 
inder  bottom  and  the  piston,  when  on 
Iter,  and  screw  in  a  short  bent  pipe, 
socket  on  the  end  to  receive  the  In- 
'  cock.  This  Indicator  can  be  used 
•rizoutal  position,  but  it  will  be  found 
Qore  convenient  to  put  in  a  bent  pipe, 
;  it  vertical.  Sometimes  it  will  be 
iry  to  drill  in  the  side  of  the  cylinder 
upper  end  also,  especially  in  double 
ir  engines  having  parallel  motions, 
lie  Indicator  cannot  generally  be  set 
covers.     Care  must  be  taken  that  the 

does  not  cover  the  hole  when  on  the 
.  No  putty  is  necessary  to  make 
■mall  joints,  and  it  should  never  be 
IS  it  is  liable  to  clog  the  instrument. 

screw  fits  loosely,  a  few  threads  of 

wound  round  the  stem  will  prevent 
cape  of  steam. 

horiiontal  engines,  the  best  place  for 
dicator  is  on  the  top  or  upper  side,  at 
nd  ;  if  it  cannot  be  placed  there,  bent 
nay  be  screwed  into  the  covers  or  into 
le  of  the  cylinder.     In  other  respects 

the  directions  given  fur  vertical  cn- 
Thc  Iniiicator  should  never  be  set 
municate  with  the  thoroughfares.  The 
it  of  steam  past  the  end  ojf  the  pipe  or 
le  reduces  the  pressure  in  the  instru- 

aud  the  diagram  given  is  utterly 
ess,  as  any  engineer  can  readily  as* 
1  by  making  the  experiment. 

stop-cock  being  screwed  firmly  in  its 
screw  the  Indicator  down  to  its  seat, 
(e  it  to  the  most  convenient  position, 
ake  it  fast  by  turning  the  coupling; 
lovo  the  guiding-pull  ys  to  their  pro- 
lition  to  receive  the  cord,  and  the  in« 
iot  is  in  readiness  for  use. 

IT. 
Giviso  Motion  to  the  Papeb. — 
rum  the  best  Meatis. — The  revolution 
Imm  is  probably  the  most  correct  as 
I  convenient  method  of  giving  motion 
paper.  It  may  be  supposeii  that  a 
de,  worked  by  positive  means,  would 
i  perfectly  accurate  motion  ;  but,  in 
It  high  velocities,  where  alone  any 
B  is  met  with,  the  difficulties  involved 
ise  are  more  troublesome  than  those 
tod  by  the  cylinder.    In  most  cases 


the  connecting-rod  must  necessarily  be  some- 
what long ;  it  must  not  tremble,  or  the  line 
on  the  paper  will  be  tremulous,  and  the 
weight  required  for  stiffness,  joined  to  the 
weight  of  the  slide,  causes  a  momentum, 
which,  if  the  rod  is  worked  by  a  vibrating 
arm,  will  give  to  the  paper,  on  each  center, 
a  motion  opposite  to  that  of  the  piston  of  the 
engine ;  and  precisely  at  these  points  it  is 
of  the  greatest  consequence  that  the  two 
motions  shall  coincide. 

In  the  use  of  the  cylinder  at  any  speed, 
the  question  of  obtaining  a  positive  motion, 
if  there  is  no  elasticity  in  the  cord  or  the 
parts  to  which  it  is  connected,  is  simply  ono 
of  proportion  between  the  momentum  of  the 
revolving  parts  and  the  strength  of  the 
spring  by  which  this  is  resisted.  In  this 
Indicator  these  parts  are  made  as  light  as 
possible,  consistently  with  other  require- 
ments, and  the  spring  is  of  such  strength 
that  they  may  be  reciprocated  from  250  to 
300  times  per  minute,  without  any  increase 
in  the  length  of  the  diagram,  and  of  course, 
therefore,  without  any  error  in  the  motion. 
There  is  no  difference  in  the  construction  of 
these  Indicators  in  this  respect,  it  being  in- 
tended that  every  instrument  shall  be  appli- 
cable to  any  engine. 

From  what  Points  to  dvrive  the  Mo- 
tion.— This  may  be  taken  from  any  part  of 
the  engine  which  has  a  motion  coincident 
with  that  of  the  piston.  For  a  beam-engine  a 
point  on  the  beam,  or  beam-center,  or  on  the 
parallel- motion  rods  whore  these  are  em- 
ployed, will  give  the  proper  motion  ;  but 
care  must  be  taken  that  the  cord  be  led  off 
in  the  right  direction — a  requirement  which 
is  sometimes  overlooked ;  afterwards  its  di- 
rection of  motion  may  bo  changed  as  re- 
quired. 

In  some  oases  it  is  most  convenient  to 
take  the  motion  from  a  point  on  the  end  of 
the  revolving  shaft ;  this  is  frequetly  tho 
oaso  on  horizontal  engines,  working  at  high 
speeds,  because  then  the  motion  does  not 
need  to  bo  reduced,  Kxaot  aocuraoy  cannot 
be  got  in  this  way,  however,  without  cm- 
ploying  a  moving  slide  and  conneoting  it 
with  tho  pin  in  the  end  of  the  shaft  by  a  rod 
or  oord  of  such  length  that  its  angular  vi- 
bration shall  be  tho  same  as  that  of  tho 
connecting-rod.  This  will  l)e  found  gener- 
ally a  troubh^somo  matter,  and  the  engineer 
will  probably  prefer,  in  mi>st  oases,  to  disre- 
gard the  error  resulting  ft'om  its  omission^- 
which  is,  that  tho  motion  of  tho  paper  will 
be  more  nearly  equal  at  the  two  ouds  of  ilio 


struke,  being  slower  than  that  of  the  piston 
tit  the  one  end,  and  faster  at  the  other.  The 
crank  or  pin  front  which  the  cord  receives 
its  motion  uiuist  bo  on  its  center,  rebitivelj 
to  the  direction  of  the  cord,  whatever  that 
direction  may  be,  precisely  wlien  the  crank 
of  the  engine  h  oti  ifs  center.  If  thin  re- 
([nircnient  ia  not  carefnlly  attentled  to,  the 
diajrrani  will  he  worthless.  Generally,  on 
horizontal  eujiine,^,  the  motion  of  the  paper 
i:*  taken  from  the  cross-head.  In  an  engirio- 
Toom,  a  *^trip  of  deal  board  may  be  suspend- 1 
ed  from  the  ceiling  in  such  a  manner  as  to 
per  [hit  it  to  swing  backward  and  forward, 
edgeways,  by  the  side  of  the  guides^  and 
Uiotion  may  be  given  to  it  by  a  pin  secured 
lirnily  to  the  ero»»-head,  and  projecting 
through  a  slot  in  the  board,  in  which  it 
sloniKl  fit  nicely  to  prevent  lost  time  on  the 
centers.  The  board  must  hang  plumb  vvhi*n 
tiie  piston  h  in  the  middle  of  its  stroke. 
The  curd  may  be  connected  to  this  strip  of 
board  at  a  point  «nibciently  near  to  its  point 
of  suspension  to  give  the  rc<[uirtMl  reduction 
of  motion  for  the  paf«er,  and  must  be  led  off 
in  a  horizontal  direction,  and  tfien  over  one 
or  more  pulleys  in  any  rei[nired  direction  to 
the  Indicator.  At  Ligh  speeds,  however, 
pulleys  shonbi  be  avoided.  On  portable 
engines,  the  motion  may  be  obtained  in  the 
manner  jnst  described,  the  lever  swinging 
from  a  pin  supported  in  a  standard  ahout 
two  feet  in  height,  set  on  one  of  the  guide- 
bare* 

On  locomotives  having  outside  eonnex- 
ions,  the  motion  must  be  taken  from  the 
croMs-head.  It  is  indisputably  necessary  to 
use  only  a  short  direct  cord,  free  fropi  elas- 
ticiry»  and  eonneeted  to  a  point,  the  motion 
of  which  }H  reduced  from  that  of  the  cross- 
head  by  positive  means.  (*are  must  be  ta- 
ken alt*o  to  80  proportion  the  parts  employ- 
ed for  thin  purfiose,  that  the  point  at  which 
the  eord  is  connected  shall  have  a  positive 
motion  without  any  fling,  a  matt<?r  not  by 
jiny  means  free  from  difficulty  at  25 li  re%*o- 
lutions  per  minute.  A  rock-shaft,  turtiiog 
in  bushingii,  supported  by  two  atigle  iron 
Btandardi*  precisely  over  the  mid-position  of 
that  point  of  tho  cros*i-hcad  from  which  the 
motion  is  derived,  affords  perhapj^  the  best 
means  of  reducing  the  motion.  A  iong-arm 
is  worked  by  the  cronH-head,  and  a  ehort- 
arin  gives  motion  to  the  cord.  The  short, 
trrn  nju»4t  be  keyed  in  such  a  position  that 
when  the  piston  \n  in  the  middle  of  its  stroke 
it  will  Htand  at  right  angles  with  the  direc* 
lion  af  the  cord,  whatever  that  may  be. — 


The  direction  of  the  cord  ir^- ^  f.-rtu  ^i 
cessary  angle   with  the  ho: 
must  be  at  right  angles  with  i»v  i^- 
On    locomotives   having  inMde  eoiit 
and  a  single  pair  of  driving-wV     • 
it  is  practicable,  it  will  be  fuun 
way  to  take  the  motion  from  a  j 
end  of  the  nhaft,  and  to  coromir 
a  connecting-rod    to  a  point  c<ii 
attaching  the  cord.     The   parf 
all  substantially  made;    tho  n' 
the  connecting-rod  will  be  perf* 
by  the  pin.     On  oscillating  eng; 
tion  may  be  taken   from   the  bia 
end  of  the  piston*rod.      If  the  stroke- 
it  is  sometimes  difficult  to  reduce  tl. 
tion  to  that  rccjuired  for  the  paper,  and 
such  cases  it  is  necessary  to  take  lhcin<  " 
from  an  eccentric   on   the  main  shaft, 
point  as  near   as  possible  to   the  ti 
and  thence  to  communicate  it  to  the  fa 
cator.     In  all  these  conncxtous,  it  is  of 
first  consequence  that  there  l»e  no  [oti 
which  will  require  to  be  made  up  on  e< 
center,    and   will    thus   cause   the  paptf 
stand  still  while  the  piston  is  movinj^. 

Pulleys  of  different  diameters  on  the  nia^ 
spindle  have  been  often  used  as  a  mt^ar 
reducing  the  motion  from  that  of  llf  ^t 
head,  but  we  do  not   recciramend  tl 
high  speeds  it  is  very  difficult  to  nisV 
answer.     The  experience  of  thecar^i 
rat  or  will  teach   him  to  guard  agtm*^    ^j- 
various  causes  of  error  here  mentioned,  ifid 
others  which  will  arise  in  the  gr^-at  •!• 
of  situations  in  which  the  Indicator  , 
and  the  effects  of  which   are  the  iuor« 
cbievous,  becanse  often   the   diagram        _ 
furnishes  no  means  of  detecting  thctn,    TM 
mathcmatiiian  will  perceive  that  prrftrt  %^ 
curacy  of  motion  is  attained  by  only  a  very 
few  of  tho  methods  here  suggei^ted,     M'lil 
of  them  are   only   approximately  aefiirate, 
but  they  are   the  best  which  can   be  T€s^\lj 
employed,   and   the   errors  which   they  til- 
vohe  are  too  slight  to  he   of  practical  mi** 
ment.     For    tho    profe**^iouaI   engineer,  rf 
eouruo,  directions  are  unnoccsdarj. 

ILL 

How    TO  TAKK  A    DIAGRAM. — ToJUtkil 

Paper. — I'ake  the  outer  cylinder  off  froto  thf  | 
instrument,  secure   tho  lower   cdgi?  of 
paper,  near  the   corner,  by  one  upHng.  " 
bend  the  paper  round   the  cylinder,  m 
sort  the  other  corner  between  tho  nf 
The  paper  should  be  long  enough  to  lei  i 
end  project  at  least  half  au  iacb  b6li 
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Ike  springs.  Take  the  two  projecting  ends 
>  vith  the  thumb  and  finger,  and  draw  the 
m»er  down,  taking  care  that  it  lies  quite 
•Mooth  and  tight,  and  that  the  corners  come 
birly  together,  and  replace  the  cylinder. 
The  spring  used  on  this  Indicator  for  hold- 
ing the  paper  will  be  found  preferable  to  the 
kingftd  clamp.  A  little  practice,  with  at- 
teDtion  to  the  above  directions,  will  enable 
uy  one  to  fix  the  pit  per  readily. 

The   marking-pohit   should   be   fine  and 
pMMth,  80  as  to  draw  a  fine  line,  but  not 
at  the  paper.     It  may  be  made  of  a  brass 
vire;  the  best  material  is  gun-metal,  which 
keeps  hharp  for  a  long   time,  and  the  line 
»ide  by  it  is  very  durable.     Lines  dmwn 
bj  German  silver  points  are  liable  to  fade. 
A  Wge-sized  common  pin,  a  little  blunted, 
answers  for  a  marking-point  very  well  in- 
deed ;  a  small  file  and  bit  of  emery  cloth 
wed  occasiionally  will  keep  the  point  in  order. 
To  Co.vxECT  THE  CoRD. — The  Indicator 
having  be«.>n  attached,  and  the  correct  motitm 
ebtmiued  for  the  drum,  and  the  paper  fixed,  ' 
the  next  thing  is  to  see  that  the  cord  is  of; 
tbe  proper  length  to  bring  the  diagram  in 
iu  right  place  on  the  paper — that  is,  mid- 1 
vijT,  between  the  springs  which  hold  the ; 
)iper  on  the  drum.     In  order  to  connect  I 
uA  disconnect   readily,  the  short   cord  on  ' 
the  Indicator  is  furnished  with  a  hook,  and  I 
It  the  end  of  the  cord  coming  from  tho  en-  : 
fine,  a  running  loop  may  be  rove  in  a  thin  j 
itrip  of  metal,  iu  tho  manner  shown  in  the 
following  cut, 


M  that  it  can  be  readily  adjusted  to  the 
prD|i*ir  length,  and  taken  up  from  time  to 
tiuRf,  m«  it  may    become  stretched   by  use.  j 
On  high-speed  engint.'s,  it  is  jvs  well,  instead  , 
of  a>ing  this,  to  adjust  the  cord  and  take  up  I 
the   stretching,  as  it  takes   place,  by  tying ' 
knots  in  the  cord.     If  tho  cord  becomes  wet  j 
anii  shrinks,  the  knots   may  need  to  Ik)  un-  > 
tied,  but  this  rarely  ha]>[>enM.     The  length  | 
of  the  dia<;ram  drawn  at  high-speeds  should  ; 
not  execfHl  four  and  a  half  inches,  to  allow ' 
ehani^fs   in  the  length  4)f  the  cord  to  take 
place  to   some  extent,  without  causing  the 
drum  to  revcdvc  to  the  limit  of  its  motion  in 
cither  direction      On  the   other  hand,  the 
diagram  shoulil  never  bo  drawn  shorter  than 
is  Deces8ary  for  this  puq)Ose. 
To  TAKE  TUE  Di  AUKAM. — Everything  be- 


ing in  readiness,  turn  the  handle  of  the  stop- 
cock to  a  vertical  position,  and  let  the  piston 
of  the  Indicator  play  for  a  few  moments, 
while  the  instrument  become  warmed.  Then 
turn  the  handle  horizontally  to  the  piston  in 
which  the  cummunication  is  opened  between 
j  the  under  side  of  the  piston  and  the  atmos- 
phere, hook  on  the  cord  and  draw  the  atmos- 
phorie  line.  Then  turn  the  handle  back  to 
its  vertical  position  and  take  the  diagram. 
When  the  handle  stands  vertical,  the  com- 
munication with  the  cylinder  is  wide  open, 
and  care  should  be  observed  that  it  does 
stand  in  that  position  whenever  a  diagram  is 
taken,  so  that  this  communication  shall  not 
be  in  the  least  obstructed.  The  instrument 
is  provided  with  a  stop,  to  prevent  the  mark- 
ing point  from  tearing  the  paper.  The  arm 
is  to  be  pressed  firmly  up  to  this  stop.  If 
the  line  drawn  is  faint,  the  point  must  bo 
screwed  up  and  back  if  the  line  is  too  heavy. 
The  elasticity  of  the  parallel  arms  gives  the 
light  pressure  reciuired  on  the  paper.  As 
the  hand  of  the  oi)erator  cannot  follow  the 
motions  of  an  oscillating  cylinder,  it  is  ne- 
cessary that  the  point  be  held  in  contact 
with  the  paper  by  a  light  spring,  and  instru- 
mcf^its  to  be  used  on  engines  of  this  class  are 
furnished  with  an  attachment  for  this  pur- 
pose. Diagrams  should  not  be  taken  from 
an  engine  until  some  time  after  starting,  so 
that  the  water  c(mdensed  in  warming  the 
cylinder,  &c.,  shall  have  passed  away.  Water 
in  the  cylinder  in  excess  always  distorts  the 
diagram,  and  sometimes  into  very  singular 
forms.  The  drip-cocks  should  be  shut  when 
diagrams  are  being  taken.  As  soon  as  the 
diagram  is  taken,  unhook  the  cord  ;  the  paper 
cylinder  should  not  be  kept  in  motion  un- 
necessarily, it  only  wears  out  the  spring,  es- 
pecially at  high  velocities.  Then  remove 
tho  pa[>er,  and  minute  on  tho  back  of  it  at 
once  as  many  of  the  following  particulars  as 
you  have  the  means  of  ascertaining,  vis  : 

The  date  of  taking  the  diagram  and  scale 
of  the  Indicator. 

The  engine  from  which  the  diagram  is 
taken,  which  end,  and  which  engine,  if  ono 
of  a  pair. 

The  length  of  the  stroke,  tho  diameter  of 
tho  cylinder,  and  the  number  of  doublo 
strokes  per  minute. 

The  sixe  of  the  j)orts,  tho  kind  of  valve 
employed,  the  lap  and  lead  of  the  valve,  and 
the  exhaust  load. 

Tho  amount  which  the  waste-room,  in 
clearance  and  thoroughfares,  adda  to  tho 
length  of  tho  cylindor. 
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The  pressure  of  steam  in  the  boiler,  the  \  at  the  same  time  revolving  the  btem  betweet 
diameter  and  length  of  the  pipe,  the  size  and  :  the  thumb  and  finger.  The  surfaces  will 
position  of  the  throttle  (if  any),  and  the  quickly  wear  each  other  smooth :  no  pind- 
point  of  cut-off.  i  ing  or  polishing  material  should  be  u>ci,  loft 

On  a  locomotive,  the  diameter  of  the  driv-  the  piston  should  be  taken  out  oneo  ortviet 
ing  wheels,  and  the  size  of  the  blast  orifice,  during  the  operation,  and  the  surfaces cleu- 
the  weight  of  the  train,  aud  the  gradient,  or ;  ed.  The  piston,  if  dry,  ought  to  drop  p»- 
curve.  I  fcctly  free  from  every  position.     Before  re 

On  a  condensing-engine,  the  vacuum  by  j  placing,  lift  t!ic  levers  and  let  them  fall,  it 
the  guage,  the  kind  of  condenser  employed,  I  see  if  their  action  also  is  entirely  free.— 
the  quantity  of  water  used  for  (me  stroke  of :  Then  replace  everything,  taking  care  to 
the  engine,  its  temperature,  and  that  of  the  |  screw  the  heads  of  the  spring  firmly  up  to 
discharge,  the  size  of  the  uir-pump  and  \  the  piston  and  cover.  'J  he  paper  cylinder 
length  of  its  stroke,  whether  single  or  dtmble-  >  requires  to  be  lubricated  occasionally  withi 


acting,  and,  if  driven  independently  of  the 
engine,  the  number  of  its  strokes  per  minute, 
and  the  height  of  the  barometer. 

The  description  of  boiler  used,  the  tem- 
perature of  feed-water,  the  consumption  of 
fuel  and  of  watcir  per  hour,  auii  whether  the 
boilers,  pipes  and  (engine  are  protected  from 
loss  of  heat  by  radiation,  aud  if  so  to  what 
extent. 

In  addition  to  these,  there  are  often  spe- 
cial circumstances  which  should  be  noted. 

IV. 

How  TO  Keep  the  I^nrcATOR  in  Or- 
der.— The  Indicator  will  not  continue  to 
work  well,  unless  it  is  kept  in  good  order. 
"When  used,  it    generally    becomes  full  of  j  head  from  which  the  barrel  projects  to  rt<)p 


drop  or  two  of  pure  oil  applied  at  the  cod  of 
the  arbor,  al<o  the  leading  pulleys  and  tho 
joints  of  the  pencil  movement. 


IIow  TO  Change  the  Sprinos.— Ui- 
screw  the  coupling  from  the  end  of  the  pii- 
ton-stem,  the  cover  from  the  cylinJtT-cart, 
and  the  spring  from  the  piston  and  cover; 
introduce  the  new  spring,  and  acrew  all  op 
firmly  agiiin. 

The  length  of  the  spring<i  for  the  differ 
ent  scales  arc  so  proportioned  to  each  other, 
that  the  pencil  will  always  come  to  the  pro- 
per position  for  drawing  the  atmospherie 
line.     In  putting  in  the  spring  No.  1,  tho 


water,  which  will  rust  ami  thus  weaken  the 
spring,  and  the  steam  often  contains  impu- 
rities and  grit,  a  portion  of  which  is  lodged 
in  it.  After  tho  Indicator  has  been  used, 
ami  before  putting  it  up,  unscrew  the  cover 
of  the  cylinder  case,  and  draw  off  the  upper 
ferule,  with  tho  pencil  movement  and  the 
piston  and  spring  attached,  empty  the  water 
from  the  cylinder  case,  carefully  clean  aud 
dry  all  the  parts,  and  replace  them,  lubri- 
cating the  cylinder  with  a  few  drops  of  oil 
which  is  entir<dy  free  from  gum.  Tho  cy- 
linder is  not  to  be  removed  from  the  case 
under  any  circumstances ;  the  operation 
above  directed  gives  complete  access  to  it. 

Sometimes  the  surfaces  of  the  j>istun  and 
cylinder  become  scratched  or  roughened  by 
impurities  in  the  st^am,  a  fact  which  will 
be  detected  at  onoo  in  the  diagram  by  the 
unsteadiness  of  the  line.  If  this  shows  the 
existence  of  any  obstruction  to  the  perfectly 
free  action  of  the  Indicator,  take  the  in^tru- 
ment  apart,  as  for  cleaning,  and  remove  tho 
spring,  then  replace  the  piston  in  tho  eylin 


the  compression*  of  the  spring  sliould  ho 
screwed  to  the  cover  and  not  to  the  pi.<iton. 
He  careful  that  tho  heads  are  screwed  up 
firmly  to  the  piston  and  cover. 

The  spring  which   gives  reaction  to  the 
paper  cylin<ler  is  liable  to  break  after  coo- 
sidorable  use,  especially  on  cngine>  running 
at  hiKh-speeds,  for  which  reason  this  ovlin- 
der  should  never  be  left  to  run  nnneco#>aTi- 
ly.     When    breakage  ocours  a  new  spring 
can   be  readily  substituted,  as  follows :  ut 
tho  Indicator  on  the  engine,  if  there  i<  no 
other  convenient  means  for  holding  it  firmly, 
and  remove  tho  cover  of  the  spring  case  and 
tho    broken    spring.     Then    hook  the  new 
spring  on  to  tho  hook  projecting  from  tho 
ferule  on  tho  arbor,  coil  it   into   the  case, 
and  hook  the  end  on  the  rim  ;  see  that  it  is 
coiled  in  the  same  directiim  with  the  cord.  If 
tho  string  has  not  sufficient  strength  to  keep 
the  cord  quite  tight,  another  O'lil  must  be 
given  to  it,  but  it  should  not  be  c<jile  1  any 
tighter  than  is  necessary  for  this  purpose. 

Prices   op   Springs   and   Metallic 


der  after  cleaning  and  lubricating  them  ; ;  Papeu. — Tho  springs  and  metallic  paper 
0Crew  on  the  cover  to  guide  the  stem,  and  I  may  bo  procured  from  any  parties  who  sell 
rab  the  pistou  up  aud  down  iu  the  cylinder, '  those  Indicators.     Tho  springs  will  bo  sent 
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J  poat  to  mny  aiJdrcsa,  on  reoeipt  of 
ice   in  stftoips. 

|irifi^,irit1ilMXW0^  icibfi  B««t)*  0  10  ^ 

j'lindcr  ppriogd  , .......,,*   0  1  S 

f  mvULllie  pftp«f»  0Ut  Into  Z^Q  dU- 

«hc«t4..... 0  4  0 

catorB  for  special  parposcs,  or  eon* 
^  specul  modifieatbiiSf  wUl  be  made 
licatioD. 


CESTRIFPGAL  FORCE  OFBELTa 

f*  Mft«qixora  R&nkino,  CE.j  LL.D.,  F^R.S. 

From  "The  Bagiae«r." 
■ECT    OP    THIS  CoiIM0»ICATION.— It 

known,  through  practical  experience, 
.  belt  for  eommnnicating  molioa  bc- 
two  puUejs  requires  a  greater  tension 
rent  it  from  glipping  when  it  tuqb  at 
than  at  a  low  speeds  Yarious  sup- 
tns  hare  been  made  to  account  for 
ADcli  as  that  of  the  adhesion  to  the 
F  a  lajer  of  air,  which  at  a  very  high 
l&fl  not  time  to  eseape  from  between 
dl  and  the  pullej.  But  the  real  cause 
ply  the  ccntrifupil  force  of  the  belt, 
«ct^  againit  its  tension,  and  therefore 
itm  its  grip  of  the  pulleja.  I  have  not 
■to  seen  or  heard  of  any  investigation 
lawii  of  the  action  of  centrifugal  force 
Its  and  other  flexible  eonneeiing  btkudii 
ehini^ry;  and  therefore,  although  it  h 
%  that  the  subject  h&3  up  to  this  time 
J  Ciicaped  the  notice  of  mathematicians, 
sears  to  me  that  it  may  bo  useful  to 
ih  an  account  of  the  general  nature  of 
in  investigation  and  a  statement  of  the 
eal  ruled  to  which  it  leada.* 
■  brevity  *s  sake,  the  word  "  band  *'  will 
hi  throughout  tbii  paper  to  denc»te  any 
\m  coDuecting  piece  by  means  of  which 
D  m  eommunteated  between  pulleys, 
ler  a  belt,  a  cord  or  a  chain. 
sfTEirraAL  Tension  of  an  Endless 
I, — The  general  principle  of  the  ten- 
rod  need  in  an  endless  band  by  centrifu- 
ret  It*  closely  analagous  to  that  which 
the  foundation  of  the  ^'  hypotbeiiis  of 
nlar  vortices/'  a  hypothec  proposed 
49t  fts  a  means  of  deducing  the  dy« 


I  d«n«iiitr&t«d  In  ^'Tbamnoa  k  Tall^i   Ela- 
7  DjQBEfiUi »'  (Oiford,   ISfiS) ;    but  tt  U  not 
I  to  qa«itloDJ  of  pfftctiijul  fflflchaniot,  wbicb 
■Ifn  to  tb«  nbjeel  of  tb^t  traAClMe, 
I  •' Trmntafltlooi  of  ibi  HajU  5<hii«tjof  fidiii- 

■■Tor.  XX,  ia&e-igai. 
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namical  theory  of  heat  from  the  general  laws 
of  dynamics,  vha  that  a  vortex  or  endless 
circulating  stream  produces  an  outward  pres* 
sure  against  the  inside  of  any  vessel  within 
which  it  may  be  contained,  of  an  ariioant 
proportional  to  the  weight  of  matter  con* 
tained  in  an  unit  of  length  of  that  stream, 
and  to  the  square  of  its  velocity,  and  inde- 
pendent of  the  figure  of  the  stream ;  for  it 
can  be  proved,  from  the  alemcntary  laws  of 
dynanpios,  that  if  an  endless  band  of  any 
figure  whatsoever  runs  at  a  giv'en  speed,  the 
centrifugal  fore  is  produces  au  uniform  ten- 
sion at  each  cross-section  of  the  band  equal 
to  the  weight  of  a  piece  of  the  band,  whose 
length  is  twice  the  height  from  which  a 
heavy  body  must  fall  in  order  to  aequire  the 
velocity  of  the  band* 

In  symbols,  let  w  be  the  weight  of  an 
unit  of  length  of  the  band ;  t?  the  speed  at 
which  it  runs,  and  g  the  velocity  produced 
by  gravity  in  a  second  (=32*2  ft.  or  9-81 
meters);  then  the  centfifitgal  tension  (as  it 
may  be  called)  has  the  following  value  : 

^ (i) 

There  are  different  ways  of  demonstrating 
that  propoaition,  the  simplest  being  as  fol- 
lows :  Consider  any  pair  of  cross  sections  of 
the  band  at  which  the  motions  of  the  parti- 
cles are  parallel  and  contrary.  Call  those 
cross  sections  ^4  and  B,  The  weight  of 
band  which  passes  any  given  cross  section 
in  a  second  is  w  t;  the  particles  at  A  are 
moving  with  the  velocity  +  r,  and  the  par- 
ticles at  B  with  the  equal  and  contrary  ve- 
locity —  v;  hence,  in  each  second,  a  mas^s 
of  matter  of  the  weight  k?  u  undergoes  a 
change  of  velocity  amounting  to  2  f  ;  and, 
according  to  the  second  law  of  motion,  the 
force  in  units  of  weight  required  to  produce 

that  change  is  EiJll^^^liLEl.     One 

^  g  S 

half  of  that  force  is  supplied  by  the  tension 
at  A,  and  the  other  half  by  the  tension  at 
B;  therefore  the  tension  at  each  of  those 

points  is  -   -;  and  the  same  demonstratioti 

$  ^ 
may  be  applied  to  every  pair  of  points  in 
the  band  at  which  the  motions  are  contrary. 
Kffect  on  tue  Band  when  in  Mo- 
tion.— The  effect  on  the  band  when  in  mo- 
tion is,  that  at  any  fdven  point  the  tension 
whieh  produces  pressure  and  friction  on  the 
pulleys,  or  atailabh  Umion^  as  it  may  be 
called,  is  less  than  the  total  tension  by  an 
amount  equal  to  the  eentrifugal  teniiioQ  ;  for 
this  amount  Ib  employed  In  compelling  the: 
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partifles  of  the  baiid  ta  oirciiliite  in  a  clcned  I 
or  ondkas  path.  It  is,  of  course,  to  the ) 
total  lenhion  tlmt  the  strength  of  the  baud 
is  to  be  adapted ;  therefore  the  traBsvcrtie 
dtmcnsionH  of  a  band  for  transmitting  a 
given  force  nmst  be  greater  for  a  high  than 
for  a  b>w  npeed, 

KiTLE  FOR  Weight  of  Band. — One  of 
the  most  convenient  wajs  of  expressing  the 
size  of  a  hand  is  by  stating  its  weight  per 
unit  of  length — -fc^r  example,  in  pounds  per 
running  foot»  or  in  kilogrammes  per  meter. 
When  the  size  in  expressed  thun,  the  cor- 
responding way  of  expressing  the  intensity 
of  any  stress  on  the  band  is  in  lineal  units 
of  itself,  such  as  feet  or  meters.  Let  b  de- 
note the  greatest  safe-working  teni^ion  on  a 
hand  of  a  given  kind,  in  mitts  of  its  own 
length  ;  Wy  as  before,  the  weight  of  an  unit 
of  length  ;  so  that  m  I  is  the  amount  of  the 
safe-working  tension  in  units  of  weight. 
Lot  T  he  the  amount  of  the  availuble  ten- 
sion required  at  the  driving  side  of  the  band 
for  the  transmission  of  power,  heing  usually 
from  two  to  two  and  a  half  times  the  force 
to  be  transmitted.    Then  the  total  tension  is 


r  + 


—  «J  I 


(2) 


whence  H  h  obvious  that  the  required  weight 
per  unit  of  length  is  given  by  the  following 
formula — 

«^=-^s (3) 

g 
For  example,  suppose  that  the  band  is  a 
wire  rope — that  the  greatest   working  ten- 
sion is  to  he  equivalent  to  the  weight  of 
2,900  ft.  of  the  rope»  and  that  it  is  to  run  at 
100  ft.  per  second,  tben  we  have 
I  ^  2900  ft. ;  J 
JHI  =  aiO  ft, ; 

and  consequently  the  weight  per  running 
foot  of  the  rope  required  is 

T  T 


'2900  —  310 


25y0 ' 


or  about  one-eighth  part  heavier  than  the 
rope  required  for  a  speed  so  moderate  as  to 
make  the  centrifugal  tension  nnimpcrtant. 

In  fixing  the  value  of  the  greatest  work- 
ing tension  on  a  wire  rope,  a  proper  deduc- 
tion roust  of  eourse  be  made  for  the  stress 
produced  by  the  bending  of  the  wires  round 
the  pulleys.     That  stress  is  given  vi  eqitiva^ 

lent  hngth  of  ropt  by  the   expression  —  *y- 

wkere  D  b  the  diameter  of  the  smallest  pul* 


1=1  — 


^^%A 


ley  round  which  the  i 

meter  of  the  wire  of  w 

and  L  the  modulus  of  ebi- 

in  length  of  itself — viz.,  a 

or  2,4U0,0U0   meters.     That  lh  lu  *aj^, 

he    the    length    of  rope    equiva!: nt   in 

greatest  safe-working  tension 

rope  ;  /,  as  before,  the  length  »  ^ 

the  actual  greatest  working  tcnsittn,  ibi 

In   the  case  of  leathern   belts  h 
estimated  at  about  <iCU  ft.  or  *JUh  lu 

In   the  ease  of  a  leather  belt  mniii 
the  rate  of  lOO  ft.  per  second,  th.    -. 
per  unit  of  length  required  in  > 
a  given  available  tension  is  ini:  .,    . 
-       660  two        ^  J 

bio,  as  compared  with  that  of  %  boh  wliQii 
centrifugal  force  is  unimportant. 

The  sectional  area  of  a  Uaihem  Mi 
be  Calculated  approximately  iu  square  i 
by  multiplying  the  weight  j»«^r  nmnifif 
by  2.3,  or  in  square  uiillp  v 

plying   the  weight   in   ki!    _  -  ta 

running  meter  by  1,UULL 

The  ordinary  thickness  of  a  siftfle 
being  about  U,U5  in,,  or  four  niilllm 
the  breadth  may  he  deduced  from  il 
tional  area  by  dividing  by  that  thi« 

The  length  (L)  equivalent  to  tht  ::. 
of  elasticity  of  a  leathern  belt,  as 
from  Bevan's  experiments,  is  about  ^jl 
ft-,  nr  7,UO0  meters. 

TiLNsioN  OF  A  Band  wnr     ^ 
— It  is  sometimes  requisite  to 
tension  whitdi  ought  to  be  put 
sides  of  a  band  when  at  rest, 
when  in  motion,  given  tension^    i 
crted   at  the  driving  and   retur   n 
The  ordinary  rule  is  to  make  that 
the  arithmetical  mean  between  the  ml 
available  ttmstorts  at  the  driving  and  w 
ing  sides  of  the  band  j  and  wh*  n  tl 
is  sueh  that  the  effect  of  centt 
unimportant,  that  rule  is  seujiii..^ * 

It  is  sensibly  correct  also  when  the  b»tt4 
connects  two  pulleys  tlmt  stand  a  lout,'  vif 
apart;  for  example,  in  Hirti's  sv****^"*  ^ 
'*Telodynamic  Transimission,*'  wlierv  tb« 
spans  between  the  pulleys,  thiit  art*  ciina^l^ 
ed  by  means  of  an  endle*^  w  at 

some  times  150  meters,  or  nbt*.. 

On  the  other  hand,  when  the  pulivv»  poD" 

i      *  Rett  Kouleaux,  CoA»lnicl«Mi*f«Jb^  fitf  Mudd^* 
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Bected  by  means  of  a  fast-running  band  are 
•oaparativelj  near  together,  the  tension 
which  should  be  put  upon  each  si8e  of  the 
bft&d  when  at  rest  is  nearly  equal  to  the 
arithmetical  mean  between  the  total  tensunis 
of  the  two  sides  of  the  band  when  in  mo- 
tion ;  that  is,  the  centrifugal  tension  has  to 
be  added  to  the  tension  given  by  the  pre- 
ceding rule. 

In  intermediate  cases  the  tension,  when 
It  rest,  has  values  intermediate  between 
those  given  by  the  two  preceding  rules ;  and 
when  the  band  connects  two  pulleys,  whose 
ixet  are  at  or  near  the  same  level,  it  is  ex- 
freseed  by  the  following  formula,  the  result 
«f  tf  mathematical  investigation,  of  which  it 
it  unnecessary  to  give  the  details  here.  Let 
Ij  is  before,  denote  the  length  of  band 
whose  weight  is  equivalent  to  the  total  ten- 
lioa  at  the  driving  side  when  in  motion  ;  I' 
the  corresponding  length  for  the  returning 
tide;  L  the  length  equivalent  to  the  modu- 
lus of  elasticity ;  c  the  half  span,  or  half 
iitttnce  between  the  pulleys  ;  l^  the  length 
of  band  whose  weight  is  equivalent  to  the 
tension  required  when  at  rest.  Then,  to  a 
^gree  of  approximation  sutlicient  for  prac- 
tiee,  we  have 

(5) 

/    (+£'_  ^'  ^  J     1    _j_    1      ) 

•"'2  g    2    (3"/*qK£c""T"3 /'>+/.  cM 

The  two  extreme  cases,  to  which  the  two 
rales  already  given  apply,  are  expressed  as 

follows :    When  -o^,r  ^  *  ^^U  largo  num- 
ber, we  have  /„  nearly  =  -^t ^,  being 

2  g  " 

the  mean  between  the  available  tensions  of 

T   -1 

the  two  sides  ;  and  when  -^-     b    a    very 

mall  fraction,  we  have  .  I 

h  nearly  =  — ^-  ; 

beiDf^  the  mean  between  the  total  tensions 
of  the  two  flides  of  the  band. 
For  example,  let  the  band  be  a  wire  rope; 

let  r=  100  ft.  per  second;  so  that  ^   =  300 

It.     Let   the  total  and  available    tensions, 
when  in  motion,  be  as  follows  : 

Driving  side,         =  2,900;  Z  -  -*-  =  2,590 

Returning  side,  /'  =  1,605;  V  -  -^--  =  1,295 
Means, 

W:  =  2,252.5 ;  ^-±L  -  .^1  =  1,942.5 

A  ^  g 


Let  L  =  8,000,000  ft.  of  rope,  and  let  the 
pulleys  be  200  ft.  apart,  so  that  the  half 
span  c  =  100  ft. ;  then  the  required  tension 
at  rest  is  found  to  be  equivalent  to  the 
weight  of  the  following  length  of  rope : 

2,252J  —  215  =  2,037i  ft. ; 
being  intermediate  between  the  mean  of  the 
total  tensions  and  the  mean  of  the  available 
tensions,  and  somewhat  nearer  to  the  latter 
than  to  the  former. 

In  order  to  show,  in  a  general  way,  how 
the  results  expressed  by  jthe  formulas  and 
the  rules  are  arrived  at,  it  may  be  stated 
:  that   the   variations   of  the    total   tension, 
I  when  the  speed  of  the  band  alters,  depend 
I  upon  alterations  in  its  length.     When  the 
pulleys  are  very  near  each  other,  the  two 
,  sides  of  the  band  are  sensibly  straight,  and 
j  its  alterations  of  length  are  insensible,  so 
i  that  the  total  tensions  at  rest  and  in  motion 
are  sensibly  equal,  and  the  centrifugal  tcn- 
'  sion  takes  effect  almost  wholly  in  diminish- 
I  ing  the  available  tension.     When,  on  the 
other  hand,  the  pulleys  are  far  apart,  the 
,  two  sides  of  the  band  hang  in  the  form  of 
j  curves ;  the  band  is  free  to  alter  its  length 
.  to  a  certain  extent ;  and  part  of  the  centri- 
jfugal  tension  takes  effect  in  lengthening  the 
j  band  and  increasing  the  total  tension,   in- 
j  stead  of  in  diminishing  the  available  tension; 
;  and  hence  the  mean  total  tension  is  some- 
I  what  greater  than  the  tension  when  at  rest, 
and   the  available  tension  is  not  so  much 
I  diminished  as   in  a  shorter  band.     If  the 
.span  between  the  pulleys  is  wide  enough, 
I  nearly  the  whole  of  the  centrifugal  ten  ion 
takes  effect  in  lengthening  the  band  and  in- 
creasing the  total  tension ;  and  the  mean 
available  tension  remains  sensibly  undimin- 
ished. 

I      This  accounts  for  a  fact,  well  known  to 

'practical  men,  that  in  transmitting  a  given 

■  power  between  a  given  pair  of  pulleys,  a 

long  belt  is  less  liable  to  slip  than  a  short 

belt. 

!  

COAL  PROM  Sea-weed. — Some  time  ago 
the  practice  was  introduced  of  convert- 
,  ing  marine  algao  by  calcination  into  an  ex- 
cellent coal  superior  to  ordinary  wood  cbar- 
I  coal  for  filtering  water,  disinfecting  sinks, 
polishing  glass   and   correcting  the  acidity 
I  and  decolorizing  wines, — also  for  precipita- 
;  ting  and  decolorizing  vegetable  alkaloids. — 
'  Until  recently  no  value  was  attributed  to 
,  the  marine  algso — to-day  it  is  an  important 
article  of  commerce  in  several  islands. — Afi- 
j  nales  du  Genie  Civil. 
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EXPLOSIVE  COMPOrNDS  FOR  PROJEC- 
TILES. 

From  ''T1i«  Sleohanki^  Mftgnxine.'* 

Gunpowtler»  whitih  has  been  in  use  for  80 
many  years,  may  now  be  considered  as  per 


minute  cubes  of  hn^rd  wood,  tre&t«d  m  ai 
nerau&loirous  to  guu-cotton,  ttnd  dubju-i^u 
ly  impregnated  with  other  suhstanocji ;  A  i 
used  in  a  pure  state,  and  require*  eomp 
ing  with  coDsidembie  force,  m  ordt^r  I 
tain  the    best  results.     It  can    he 


feut  as*  it  can  be  made,  as  regards  projectile  !  rifles,  and  this  is  a  proof  of  a  certaiu  \ 


force  ami  uniformity  of  combust iou.  Recent 
attempts  have  been  made  to  employ  it  in  a 
more  condensed  form,  by  compressing  the 
charges,  but  these  have  failed  to  a  great  ex- 
tent. Of  late  year3,  several  new  explosive 
compounds  have  been  manufactured  as  sub- 
Btitutea  for  gunpowder,  and  they  have,  for 
the  most  part,  been  described  in  our  col- 
umns. It  is  claimed  for  them,  generally, 
that  they  possess  greater  cleanliness,  almost 
total  absence  of  siuoke,  less  sensible  recoil 
for  a  given  velocity  of  projectile,  and  reduc- 
tion of  danger  in  manufacture,  as  being  less 
violently  explosive  in  an  uncoufincd  state. — 
These  may  be  considered  as  the  general 
claims  to  superiority  of  the  new  explosivpss. 
Being  principally  composed  of  vegetable 
fibers  nitrogenized,  they  might  aptly  be 
termed  explosive  fibers.  Those  now  in  use 
are  known  as  gun-cotton,  wood-powder,  and 
gun-felt»     As  a  few  years'  experience  only 


of  uniformity,  though  it  occupies 
volume  than  gunpowder  to  give  ao 
initial  velocity  to  the  bullet.  1\<  »vri*' 
felt — another  comparatively  r 
— is  composed  of  vegetable  fil  .  ,  ,.  i 
also  treated  analogously  to  gun-cotto»»  i 
subsequently  impregnated  with  other 
rials.  This  compound  is  al»o  used  in  a  pun 
state,  and  can  be  fired  in  rifles.  Thi«  tni* 
terial  was  invented  and  is  now  beitic  masat^ 
factured  by  Messrs.  Reeves  &  Co,,  of  Gli 
tonbury.  It  has  been  found  to  answer  e»_ 
ceedingly  well,  both  in  sporting  gum  aadia 
rifles,  but,  pending  some  practical  iriiU 
which  are  to  be  made  with  this  material  iai 
short  time,  we  defer  a  further  rcfcwua* 
either  to  its  com  positron  or  it^^  special  pf^ 
forroancea.  These  two  last  mentioned ^ 
pounds  are  made  of  several  different  strd 
and  the  weight  of  charges  u»cd  rolativ 
gunpowder  is,  of  wood-powder, 


As  a  few  years'  experience 
HI  the  production  of  these  compounds  can  '  half,  and  gun  felt  one-third,  t.  e»,  one  w 
he  placed  against  as  many  centuries    in  the,  times  and  the  oilier  double  as  strong  a*  oHi' 
production  of  gunpowder,  it  is  reasonable  to  ,  nary  powder.     The^^e  new  explosives  igail 
expect  further  progress  and  improvement  in   at  a  much  lower  temperature  than  powd*t( 
these    new    substances.      When  gun-cotton   but  being  composed  of  leas  solid  mittff/tV 
was  fir.'>t  discovered,  its  obvious  advantages  i  combustion  generates  less  heat,  and  a^maii; 


rounds  can  be  fired  in  a  gun  or  rifle  witfa  i 
much  safety  as  with  gunpowder.     The 
ing  is  also  considerably  lessened  ;  tht 
tion,  although  quick,   does   not  impart 
same  sensible  recoil.     The  more  solid  fon 
of  fiber,  such  as  wood  •powder,  give  mori!  r^ 


induced  several  governments  to  adopt  it  in 
the  place  of  gunpowder.  The  nature  of  this 
8uk>4tancc,  however,  not  being  thoroughly 
understood,  many  serious  accidents  resulted 
from  its  use*  The  too  rapid  combust  ion  in- 
jured arms  in  which  it  was  employed,  and 

it  was  further  found  to  lack  uniformity  in  |  coil  than  j^^un-felt,  from  which  it  may  he 
firing;  in  fact^  for  the  most  part,  gun-cot-  ferred  that  the  elasticity  of  a  compound 
ton  was  abandoned  in    disgust.     Recently,  la  certain  extent  checks  in  itself  the  sudi 
however,  many  ingenious  methods  have  been  .shock  of  ignition, 
adopted  to  retard  this  great  rapidity  of  com-       The  reduction  of  recoil  in  military 
bustion,  and  although  gun-cotton  can  he  and  'pons  is  of  some  importance,  as  it  limits  Uw 
is  used  in  shot-guns  with  comparative  safety,  I  weight  and  velocity  of  the  bullet.     Action 
ill  it  has  not  yet  been  produced  with  suffi-  i  and  reaction  on  the  bullet  and  breech  I 
nt  uniformity  or  slowness  of  combustion   may  be  the  same,   but  when  the 


t  accurately  in  rifles.  Until  this  be 
it  cannot  be  considered  as  a  perfect 
8uhstitute  for  ordinary  gunpowder.  Gun- 
oottou,  however,  can  now  he  produced  in 
such  a  condition  that  it  may  bo  stored  with 

Safety  and  without  fear  of  deterioration ;  and  ;  velocity  imparted  to  the  bullet,  than  a  tJfl 
thus  prepared,  it  is  largely  used  for  mining  burning  one-     No  doubt,  the  great 
and  ♦>n*finecri«g  purposes.  |  of  the  motive  power  exertod  by  pxphisifeil 

8chultKc's   wood-powder  is   composed  of  [  instantaneous  in  it^  action,  and  ought  noi  10 


generated  in  a  gradual  manner,  the  aeit^l 
recoil  must  necessarily  be  reductHl.     Kl 
with  gunpowder  this  can  be  proved  by  *i 
ritnent,  as  quick  buniing  powder  will 
much  greater  recoil,  with  the  satne   init 


Hb 


^m 
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ated  before  it  is  reqaired  to  act  on 
etilo.  A  gas,  doubtless,  is  elastic 
I  to  its  density,  and,  if  permanent 
»8pect  (such  as  steam  or  compress- 
yould  not  be  generated  too  quickly 
relocitj  to  a  projectile.  But  with 
sives,  the  reverse  has  been  shown 
limbic,  u  e.,  provided  a  given  charge 
ume  in  a  barrel  before  a  bullet  quits 
Ip  of  the  arm.  The  slower  the  com- 
bhe  greater  the  velocity  communi- 
the  bullet,  the  friction  in  the  barrel 
2atly  reducad.  Last  year,  a  public 
c  place  with  a  view  of  testing  the 
losive  substances.  Some  very  fair 
was  made  with  wood-powder  and 
at  100  yards'  range  in  rifles,  the 
ualHng  gunpowder  in  accuracy,  and 
3r  within  30  per  cent  of  it.  If  there 
my  competition  this  year,  it  is  to  be 
at  it  will  be  at  long  ranges,  that 
e  true  test  with  rifles,  reference  be- 
3  to  the  angle  of  elevation  and  abso- 
iation.  As  already  intimated,  some 
K>mparative  experiments  are  to  be 
ith  Schultze*s  wood-powder  and 
gun-felt,  to  which  we  look  forward 
irest,  and  the  results  of  which  we 
oe  before  our  readers. 


ATIXG  AND  LEVEL  RAILWAYS. 

riVE     EXPEXSES    OF    TRACTION. 
From  '<  Engineering.^' 

»blcm  often  and  long  discussed  by 
engineers  abroad  is  that  known  as 
nation  of  gradients  ;*'  or,  in  other 
rhat  additional  length  of  line,  taken 
is  represented  by  given  gradients  of 
length  and  inclination  ?  Two  lines 
I,  loo  miles  in  length.  One  is,  we 
pose,  a  dead  level ;  the  other  hns 
nd  falling  gradients,  ascending  and 
ng  at  rates  varying  from  1  in  1,000 
>0.  How  much  longer,  not  in  actual 
,  but  in  respeet  of  working  expenses, 
ttcr  than  the  furiner  i  We  are  in 
t  of  lumping  all  railway  expenses  at 
I  "  iK*r  train  mile,"  the  train  being 
issenger  or  goods,  and  containing,  in 
ler  case,  anywhere  from  15  to  1,000 
?rs,  and  in  the  latter,  anywhere  from 
K)  tons  of  goods.  Kut  we  are  to  sup- 
same  trains  over  both  the  lines  just 
.  Let  the  undulating  line  start  with 
»f  level,  then  five  miles  up  of  1  in 
ben  four  miles  up  1  in  100,  then  two 


miles  more  up  1  in  80,  to  a  summit  369.6  ft. 
above  the  starting  point.  Let  it  then  run 
eight  miles  on  a  level ;  then  descend  at  the 
rate  of  1  in  200  forfive  miles,  falling  132  ft.; 
then  five  miles  of  level ;  then  ten  miles  up  1 
in  204,  i,  e.,  rising  200  ft. ;  then  five  miles 
up  1  in  182,  rising  200  ft.  more  to  a  point 
687.6  ft.  above  the  base.  Let  it  then  have 
five  miles  more  of  1  in  60,  or  an  additional 
rise  of  440  ft.,  giving  a  summit,  midway  be- 
tween the  termini,  1,077.6  ft.  above  the 
starting  point.  Let  the  line  then  descend 
at  the  rate  of  1  in  200  for  five  miles,  falling 
132  ft.,  then  rise  for  ten  miles  at  the  rate  of 
1  in  400,  thus  rising  again  to  the  summit  of 
1,077.6  ft.  Let  it  then  descend  for  twenty 
miles  at  the  rate  of  1  in  132,  thus  falling 
800  ft.  Let  the  line  fall  thence  for  ten  miles 
at  the  rate  of  1  in  264,  the  fall  being  200 
j  ft.,  and  let  the  remaining  fall  of  77.6  ft.  take 
place  in  the  last  five  miles. 

Those  who  take  any  interest  in  the  subject 
will  sketch  out  the  profile  for  themselves ; 
those  who  do  not  will  turn  to  another  column 
and  read  something  else. 

It  will  be  seen  that  the  line  has  a  maxi- 
mum gradient  of  1  in  60  for  five  miles  in  one 
direction,  and   a  maximum  of  1  in  132  for 
twenty  continuous  miles  in  the  other.     The 
sum   of  the   ascents  from   either  terminus 
would  be  1,341.6  ft.,  while  the  total  rise  and 
I  fall  would  be,  of  course,  twice  as  much,  both 
I  termini  being  at  the  same  level.     Supposing 
.  the  same  trains  to  be  run  over  the  level  and 
I  the  undulating  line,  how  much  longer  is  the 
!  latter  than  the  former — not  in  actual  meas- 
urement  over   its  various   undulations,  for 
I  that  is  easily  calculable,  and  in  any  case  very 
little — but  what  length  of  level   line  could 
I  be  worked   at   the  same  expense  ?     It  will 
■  require  but  little  consideration  to  perceive 
,  that  the  question  involves  many  points  as  to 
!  speed,  number  of  stops,  position  of  stations, 
the  preponderance,  if  any,  either  way,  of  the 
i  trafiic,  &c. 

Suppose,  however,  trains  of  a  total  weight, 
j  including  engine,  of  100  tons,  are  to  be  run 
-  through,  each  way,  stop])ing  only  midway. 
The  speed  on  the  level  line  to  be  40  miles 
'  an  hour,  rcfjuiring  2,^  hours  running  time. 
I  The  resistance,  by  Clark's  formula,  would 
,  be  1,735  lbs.,  corresponding,  at  3,520  ft.  per 
minute,  to  185  horse  power  maintained  for 
'  2  J  hourj*. 

I      On  the   undulating  line  the  train,  apart 

I  from  all  other  resistances,  would  be  lifted 

1,341.6  ft.  in  ascending  the  various  gradients 

I  from  either  end,  and  if  this  ascent  occupied 
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'.  «xtr»  fuel  used,  and  more  than  the  |  from  this  oonstruction  is  the  permanence  of 
agca  incurred.  It  represents,  per-  j  the  iron  parts.  It  is  believed  that  the  steel 
ore  properly,  the  increased  cost  of  I  heads  only  will  require  renewal;  and  this 
ion  and  repairs,  including  repairs  of  only  after  they  have  worn  a  dozen  times  as 
rut  way.  Of  the  latter,  however,  a  I  long  as  iron  heads ;  and  that  the  iron  angle 
lare  is  due  to  climatic  and  local  J  pieces  forming  the  flanges  and  web  of  the 
ind  is  independent  both  of  the  resist-  rail  will  be  practically  indestructible.  There 
trains  and  the  amount  of  traffic.  A I  must,  we  think,  be  some  wear  between  the 
roportion  of  the  general  traffic  ex-  i  parts  thus  subjected  to  abrasion.  Ncverthe- 
s  wholly  independent  of  the  resist-  less  the  economy  to  bo  reasonably  expected 
trains,  so  that,  as  affecting  dividends,  from  compound  steel  and  iron  rails  is  very 
lients  assumed  would  not  probably  |  great,  and  it  is  probable  that  railway  com- 
i  the  net  earnings  derivable  from  a !  panics  will  hasten  to  avail  themselves  of  the 
nc  by  more  than  6  per  cent,  equal  proposed  advantages  as  soon  as  they  are 
to  1  per  oent  on  the  capital  of  the  offered. 

CoiLBD  Tube  Boilers. — It  was  once 
thought  that  the  perfection  of  boiler 
Ashcroft  has  laid  a  quantity  of  construction  had  been  arrived  at  in  boilers 
id  rails  on  the  Charing  Cross  line,  made  on  the  coiled  tubular  system.  This 
p  member  is  a  Bessemer  steel  1~*  ■  principle,  however,  soon  showed  a  radical 
»  bottom  members  are  wrought  iron  |  defect  which  led  to  its  abandonment.  Boilers 
ieccs  J  |_,  bolted  together.  The  i  so  constructed  failed  on  account  of  the  tub- 
i  said  to  answer  well.     Much  atten- !  ing  becoming  red  hot  when  the  engine  was 


»eiug  directed  in  this  country  to  the 
ion  of  a  good  compound  steel  and 
I.  The  old  compound  iron  rail,  with 
head,  failed  chiefly  by  the  mashing 


standing,  and  the  force  pump  was  conse- 
quently not  acting.  This  defect,  however,, 
has  been  practically  overcome  by  Mr.  Thomas 
Mills,  of  England,  in  an  invention  described 

the  iron  into  the  continuous  crack  j  by  the  London  "Mechanics' Magazine.'*  Mr- 
head,  and  the  forcing  apart  of  the  i  Mills  constructs  the  fire-box  of  a  boiler,  of 
mbors.  The  compound  rail,  with  a  i  the  upright  form,  of  a  coil  of  tubing  enclosed 
L*ad  and  a  split  foot,  did  tolerably  j  in  a  case,  the  fire-box  being  contained  within 
jrvice  ;    the    grand    defect    was    the  i  the  coil.     The  bottom  of  the  coil  is  connect- 

of  the  two  members  together  so  ed  by  a  tube  brought  down  outside  the  easing 
that  they  could  not  slip  upon  each  j  from  the  upper  part  of  the  boiler,  at  the 
ben  expanJed  by  heat.  Making  the  |  lower  end  of  which  tube  is  fixed  a  self-acting 
iber  of  steel  and  bolting  the  two  to- !  valve  placed  in  a  horizontal  position,  which 
would  undoubtedly  make  a  durable !  allows  the  water  to  pass  on  into  the  coil, 
'he  general  plan  of  Mr.  Ashcroft  I  The  expansion  of  the  water  caused  by  ita 
however,  appear  to  be  better.  A  coming  in  contact  with  the  heated  tubing 
ition  of  this  plan  is  being  developed  I  closes  the  valve  after  it  has  passed  through 
>f  our  rail  mills.  I  it,  and  thereby  prevents  a  backward  flow  of 

•headed  rails  should  be  cheaper  than  j  water  through   tlkC  outside  tube,  and  forces 

rails,  and  they  should  give  nearly  the  water  and  steam  on  through  the  coil  into 
wivantages  of  steel  as  far  as  wearing  |  the  upper  part  of  the  boiler  again.  After 
rnciJ.     Of  course  they  cannot  be  so   this,  the  valve  again  opens,  in  consequence  of 

»o  siror.g  as  all  steel.  The  use  of  the  downward  force  of  the  water  in  the  out- 
r  even  of  two  members,  overlapping  |  side  tube,  thereby  creating  a  perfect  circu- 
ler,  almost  insures  a;^ainst  disasters  latiou  through  the  coil,  the  discharge  end  of 
oken  rails.  Steel  heads  welded  to  '  the  coil  being  brought  up  inside  through  the 
i8  do  not  po.-^sess  this  advantage,  al- ,  bottom  of  the  upper  part  of  the  boiler  above 
there  is  much  to  be  said  in  their  l  the  water  level.  The  coil  can  also  be  sup. 
The  different  plans  will  be  consid-  plied  with  water  by  means  of  a  pump  worked 
another  time.  The  attention  of  ex- 1  by  the  engine  (the  stroke  of  the  pump  being 
just  now  chiefly  directed  to  the  pro- 1  altered  according  to  the  quantity  of  water 
of  compound  rails  with  steel  heads.  :  required  to  supply  the  boiler),  and  cutting 

immunity  against  accident  from  '  off  the  other  supply  of  water  by  means  of  a 
g,  another  great  advantage  expected  |  cock  fixed  in  the  outside  tube  connecting  the 
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upper  part  of  the  boiler  mih  the  lower  end 
of  the  coil,  thereby  fceiling  the  boiler  with 
water  through  the  coil  without  iu  the  least 
degree  reducing  the  voluuie  of  steam*  This 
method  of  feeding  the  coil  by  the  outside 
lube  and  valve  bringH  the  water  direct  into 
the  hottest  part  of  the  coil,  and  keepb  up  a. 
perfect  and  continuous  cireubition  without  the 
aid  of  the  force  pump.  This  purap  h  va^cd 
to  feed  the  boiler  through  the  coil,  which  is 
a  great  advantage  in  it^elfj  as  the  cold  water 
does  not  come  into  direct  contact  with  ^teaiu 
contained  in  the  upper  part  of  the  boiler, 
which  causes  loss  of  steam  by  condeusation. 
Mr,  Mills  has  made  practical  trials  of  thii* 
improved  system  of  construction,  and  finds 
it  to  realize  the  following  advantages- — econ- 
omy in  every  respect,  rapid  generation  of 
ii^team,  great  strength,  and  almost  entire 
freedouj  from  explosion,  together  with  light- 
ness and  hiiuplicity*  He  states  that  it  raises 
Hteam  from  cold  water  in  less  time  ihan  any 
other  boiler  at  present  in  use.  The  circula- 
tion through  the  coil  being  exci-edingly 
rapid,  no  deposit  is  found  to  remain  in  it. 
The  self-acting  valve  or  clack  is  so  simple 
in  construetiou  that  it  caunot  fail. — American 
Maihvay  Times. 

WOIIKING  HEAVY  GKADIESTS. 

Compiled  frum  a  pn|>or  bofor©  the  iDilitutitjtiftf  Civil 
K})giiit«r8>  (Feb,  2,  IbOV,)  by  Mr.  Juines  K.  Mu^fu, 
M.  1.  C.  K  ,  on  the  •*  Maurititia  Kailwa^— Mid- 
land Line.** 

The  Gbabiknts.— The  eharactor  of  the 
gradients  ou  the  Midland  line  will  be  under- 
Btood  from  the  following  summary :  From 
port  Louis  to  the  summit  there  was  a  rise 
of  1,^17  ft.,  the  distance  being  about  16 
milesf  or  equal  to  an  a%*erage  gradient  of  1 
in  4t>.t58 ;  and  from  the  summit  to  Mahe- 
bourg,  a  distance  of  about  I'J  miles,  there 
•^'Au  a  descent  at  the  rate  of  1  in  55.61. 
For  about  12 J  miles  before  leaching  the 
summit  the  inelinatiou  was  ou  an  average 
of  1  in  41.17.  and  thence  for  about  18.J 
miles  the  line  fell  on  »n  average  1  in4.jJMi. 
The  steepest  gradient  was  1  in  27^  of  which 
there  was  a  total  length  of  13,520  fl.,  the 
greatest  continuous  length  of  this  gradient 
being  0,llJ3  ft.,  and  the  next  longest  5,UltJ 
ft.  The  next  iu  severity  was  1  in  30,  the 
total  length  being  t»,52(»  ft.,  the  greatest 
length  of  ihii^  gradient  being  3,000  ft.,  and 

^«<^Ti}ral  lengths  of  about  2,U0U  ft.  each.  The 
BAcending  gradients  varied  from  1  in  27  to 
1  in  ^l^U  while   the  desc*  uding  gradients  to- 

i  Wards  Mahebourg  varied  from  1  iu  30  to  1 


in    60*     The    curvee    varied    from   *Mm 

radius  to  6,00(1  ft.  rn ' 
of  these  curves  ranged  i 
ft.     The  ordinary  radii  **cr«  gvticr.di^  ta 
2,000  ft.  to  3,000  ft.     The  sharpen 
which  occurred  on  the  Bteepett  gr^dWoU 
1   in    27    and    1    in  30   wa*   l,t;oo  fi 
greatest  continuous  length  of  ti 
ing   900   ft.  on    the   former   gi^.. 
1,930  ft.  on  the  latter.     The  next  i 
severity    was    2,000    ft.    on    the    miUHu 
gradient  of  1  in  27,  the  grej^test  contiai 
length  of  this  curve  being  1,000  fl.   B^ti 
curves  of  this  radius  1,020  ft,  in  ]**nL'tii 
also  found  on  the  maximum  int'l 
in  27.     On  descending  from  tli- 
Mahebourg  the  line   from   the  I 
the  10th  mile  might  be  said  to  1 
wholly  of  reverse   curves,  and   ai  ti 
mile    the    radius    was    only    1,4^0   ti 
length  of  this  curve  being  1,980  ft.,  chirij 
on  a  gradient  of  1  in  30,     Of  curvijji  undtf 
2,000   ft.  radius   there   was   an   aggrt^ 
length  of  21,Ui5  ft ;  of  those  n-  ■-  *  <-- ' 
2,U00  ft  to  4.000    ft.  radius   t 
length   of  49,710  ft,;  and  of  . 
4,000  ft.  to  6,000  ft.  (the   great 
there  was  an  aggregate  length  • 
the  total  length  of  curves  beiii^  . 

and    of   the    straight   portiontt  U  Ui«;  liud 
80,407  ft. 

The    Locomotives. — The  loeotikotiiii 
famished    under   the    original  contnd  fsf 
working  these  inclines  were  seven  in  oumkf 
and  of  the  following  description  :  thtv  lete 
tank  engines,  having  cylinders  16  it 
diameter,  with  a  length  of  stroke  ot  . 
the  wheels,  six   in   number,  were  3  i 
in    diameter,    and    were    all    coupU'i.   v»v 
length  of  the  wheel-base  being  15  ft.     Wh« 
supplied  with  water  and  fuel  these  mgniil 
weighed    marly    37    tons,    aud    they   wtrt 
worked  with  a  pressure  of  steam  of  120  Ibt, 
per  jic|uare  inch.     .Subsequently  six  Urgirr 
saddle-rank  locomotives  were   destigned  l>y 
>lr.  llawkhhaw,  having  the  foUowirs^*  rltmi 
jiions  :  cylinders   l!^  in.  in  diaii 
length  of  &.troke  of  24  in.;  the  v. 
in  number,  were  4  ft.  in  diameter,  aikd 
nli  COM  filed,  the    length  of   the   wli^el 
being   15    ft.  6   in.     When    Bupplird  Willi 
water  and  fuel,  these  eo^iuett  weighed  nearly 
48  tons,  and  they  were  worked  with  a  |»rr»- 
sure  of  Bteam  of   120  lbs.  per  It. 

The  center  [lairs  of  wheels  (one  '  ''i« 

the  driving  pair)  were  fixed  t^iili  an  tic 
frame ;  hut  in  order  to  pass  easily  mttlHl 
the  curves,  both  the  leading  aad  the  irailing 
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had  three-quarter  inch  play  on 
>iirnal,  and  the  joints  of  the  coupling 
onafcting  these  wheels  with  the  driv 


This  apparatus  was  worked  hy  a  chain,  which 
tightened  the  brakes  on  every  one  of  the 
wheels  simultaneously.  The  brakes  were 
ir,  were  fitted  with  a  ball  and  socket,  I  taken  off  by  heavy  counter-balance  weights, 
o  allow  the  requisite  motion.  All  the  resting  longitudinally  over  the  chain  in  the 
s  were  manufactured  by  Messrs.  Sharp,  center  of  the  carriage,  between  the  front  and 
t  &  Co.,  and  worked  very  satisfacto-  end  wheels.  This  apparatus  was  sufficiently 
These  engines  would,  with  passenger  powerful  to  lock  every  wheel,  and  had  work- 
take  five  carriages  and  one  brake-van,   ed  satisfactorily ;  for  during  two  years  there 

had  not  been  a  single  fracture  of  the  chain, 
nor  of  any  of  the  working  parts.  It,  how- 
ever, required  careful  management,  and 
must  be  applied  gradually,  before  the  train 
had  acquired  serious  momentum.  The 
brake-van  of  every  passenger  train  was  now 
provided  with  sand  boxes  leading  to  the 
rails,  as  formerly  the  dew  on  the  rails  wetted 
the  wheels  of  the  brake-van,  and  prevented 
the  friction  rollers  of  the  apparatus  from 
revolving;  whereas,  as  soon  as  sand  was 
applied,  the  wheels  became  dry,  and  the 
friction  rollers  acted  efficiently.    Every  train 


to  a  load  of  42  tons,  though  on  some 
»iuf  they  had  hauled  eight  loaded  vehi- 
eighlng  in  all  about  56  tons;  while 
roods  trains  the  usual  load  with  the 
'  locomotives  was  70  tons,  and  with 
wavier  locomotives  from  100  tons  to 
ons.  It  should,  however,  be  stated 
J  reducing  the  lead  of  the  slide  valves 
-eighth  of  an  inch,  the  power  of  these 
;8  had  recently  been  increased  10  per 

:ed  and  Duty. — The  average  speed 
passenger  trains,  including  stoppages, 


t  miles  per  hour  between  Port  Louis  i  of  four  or  five  carriages  had  two  guards,  one 


le  summit,  and  15  miles  per  hour  from 
>oarg  to  the  summit ;  while  that  of  the 
trains  was  about  9  miles  an  hour,  in- 
ig  frequent  stoppages.  The  particu- 
r  a  trip  made  on  the  12th  December, 
when  the  fuel  and  water  were  noted 
accurately  than  usual,  were  given  in 
.  From  these  it  appeared  that  the 
consisted  of  ten  loaded  wagons  wcigh- 


eam    in   the  cylinder   as    GO    lbs  per 
s  inch,  the  power  exerted   would    be 


00X11X^^23^3  H 


to  work  the  continuous  brake,  the  other  to 
use  the  separate  brake,  if  necessary,  attached 
to  that  carriage  which  was  not  connected 
with  the  continuous  brake.  The  heaviest 
passenger  train  which  had  descended  from 
the  summit  to  Port  Louis  consisted  of  four- 
teen carriages  and  two  brake-vans,  convey- 
ing five  hundred  and  thirteen  troops.  That 
was  on  the  14th  November,  1868,  and  it  was 
>gvther  83  tons,  or  with  tlic  engine  a  ;  kept  perfectly  under  control  by  the  continu- 
load  of  131  tons  ;  the  average  speed  |  ous  brake  on  four  carriages,  and  by  five  ad- 
Port  Louis  to  the  summit  was  11  miles  '  ditional  brakesmen,  the  speed  being  steadily 
lur,  and  taking  the  average  pressure  |  maintained  at   20  miles   per  hour.     There 

were  but  four  instances  of  passenger  trains 

getting  for  a  time  beyond  control :  first,  one 

morning  when  the   rails  were  wet,  a  train 

descended  from  the  summit  for  a  distance  of 

3J  miles  in  five  minutes,  or  at  a  speed  of  45 

liii,  divided  by  the  weight  of  the  loco- ;  miles  per  hour.     This  was  the  highest  speed 

e,  lias  equal  to  3.04  II.  P.  per  ton  oV  on  record,  and  it  occurred  before  the  sand 

The  coal  used  on  the  above  trip  was   boxes  were  put  on  the  brake-vans.  Secondly, 

led  from  Sydney,  N.  S.  \V.,  and   the  j  in  a  similar  way,  another  train   attained  a 

mption  amounted  to  4.75  lbs.  per  II.  i  speed    of  32   miles    per   hour.     Thirdly,   a 

r  hour,  8   lbs.  of  water  being  evapor-   train    overran  a  station  for  a  considerable 

<lii;tancc,  chiefly  from  the  want  of  sufficient 
care  on  the  part  of  the  engine  driver  and 
guards.  Lastly,  a  train  once  attained  an 
excessive  speed  in  descending  from  the  sum- 
in  of  the  first-class  carriages  all  the  !  niit,  through  the  dropping  off  of  the  nut  of 
«  on  this  railway  had  a  brake  on  every  |  the  eyebolt  passing  through  the  axle  on 
,  worked  from  the  inside.  The  ordi-  which  the  continuous  chain  of  the  brake 
passenger  trains  were  composed  of  one  ;  apparatus  was  wound.  The  speed  in  de- 
one  second,  and  two  third-class  carri- 1  scending  the  inclines  was  limited  theoreti- 
with  one  brake-van,  and  to  these  trains  cally  to  18  miles  per  hour,  practically  it 
ylark*8  continuous  brake  was  attached.  |  rarely  exceeded  25  miles,  and  the  carriage 


-33.000 ""•    P»^°»t   >» 

ig  the  weight  of  the  engine,  140  H.  P., 


by   1    lb.  of  coal,  but  ordinarily  only 
$.  of  water  were  evaporated  by  1  lb.  of  j 
oul.  ! 

RRIAOER  AND  BRAKES. — With  the  CX- 
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brakes  wcro  generally  8uiHcicnt  to  control  gradient  for  a  long  rise  should  never  exeeei 
the  train,  without  the  necessity  of  applying  |  1  in  40  ;  and  that  it  would  always  be  pr^ 
the  engine-brake.  The  goods  trains  in  de-  j  forablo  (under  the  ordinary  system  of  tne- 
scendiug  the  inclines  as  a  rule  consisted  of '  tive  power),  to  incur,  within  rcasouUt 
eight  loaded  wagons  with  the  lighter  loco- 1  limits,  any  additional  expense  that  might  ha 
motives,  and  of  ten  or  twelve  wagons  with  '  requisite  to  bring  the  inclination  withiut' 
the  heavier  engines  ;  and  in  these  cases  also  ratio.  It  was  also  suggested  that  in  lajing 
the  brakes  on  the  wagons,  two  being  screw  '  out  such  inclines,  whatever  might  be  tka 
brakes,  and  the  remaining  wagons  being  '  ruling  gradient  (provided  it  was  not  entirelj  ^ 
furnished  with  the  ordinary  lever  brakoe,  i  exceptional,  and  where  additional  power 
affordedpowersufiicient  to  control  the  trains,  could  be  applied),  that  gradient  should  bt 
It  had  long  been  in  contemplation  to  make  !  followed  throughout  the  line,  as  far  as  tbs 
safety  sidings  at  the  foot  of  the  steepest  in-  >'  feature's  of  thu  country  would  permit.  It 
clines,  but  the  ground  was  by  no  means '  was  likewise  recommended,  that  pieces  rf 
favorable  for  the  purpose,  and,  moreover,  it  |  level  should  be  introduced  betwccu  the  dif^ 
was  feared  that  such  sidings  might  become  j  ferent  inclinations,  as  thej  were  of  tht 
a  source  of  danger.  j  greatest  value,  in  controlling  the  tnim  ia 

Cost  OF  Working. — The  rules  in  force  i  descending.  The  Midland  line  had  mnr 
for  the  regulation  of  the  traffic  on  the  main  I  been  opened  for  more  than  three  ycvn, 
line  and  at  the  stations  were  then  given  in  '  and  fortunately  no  accident  had  yet  occurrai 
detail,  as  well  as  the  traffic  returns  for  the   to  any  train  in  descending  the  inclines. 

years  18o6  and  18(57,  the  rates  for  passen-  j  

gers  and  goods,  and  the  statement  of  thej  cTT>\f4DTVT?   r^vpivrrorvr* 

receipts  and  expenditure  for  the  year  1806,  i  SUDMARI^E   KNGI^ELRuG. 

from  which  latter  it  appeared  that  the  work- 1  jj^g-jj^,Q  B^i^K  and  iron  piers— SAJCD 
ing  expenses  were  then  02.J  per  cent  of  the  '  pump— new  excavator. 

receipts  ;  but  this  result  was  said  to  be  due  |  v    vt     t     •    o  n   «  t  n  i?      a. 

to  several  exce,,tion.l  causes.  CousiJering  ,  ^3khr;r;n.\r.h.'?o";Sr/^„f«?-I^;rrj  rf 
the  high  price  paid  for  skilled  labor  and  for  !  the  Uridgo  over  the  RiTur  Jquia,  Deibi  KAilway,* 
fuel,  the  acricultural  character  of  the  dis-  aud  a  paper  by  Air.  Jobn  Miiruy,  Aiwc.I.C.E., 
A   '   X     .u  I.        u-   1      xu       1'  1     xi  entitled  **  Dcscriptinn  of  Apparatus  for  Lzeavatuf 

trict  through  which  the  hue  passed,  the  ^^^  iu^^.^or  of  and  for  sinking  Iron  CjliLdtn" 
severity  of  the  gradients,  t.ie  want  of  any- :  before  the  Instiiutiun  of  Civil  Knginecr*,  Mank 
thing  that  could   be  called  a  town  save  at '     ^d,  186». 

Port  Louis,  the  lack  of  minerals  ur  manu- 1  Sinking  Brick  Piers. — The  mfide  of 
facturcs  to  transport,  the  peculiar  nature  of'  forming  the  foundations  of  the  bridge  over 
the  sugar  traffic — requiring  a  large  amount  the  river  Juma,  was  thus  described  by  Mr. 
of  rolling  stock  for  three  months  in  the  year,  |  Bell :  It  appeared  that  the  bed  of  the  rirer 
whereas  for  the  remaining  nine  months  less  '<  at  this  point  consisted  of  coarse  and  fine 
than  half  the  quantity  sufficed — the  author  i  gravel  and  sand,  interspersed  with  layers  of 
thought  it  was  not  surprising  that  the  work- j  blue  clay  I)  ft.  and  4  ft.  thick,  and  cuvered 
ing  expenses  of  the  Midland  line  should  with  silt;  but  during  the  rainy  season  large 
in  18()G  have  been  &2^  per  cent  of  the  re- ,  boulders,  weighing  14  lb.  each  and  upwardis 
ceipts,  or  5s.  5d.  per  train  mile.  Now  that '  were  brought  down  and  deposited  by  tlw 
the  heavier  locomotives  enabled  a  larger  j  scour  of  the  river  30  ft.  beluw  the  k-vel  of 
amount  of  sugar  to  be  carried,  and  when  the  j  the  bod.  The  bridge  comprised  twenty-four 
goods  traffic  was  further  developed,  it  was !  openings,  each  i>U  ft.  in  the  clear,  and  the 
believed  a  considerable  deciease  in  the  per- '  superstructure  was  composed  of  two  linos  of 
centage  of  working  expenses  to  receipts '  lattice  girders,  resting  on  brick  columns  or 
would  ensue,  accompanied  also,  it  was  hoped,  wells,  each  12  ft.  G  in.  external  diameter, 
by  a  reduction  in  the  cost  per  train  mile.      !  and  5  ft.  10  in.  internal  diameter,  so  that  the 

Conclusions. — In  conclusion  it  was  re- 1  wall  of  the  well  was  3  ft.  4  in.  thick.  In 
marked,  that  although  it  might  sometimes  some  instances  the  sites  of  the  piers  were 
be  impossible  to  construct  a  railway  with  got  clear  of  water  by  diverting  the  rivcr  it 
easier  gradients  than  those  on  the  Midland  ilitferent  points  during  the  dry  :^ason,  while 
line,  yet  the  difficulty  of  working  these  in- '  in  other  cases  islands  were  formed,  by  driv- 
clines  in  wet  weather  had  been  so  great,  the  ing  a  half  circle  of  piles  on  the  uiv^treaa 
load  hauled  so  small,  and  the  speed-so  low,  side,  then  lowering  sand-bags  on  the  down 
that  the  author  thought  the  severity  of  any  [  stream  side,  to  the  height  of  4  ft.  or  b  ft, 
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erwards  filling  up  with  sand  to  5  ft. 
low  water.  The  curb  on  which  the 
g  of  the  well  rested  was  formed  of 
t-iron  plates  and  angle  irons  riveted 
r ;  and  in  cross  section  the  curb  was 
inverted  right-angle  triangle,  of  which 
ght  was  4  ft.  and  the  base  3  ft.  4  in. 
»ch  curb  was  complete  it  was  moved 
«ition,  and  the  compartments  were 
led  in  with  concrete.  The  curb  was 
ink  by  men  working  with  the  ''phao- 
jHide)  and  basket,  till  the  upper  edge 
thin  3  in.  of  the  level  of  the  water, 
.  ring  of  brick  work  was  carried  up 
eight  of  G  ft.  The  excavation  of  the 
r  was  again  proceeded  with  by  means 
^^jham'*  and  divers  in  the  old  native 
afterwards  a  further  height  of  10  ft. 
(k  work  was  added,  but  the  material 
>w  removed  by  a  sand-pump  (to  be 
:er  described)  worked  by  a  steam  hoist 
)rse  power,  as  was  the  case  after  two 
»nal  lengths,  each  of  15  ft.,  were  built, 
iie  well  was  carried  do¥m  to  its  full 
In  operations  of  this  nature  great 
as  necessary,  especially  at  first,  to  in- 
be  well  or  cyliuder  descending  verti- 
For  this  purpose  the  curb  should 
h\y  be  sunk  alone  without  any  build- 
rhc  first  height  of  brick  work  should 
?eed  5  ft.  or  G  ft.,  the  next  10  ft.,  aud 
never  advisable  to  build  more  than  15 
.  time.  Before  comuienciug  any  addi- 
hei^ht  the  top  course  of  the  brick 
already  built  ought  to  be  removed,  to 
a  thoroughly  clean   surface   for  the 

B  AND  Mortar. — The  lime  used  at 
»rks  was  made  from  marl  or,  more 
y,  calcareous  clay,  which,  while  soft, 
»ughly  moulded  into  bricks.  These 
tacked  to  dry  for  three  or  four  days, 
ire  afterwards  burned  with  wood  in 
jr  fifty  or  sixty  hours.  The  flues  were 
losed  with  bricks  and  mud,  and  so 
1  to  remain  for  two  or  three  days.  On 
n  being  opened  the  lime  bricks  were 
ed  almo:)t  in  a  whole  state,  were  ground 
stones,  screened,  and  carried  to  the 
pure  and  free  from  ash  or  dirt.     The 

was  made  from  one  part  of  ground 
id  one  part  of  clear,  sharp  sand.  This 

was  u.-<ed  in  all  the  well  foundations 

bridge  up  to  the  level  of  low  water ; 
I  a  proof  of  its  quality  it  was  stated 
was  easier  to  break  the  work  as  a  mass 
0   8e|>arate   it  at  the  joints  or  beds. 

the  level  of  low  water  the  mortar  was 


composed  of  white  hill  lime,  and  sorkhee,  or 
crushed  brickbats,  in  equal  proportions,  as  it 
was  found  that  the  lime  from  the  calcareous 
clay  lost  the  greater  part  of  its  cohesion 
when  used  in  work  exposed  to  the  vicissi- 
tudes of  the  atmosphere — whether  this  arose 
from  the  frequent  changes  from  dryness  to 
humidity,  or  from  heat  to  cold,  was  not  ascer- 
tained. 

Time  Occupied. — The  well  sinking  for 
the  foundations  of  the  piers  and  the  abut- 
ments of  this  bridge  was  completed  in  little 
more  than  two  years,  which,  without  deduct- 
ing any  time  for  building  up  the  brick  work, 
j  or  for  that  unavoidably  lost  by  the  rise  in 
I  the  river  during  rains,  gave  an  average  rate 
of  159  ft.  per  month.  The  time  occupied  in 
the  building  of  the  steining  of  the  wells, 
erecting,  taking  down,  and  re^'recting  scaf- 
folding and  staging  for  sand-pump,  weighting 
the  wells,  &c.,  was  equal  to  that  employed  in 
sinking.  This  would  give  the  rate  of  sink- 
ing as  a  little  over  300  ft.  per  month.  If 
cast-iron  cylinders  had  been  used,  the  work 
could  have  been  performed  much  more 
quickly,  as  the  portions  of  the  cylinders 
could  have  been  put  together  more  rapidly, 
and  owing  to  the  slight  bearing  surface  ex- 
posed by  the  thickness  of  the  iron,  compared 
to  the  breadth  of  the  brick  work  in  the  walls 
of  the  well.  The  total  weight  of  the  foun- 
dations and  of  the  iron  girder  superstruc- 
ture on  each  well  was  420  tons,  and  the  area 
of  the  bottom  of  each  well  was  117  ft.,  so 
that  the  weight  was  less  than  4  tons  per 
square  foot. 

TuE  Sand  Pump. — The  novelty  in  the 
sinking  of  the  wells  of  this  bridge  was  in 
the  use  of  the  sand  pump.  This  was  de- 
scribed to  consist  of  a  wrought-iron  cylinder 
having  a  pump  riveted  to  it  at  the  top,  in 
which  was  a  piston  fitting  loosely,  and  pierced 
with  small  holes  to  allow  of  the  escape  of 
water.  The  piston  rod  terminated  in  an  eye 
at  the  upper  end,  to  which  a  chain  could  be 
attached.  The  bottom  of  the  cylinder  was 
movable,  and  in  the  center  there  was  an  up- 
right suction  pipe,  projecting  outwards  for  a 
distance  equal  to  its  own  diameter,  and  in- 
wards nearly  to  the  top  of  the  cylinder. 
When  the  pump  was  lowered  to  the  bottom 
of  the  well,  the  chain  attached  to  the  piston 
rod  was  worked  up  and  down  like  a  ringing 
engine.  In  this  way  water  was  first  drawn 
through  the  upright  pipe,  followed  by  sand 
or  other  material,  which  fell  over  the  pipe 
into  the  cylinder.  This  operation  was  con- 
tinued  until   the   cylinder  was   quite  full, 


428 


VAN  NOSTRAND*S  ENGINEERING  MAGAZINE. 


vbich  wtt»  known  by  the  piston  working 
stiffly,  wlien  the  macbine  was  rai?^ed  to  the 
fturiace;  tlie  bottom  of  t!ic*  cylinder  was 
then  detached,  with  the  column  of  t^and  rest- 
ing on  it,  and  another  cylinder  boll  on  i  which  j 
had  been  cleared  of  its  sand  was  siibi*tituted.  ' 
The  number  of  men  employed  at  each  well 
was  iburteen,  nine  working  the  chain,  two 
clearing  away  the  Btuft  bruu|:ht  up  by  the 
pump,  one  in  charge  of  a  stejtm  luast,  one 
breaking  firewood,  and  an  overseer*  The 
average  rate  of  sinking,  inelutling  contin- 
gencies, vfUH  about  G  ft.  in  eight  hourn.  This 
rtite  was  extraordinary  when  compiired  with 
the  old  i^ystem  of  the  *^jham'*  and  diver, 
and  would,  it  was  believed,  materially  re- 
duce the  expense  of  bridge  work  in  India. 

Mij.KoY*s  Excavating  Apparatus. — 
Mr,  Milroy  believed  that  for  the  purpose  off 
sinking  eylinderi?,  the  great  desideratum  hith- 
erto had  been  ^ome  method  of  excavating  the  ; 
earth  from  tlie   interior  without  at  the  same 
time  having  to  take  out  the  water,  and  to  keep 
it   nut   during  the  operation!^.     This  object 
seemed  to  the  autlmr  to  have  been  attained  by  ^ 
a  machine  of  his  invention,  which  wtis  used  in  , 
the  construction  of  the  bridge  over  the  river 
Clyde*  for   the  Glasgow  (City)  Union   Rail- 
wavt  to  which  Mr.  Fowler  and  Mr,  Biair 
were  the  engineers. 

The  excavating  apparatus,  commonly  called 
the  "excavator,"  was  thua  described:  It 
conaisted  of  a  horizontal  frame  of  iron,  with 
an  outside  rim  9  in,  in  height,  to  which  radi- 
ated, like  the  spokes  of  a  w h eel, T -irons  from 
a  small  cast-iron  ring  in  the  center.  To  the 
bottom  of  the  outside  rim  were  hinged  eight 
heavy  iron  spades,  which,  when  drawn  in, 
fitted  ciosely,  with  their  points  pressing 
again»t  the  inner  ring.  The  hinges  of  the 
fpadcB  were  so  constructed  as  to  prevent 
them  from  turning  back  beyond  the  perpen- 
dicular. The  w^hole  apparatus  was  very 
strongly  made,  and  it  formed,  when  closed,  a 
nearly  water-tight  tn\y.  When  the  machine 
wa>?  descending  the  wpades  were  allowed  to 
hang  vertichlly,  and  they  were  forced  into 
the  gnmnd  by  the  aid  of  two  chriins  fast- 
ened to  the  top  of  upright  arms  t>u  opposite 
Bidea  of  the  excavator,  then  parsed  down  the 
cylinder,  under  a  pulley*  np  between  two 
leaders,  and  over  another  pulley,  the  end  of 
each  chain  being  wound  round  the  large  axle 
of  the  cap.Htan,  or  drum,  on  the  landing 
stage.  These  chains  were  calculated,  when 
tightened,  to  keep  the  machine  down,  whiLst 
the  spades  were  being  drawn  in  through  the 
crowd,  and  up  to  the  frame.     This  was  ef- 


rife* 


fectcd  by  a  second. pet  of  chaiitf.ili 
length,  and  each  fai^tened  at  ou»ei 
inside  of  a  spado,  and  at  the  vthrt 
the  end  of  a  main  chain,  by  wbifk 
chine  wa^  raised  to  the 
earth  it  contained,  by  mniv  i 

In  order  to  enable  au  opiijiuu  iii  itc 
of  the  capabilitie**  of  the  ♦^\»*avil<jf 
mentioned   that   '  '  tlM 

tion.  and  the  corr*    ^  M 

cylinder,  reached  trum  nl"  J 

|>er  day  of  ten   hourw,  im  1  li 

emp!(»yed  in  adding  fresh  I  ] 

putting  on  weights,  ^e.  :.._  j 
been  little  interruption  for  any  of  i 
poses,  it  had  amounted  to  *Jti}  (I.  iH 
hours,  and  then  the  average  quaalil 
brought  up  at  each  lift  v  *^  - 
and  ihtd  total  quantity  di 
found,  by  uieasurenntut,  t<»  \ 

Twelve  men  in  al!  were  1 1 
engineer,  one  stoker,  six 
drums,  three   attending  t 
discharging  of  the  excnvate-r, 
wheeling  ttw*ay  the  materials. 

In  conclui»inn,  the  following  l 
were  claimed  for  this  apparatus: 
it  was  perfectly  independent  of  f 
was  allowed  to  remain  in  the  pit 
until  the  excavation  was  er4n|iLi 
ondly,  that  it  could  be  u^cd,  and 
effective,  at  any  depth,  without  m< 
ferencc  in  the  cost  of  working ;  ik 
its  rate,  both  of  sinking  andof  rt 
was  higher  than  had  yet 
any  other  method ;  and  ] 
not  liable  to  get  out  of  order,  fthLUl 
was  always  in  the  naruc  peq>c*ad 
and  the  expense  attending  its  n 
com^>aratively  trifling,  aa  &ki. 
were  not  required. 


i 


(Chimney   Swekpino  '^E 
/  IN  Amsterdam. — There 
been  formed  in  Am^tcidatn,  with 

approbation,  a  nondescript 
the  title,  '*  Amsfi^rdnm  Soot  C 
director  has  the  title,  **  11 
gineer  ;"    the  managinsr  ■' 
guished  advocate  of  rl  t 

misMioners  designated  i 

an  inspector  of  public   W'  j 

njond  merchant,  already  >  ■  '  n 
induf^trial  association,  and  an  arfl 
engineer,  who  is  aluo  a  manufiietii 
company  has  for  its  bustnexs  ih» 
of  chimneys  and  trade  in  soot. — ^2 
Genie  Ciml.  i 
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iiLKD  FrkiqhtEngine^Penn- 
siA  Railway.  —  One  of  these 
I  designed  by  Mr.  J.  B.  Collins, 
\  Engineer  to  the  Company,  is  fully 

in  *'  Engineering,"  March  5th. 
ion  in  the  design  was  to  embody 
emcnts  developed  by  experience, 
i  all  superfluities  of  construction, 
iflh  of  the  engines  there  is  no  at- 
rnamentation ;  there  are  no  brass 
at  the  boiler,  and  there  are  no 
asories,  except  the  bell  and  whis- 
painting  is  plain,  and  no  scroll- 
ictures  are  introduced.  The  ob- 
;,  in  fact,  has  been  to  make  a  plain 

engine,  without  any  unnecessary 
;ion.  The  principal  dimensions 
•ws: 

Cylindtrt. 

ft.    in. 

1      6 

1     10 

rt  from  center  to  ceoter 6      9 

>rU 1      4 

•am  ports 0      Ij 

haust  ports 0      2\ 

T8 0      1 

D  center  of  cylinder  to  valve 

1      8* 

« 0      OJ 

Ives  in  full  gear 0      6 

Wheeh. 

coupled  wheels 4      7 

bogie  wheals 2      4 

reen  center  of  Iwgie  wheels. .     6      8 
a  center  of  bogie  to  center  of 

(^  coupIiHl  whci^is 8      6 

ween  ccntorH  of  1st  and  2d 

coupled  wheels 5      0 

w^?eu  centers  of  2d  and  8d 

coupled  wheels 7      5 

bake 23      8 

Boiler. 

barrel  outside  largest  plate. .  4  2 

iTTCl 11  11 

e  box  casing. 6  9] 

'-wheeled  bogie  under  the  front 
engine  is  of  the  ordinary  pattern, 
ng  beam,  and  the  front  pair  of 
leeb  has  tyres  without  flanges. 
is  fitted  with  the  usual  chilled 
I,  and  the  coupled  wheels  are  of 
th  hollow  spokes  and  rim.  The 
rods  take  hold  of  the  crank  pins 
iter  pair  of  coupled  wheels,  and 
io  rods  are  cranked  so  as  to  pass 
r  above  and  below  the  front  pair 
wheels  to  the  links.  The  valve 
tuated  above  the  cylinders,  and 
iro  worked  through  the  intervene 
cing  shafts,  as  is  usual  in  Amcri- 


LIGHT  RAILWAY  ROLLING  STOCK. 

From  "  The  Engineer.'' 

That  railways  do  not  pay  a  fair  profit  on 
the  sums  invested  in  their  construction  is  a 
truth  fully  recognized  by  the  modern  capi- 
talist. This  truth,  so  important  in  its  bear- 
ing on  the  development  of  the  resources  of 
the  country,  has  been  carefully  investigated 
by  engineers  and  financialists  alike,  and,  as 
a  result  of  this  investigation,  two  general 
propositions  have  been  laid  down.  The  first 
is,  that  very  large  sums  have  been  in  some 
cases  necessarily,  in  other  cases  unnecessar- 
ily, wasted  in  unproductive  work,  such  as 
law  expenses,  the  construction  of  palatial 
termini,  the  reduction  of  lines  to  a  dead,  or 
nearly  dead  level,  by  embankments  and  cut- 
tings, etc. ;  the  second  proposition  is,  that 
railways  do  not  pay  because  they  are  worked 
on  too  expensive  a  system.  If  we  may  be 
allowed  the  expression,  according  to  one 
party  the  statics  of  our  railway  system  are 
to  blame ;  according  to  the  other  the  dy- 
namiob  of  that  system  are  in  fault.  It 
forms  no  part  of  our  purpose  now  to  inves- 
tigate questions  relating  to  the  statics  of  the 
railway  system.  The  railways  are  there, 
with  all  their  faults  or  excellencies,  and 
cannot  be  altered.  We  must  make  the  best 
of  them.  We  propose  here  to  consider  the 
bearing  of  some  of  the  questions  connected 
with  the  dynamics  of  railways,  that  is  to 
say,  the  system  on  which  passengers  and 
light  goods  arc  conveyed  from  place  to  place; 
lut  we  wish  it  to  be  particularly  understood 
that  nothing  which  we  may  advance  in  favor 
of  the  use  of  light  engines  is  intended  to  ap- 
ply to  the  working  of  heavy  goods  or  mine- 
ral trains.  These  can  only  bo  hauled  by 
engines  of  great  power;  and  the  heaviest 
goods  locomotives  bear  a  comparatively  rea- 
sonable proportion  to  the  weight  of  the  loads 
drawn  by  them — a  condition  favorable  to 
economy,  which  has  no  existenoe  in  the  ease 
of  passenger  and  other  light  traffic. 

We  are  indebted  to  Capt.  Huish's  "  Re- 
ports on  Hallway  Plant,*'  for  the  following 
statements  as  to  the  augmentation  in  tho 
weight  of  railway  rolling  stock,  which  took 
place  between  1831,  the  date  at  which  the 
reports  commenced,  and  1848.  The  reports 
refer  to  what  is  now  known  as  tho  London 
and  North-Western  system.  In  1831  the 
average  weight  of  tho  engines  on  the  Liver* 
pool  and  Manchester,  and  London  and  Bir« 
mingham  Railways,  was  seven  tons.  la 
1848  it  was  more  than  twice  aa  muQh»  being 
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since.  It  is  a  great  mistake  to  suppose  that  Clevedou  to  Yatton  ;  on  this  road  her  Tep- 
we  have  been  theorizing  all  this  while ;  on  lar  speed  was  24  miles  per  hour,  she  ni 
the  contrary,  every  statement  we  have  made  i  sixteen  trips,  or  04  miles  per  day,  and  need, 
in  favor  of  the  light  rolling  stock  system,  >  in  doing  so,  397^  gallons  of  water,  and  tke 
and  the  whole  purport  of  this  article,  is ,  total  cost  of  running,  exclusive  of  rcpain. 
borne  out  by  the  practical  results  obtained ,  was  but  3 id.  per  mile, 
from  the  actual  use  of  combined  carriages  I  The  results  obtained  from  the  Fairfieli 
and  engines  years  a.2;o.  ]  were    eminently     satisfactory — satisfaetorj 

iSome  twenty  years  ago  Mr.  Gregory  had ,  enough,  we  think,  to  justify  the  favorable 
a  combined  carriage  and  engine  from  Mr.  i  opinions  we  have  expressed  rcgurdinf[  tU 
W.  B.  Adams  to  work  the  Tiverton  branch  j  sybtem ;  but  we  have  still  more  conclu:«iTt 
of  the  Bristol  and  Exeter  Railway.  This  i  evidence  to  urge  in  its  favor.  Mr.  ^amaeb 
steam  carriage  was  christened  the  Fairfield,  i  designed  a  carriage  built  by  Mr.  Adanis,  ani 
The  machinery  and  carriage  body  wore  on  I  called  the  Enfield,  which  was  put  tu  work 
one  frame,  40  ft.  over  all,  hung  on  six '  on  the  Great  Eastern  Railway.  Wc  an 
wheels  ;  the  two  leading  wheels,  4  ft.  6  in. ;  indebted  for  the  following  facts  relating  t« 
in  diameter,  being  the  drivers.  The  wheel ,  the  Enfield  to  a  paper  read  by  Mr.  Samueli 
base  was  28  ft.  long,  and  peculiar  provisions  '  before  tho  Institution  of  Mechanical  Ei- 
wcre    introduced    to   let   the   machine    get  •  gineers : 

round  curves.  The  cylinders  were  8  in.!  The  Enfield  had  8  in.  cylinders  and  12  in. 
diameter,  12  in.  stroke.  The  boiler,  of  the  !  stroke ;  driving  wheels  5  ft.  diameter;  dii- 
ordinary  type,  was  7  ft.  7  in.  long  in  tho  ■  tance  between  centers,  20  ft. ;  width  of 
barrel,  and  2  ft.  6  in.  diameter.  It  con- ;  framing,  8  ft.  6  in.  The  boiler  was  of  tht 
taiued  115  tubes  1.^  in.  by  8  ft.  The  fire- 1  ordinary  locomotive  construction,  5  ft.  loig 
box  was  2  ft.  6  in.  long  by  2  ft.  3  in.  wide,  by  i  by  2  ft.  G  in.  diameter.  The  fire  box  was! 
4  ft.  high.  The  heating  surface  in  the  box  '  ft.  10  J  in.  by  2  I't.  G  in.  There  were  115 
was  37  ft.,  in  tho  tubes  325  ft.  The  car- 1  tubes  of  IJ  in.  diameter,  and  5  ft.  3  in.  ii 
riagc  carried  fifty-eight  pa.sscngcrs.  j  length,  giving  a  total  of  230  ft.  heatini;  snr- 

Now  let  us  see  how  far  the  performance   face  in  the  tube.     The  area  of  the  fire  box 
of  this  steam  carriage  justified  the  objec-   was  25  ft.,  giving  a  total  heating  surface  of 
tions  urged  against  the  system.     First  as  '  255  ft.     The  weight  of  this  steam  carriage 
regards  want  of  adhesion.     We   find  that '  was  15  tons  7  cwt.  in  working  trim.    Tbfl 
the  Tiverton  branch  was  five  miles  long,  and   engine  and  carriage  being  combined,  it  ia 
haJ  a  gradient  of  1  in  8l) ;  the  fact  that  this  ,  evident  that  the  weight  on  the  driving  wheels 
was  regularly  worked   in   all  weathers,   is '  was  increased  by  the  load  carried,  and  that 
proof    that    the    adhesion    was     sufficient,    this  weight  increased  in  the  same  ratio  ai 
Next,  as  to  speed.     The  Fairfield  ran  from  ,  the  load  required  to  be  taken.    The  extreme 
Exeter  to  Bristol,  70  miles,  with  an  extra  ;  distance  between  tho  centers  of  the  leading 
load  behind  her  weighing  ten  tons,  equal, '  and  trailing  wheels  being  20  ft.,  accounts 
say,  to  140  passengers  in  all,  in  three  hours  |  for  the  steadiness  of  this   machine  ;  there 
37  minutes.     Of  this  time  58  minutes  were  ,  was,  indeed,  no  perceptible  oscillation  when 
spent  stopping  at   twelve  stations,  leaving  i  traveling  at  the  highest  speed,  and  this  veri- 
her  regular  pace  28  miles  an  hour.     The  !  fies  the  observation,  "  that  tho  steadiness  of 
maximum  speed  attained  on  t  .is  trip  was  ,  an  engine  depends  not  on  the  position  of  the 
47  miles  an  hour.    So  much  for  speed.   Now  .  driving  wheel,  but  upon  tho  length  of  the 
for  capacity.     The  Fairfield  took  as  much '  rectangle   covered   by   tho  wheels."     This 
as  31  tons — that  is  to  stty,  three  other  car-  engine,  at  the  same   time,  daily  traversed 


riages  loaded,  up  the  Tiverton  gradient  of 
1  in  80,  doine  the  five  miles  in  eleven  min- 
utes, or  at  the  rate  of  27  miles  per  hour. 
This  surely  demonstrates  the  practicability 


curves  of  five  or  six  chains  radius.  The 
Enfield  steam  carriage  was  originally  in- 
tended to  convey  84  passengers,  bat  as  it 
was  found  that  when  she  was  put  on  as  an 


of  attaehing  more  carriages  when  necessary,  express  train  the  pa.ssengers  increased  ia 
and  therefore  of  rendering  steam  carriages  numy>er,  a  North  Woolwich  oirriage  was  at* 
quite  competent  to  the  discharge  of  abnor- ,  tached  capable  of  conveying  IIG  passenger^ 
mal  duties.  The  consumption  of  fuel  on  and  also  a  guard's  brake-van,  making  provi- 
regular  work  was  8.7  lb.  of  ooko  per  mile,  sion  altogether  for  150  passengers,  which 
AAer  working  tho  Tiverton  branch  for  some  '  was  her  regular  train,  taken  at  a  sip<±cd  of 
time  the  Fairfield  was  put  on  tho  line  from  \  37  miles  per  hour. 
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following  retarA  shows  the  miles  run 
i  eoke  consumed  bj  this  engine  during 
i  seTen  and  a  half  months'  regular  work- 
I,  from  January  29th  to  Sept.  9th,  1849 : 

Id  miles  run 14,021 


■ra.  numing  time  . 
rttme. 


lallioim  initeam  . 


7()6 
1,457 

2,162 


It.  of  eoke  consnmed  in  mnning 748 

It*  of  eoke  comnmed  in  standing 408 

It.  of  ooke  oonsumed  in  getting  np  steam,       286 


i  ewt.  of  coke  cottftomed 1,487 

da  per  mile  ave.  ooosomption  of  coke,    11.48 


Enfield  was  in  steam  fifteen  hours 
r  daj,  the  fire  being  lighted  about  six  in 
•  Bioming  and  drawn  at  ten  o'clock  at 
fjkt.  Bat  of  these  fifteen  hours  it  appears, 
p  Am  retam,  that  she  was  engaged  running 
ilj  ft¥0  honn,  the  remaining  ten  being  em- 
ojod  standing  in  the  siding.  It  was  found 
f  ozperiment  that  the  quantity  of  ooke 
■anned  standing  was  82  li).  per  hour ;  and 
Ur  dedacting  this  and  the  quantity  con- 
Med  getting  up  steam,  it  will  appear  that 
ki  aetnal  consumption  of  ooke  running  was 
■far  BIZ  pounds  per  mile.  It  must  also  be 
fMienlarly  borne  in  mind  that  this  oon- 
■■pAion  oif  coke  included  the  total  goods 
wi  eoal  traffic  on  the  branch,  amounting  to 
UlO  tons.  Til.,  169  tons  of  goods  and  1,241 
iM  of  ooal.  The  Enfield  steam  carriage 
Hiked  the  10  a.  m.  passenger  train  from 
loadon  to  Ely,  on  14th  Juno,  1849,  a  dis- 
Inee  of  72  miles,  taking  behind  her  three 
tf  the  ordinary  carriages  and  two  horse- 
kses ;  she  arrived  at  Ely  eight  minutes  be- 
ke  time,  and  the  total  consumption  of  fuel, 
btlading  the  getting  up  steam,  was  found 
ti  be  8 1  lb.  per  mile.  The  tubes  of  the 
kiibr  were  only  5  ft.  8  in.  in  length,  and 
the  eeonomy  of  &el  is  consequently  scarcely 
It  the  maximum.  Mr.  Gregory  expressed, 
■  the  paper  in  question,  as  the  result  of  his 
Bperienee,  the  eonviotion  that,  for  express 

Eees,  and  for  the  larger  portion  of  the 
k  traffic  on  railways,  the  light  steam 
Bwriage  is  the  best  adapted  and  most  eoono- 
Mal  maehioe,  both  as  to  first  cost,  com- 
pHed  with  the  work  done,  and  in  working 
Rpueeui.  The  repairs  of  the  permanent 
vqr  vere  also  Tory  much  reduced,  as  may 
hi  easily  imagined.  On  the  Eastern  Coun- 
^  Baalway,  in  1849,  an  engine  and  tender 
4  Mjfl  SO  tons,  a  brake-van,  a  first-clasa 
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carriage,  af^d  three  third-class  carriages, 
conve3ring  120  passengers,  made  a  total 
weight  of  59  tons,  and  the  consumption  of 
coke  was,  on  the  average,  84  lb.  per  mile. 
A  steam  carriage  weighing  only  seventeen 
tons  will  transport  the  same  number  of  pas- 
sengers at  from  7  lb.  to  8  lb.  per  mile  when 
the  best  proportions  are  attained. 

It  is  unnecessary,  we  think,  to  prolong 
this  article  by  adding  further  arguments  in 
favor  of  the  light  rolling  stock  system.  We 
shall,  in  another  impression,  consider  the 
nature  of  the  mechanical  problems  to  be 
solved  by  the  designers  of  steam  railway 
carriages,  and  the  best  methods  of  solution. 


STEEL  UEADED  RAIL& 

In  1866  Messrs.  John  A.  Oriswold  A  Co., 
of  Troy,  sent  500  tons  of  steel  headed  rails, 
in  lots  of  10  to  100  tons,  to  some  dozen  differ- 
ent railway  companies.  The  steel  surface  was 
about  I  in.  thick  when  finished ;  the  rail 
was  a  pear-headed  56  lb.  pattern,  the  stem 
being,  as  it  proved,  too  light  for  very  heavy 
engines.  Under  a  yielding  iron  head,  the  web 
had  proved  strong  enough.  Under  the  very 
heavy  engines  of  the  New  York  Central  and 
Michigan  Southern,  some  of  these  rails 
failed  in  the  stem,  but  the  heads  rarely  be- 
came loosened.  The  wear  was,  however,  in 
the  worst  cases,  very  much  better  than  of  iron, 
and  the  greater  number  of  the  rails  are  still 
in  use  on  these  lines,  although  placed  where 
they  endure  constant  switching  and  unusual 
wear.  On  some  lines,  where  the  machinery 
is  somewhat  lighter,  these  rails  are  all  in 
excellent  condition.  Some  on  the  Hudson 
River  road,  between  Albany  and  Troy,  show 
hardly  any  deterioration.  The  report  of  the 
Eastern  Railway  (Mass.),  for  1868,  says  of 
them  :  "  We  have  had  25  tons  of  iron  rails 
with  steel  heads,  in  use  as  an  experiment, 
in  our  main  track  for  upwards  of  two  years, 
and  so  far  with  the  most  satisfactory  re- 
sults." The  Superintendent  of  the  Boston 
and  Providence  Railroad,  says  of  some  of 
the  same  lot  of  rails :  **  I  take  pleasure  in 
saying  that  a  lot  of  steel-headed  rails,  fur- 
nished bv  John  A.  Griswold  &  Co.,  in  1866, 
are  wearing  equal  to  the  best  English  (steel) 
rails ;  indeed  there  is  no  difference.  These 
rails  are  laid  on  one  of  the  most  exposed 
places  on  this  road."  On  the  whole,  this 
steel-headed  rail  has  proved  itself  equal  to 
about  three  of  the  best  iron  rails. 

The  heads  of  these  rails  were  made  from 
some  of  the  first  Bessemer  steel  produoed 
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at  Troy,  and  were  rolled  into  Ikbs  deeply 
grooved  on  the  under  side,  where  they  were 
to  be  joined  to  the  iron  pile.  The  weld,  or 
the  weld  and  the  dovetail  together,  made  a 
much  luore  perfect  union  between  the  head 
and  the  re»t  of  the  rail,  than  is  usually 
luttde  in  iran.  The  three  years  practical 
test,  and  numerous  tests  by  the  trip-h^ini- 
nicr,  have  Fihown  the  union  to  be  Bufficient^ 
and  nearly  uniform  for  the  whole  lot.  Witli 
A  heavy,  strong  iron  body,  guch  steel- 
headed  rails  should  wear,  for  some  years,  as 
well  as  all  steel,  but  of  course  they  would 
not  be  as  stiff,  and  when  the  head  was  worn 
very  thin»  it  would  doubtless  come  off.  The 
practicability  of  making  a  good  steel-headed 
rail,  by  this  method,  is  certainly  proved. 

Another  kind  of  Btcel-headed  rail  is  being 
produced  by  Mr,  Coxc,  at  the  Heading  Kail 


way  Company's  mill 
showB  the  method  of 
laying  up  the  pile  (9 
in.),  the  shaded  parts 
being  separate  small 
bars  of  low  c:ist  steel, 
made  at  the  William 
Butcher  ?5teel  Works, 
Philadelphia,  Fig.  2 
(full  sisc)  shows  the 
steel  as  it  appears  in 
the     finished      head. 

Fie, 


The  cut,    Fig.    1, 


The  welding  appears  very  good,  although 
the  head  cannot  be  as  homogeneous  as  a  solid 
•lab.  WMth  some  of  the  piles,  borax,  fire- 
clay^ and  sand  were  used  as  flux ;  with 
others,  the  Hindermeyer  flux,  which  was 
C|uite  satisfactory.  Some  20  tons  of  these 
rails  have  been  laid  in  one  of  the  hardest 
places  in  the  Beading  track,  which  will  soon 
dctermiue  their  value* 


THE  mSTOUY  OF  GlTiJ 

THE    EARLY    ilAM'FACTrRK — If 
AND  ABANDONMENT— I.E3fK'«l 
MENT8 — NEW  DIIFICCLTIES 
UFACTURK     IN     ENGLAND — A] 

PROVEMENT8 PEEiSENT     FM 

RESOLTg. 

Cotupilod  from  tb«  Loti(l< 
In  the  year  1846  Prof*^s*i 
Basle,  announced  that  he 
substance  possessing  all  the 
of  gunpowcr  without    the 
powder  is  dirty^  rather  'dan^_ 
facture,  and  leaves  behind  it^ 
both  a  considerable  qaanlity^ 
ter,  fouling  the    piece  within 
been    consumed »    iind     voIubm 
»iiioke.     The   inventioD   m&di 
populiirity  with  great  rapid! 
be  more  du^^irable  than  an  eX] 
of  great  strength  in  the  form 
ttubii.tance  that  gircs   no  ^moke 
bastion,  and  leaves  no  truces  bcl 
idea  of  gun-cotton  was   not   e 
Braconnet   in    1833,  and    Peloj 
had  produced  a  material  callci 
very  similar   in   its   nature    to 
Pelousse  had  even  proposed  its 
for  artillery  purposes,  but  the 
never  attracted  much  attenticm 
be  in  exhibited  the  substauee  r 
British  Association  at  Sou 
In  the  same  year  he  propo» 
'ranee,  Prussia  and   Audtrift^ 

ahui^ia^m  arose  ;  and,  while  31 
of  Fuversham,  began  to  m&nafa 
England,  foreign  govenimetitii 
the  idea,  and  began  to  carij  I 
forward. 

But  If  its  popularity  arose 
rapidly,  ao  did  the  reactioa  again 
rible  explosions  occurred  in 
magaeincd — not  in  one  eou&try, 
In  England  three  men  who  m 
gun-cotton  rockets  were  killed  i 
of  June,  1847;  and  on  the  141 
such  a  fearful  exidobion  hap[ 
Hall's  factory  ihiit  piin^et*' 
much  dreaded  as  it  *  i 

fore.     The  two  buil'      ^ 
ufacture  was  in  progreaa  bad 
feet  thick,  and  were  aeparaled 
mound  of  earth  forty  feet   hlgl 
echoes  of  the  first  frightful  loar 
given  back  before  the  second  h 
up.     La  to   discoveries  seem  to 
light  upon  this  phenomenon^  wki 
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noted  M  oocurring  even  in  gunpowder 
explosions.  A  dtatsnce  of  two  or  three 
kudred  yards  has  been  found  insufficient  to 
break  this  terrible  sympathy — for  sympathy 
U  probmbly  is.  At  Messrs.  HaH's  works 
tventy-onc  persons  were  instantly  killed,  and 
■ixteen  suffering  wretches  lay  mangled  or 
bamt  upon  the  ground.  The  manufacturers 
wonld  have  no  more  to  do  with  so  deadly  a 
■ttterial.  No  one  could  tell  how  either  of 
tke  explosions  had  occurred.     A  dread  niys- 

;  tery  hung  over  the  event,  and  Messrs.  Hall 
•et  men  to  dig  a  deep  pit,  into  which  they 
fkrew  all  the  gun*eotton  they  had  made,  right 
thankfal  to  see  it  interred  alive.  And  alive 
H  was  still.     Sixteen  years  afterwards  some 

•  of  it  was  dug  up  for  experiment.  The  rains 
kad  filtered  through  it.  The  earth,  greatest 
of  all  chemists,  had  worked  what  it  could 
npon  the  sof^  white  mass,  but  its  nature  rc- 
Biained  the  same,  and  its  force  was  but  little 
•bated.     It   is   not   necessary   to  sav   that 

Enpowder  would,  under   such   conditions, 
ve  melted  into  a  black  paste,  and,  gradu-  I 
ftUy  parting  with  its  saltpeter,  have  become 
perfectly  innocuous.     The  French  govern- 
ment and  the  German  Confederation  were 
almost  equally  unfortunate  ;  and  the  worst 
feature  was  that  no  amount  of  care  seemed 
nficient  to  preserve  gun-cotton  from  igni- 
tion.    The  ugly  phrase  *'  spontaneous  com- 
bnstion  "  was  whispered  about,  and  every 
report  was  unfavorable  to  the  new  explosive. 
Among  the  officers  composing  the  com- 
mittee assembled  from  the  different  armies 
of  the  German    Federation   was   a  certain 
Austrian   captain   of  artillery,    called   the 
Baron  von  Lenk.     Agreeing  with  his  coad- 
jutors that  gun-cotton,  in  its   actual  state, 
was  not  suitable  for  military  purposes,  he  yet 
believed  that  it  could  be  made  so.    Kncour- : 
aged  by  Count  Degcufcld,  he  prosecuted  his  ; 
experiments,  and  found  out  how  to  render  it ' 
safer.     He  also  tried  to  control  its  action ; 
for  one  of  the  great  faults  of  the  old  gun- 
eotton  was  its  excessive  rapidity  of  inflaunna- 
tion,  and  consequently  destructive  effect  up- 
on the  gun  in  which  it  was  fired.    The  safety 
was  gained   by  a  more  complete  conversion 
of  the  original  material  into  gun-cotton,  and  I 
its  subhequcnt  purification  from  all  traces  of  | 
nncombined  acid,  as  far  as  was  possible,  in  i 
bis   method  of  manufacture.     The   regula- ' 
lion  of  the  action  was  obtained,  so  far  as  it ; 
was   obtained   at   all,  by   using   skeins   of| 
twisted  cotton  in  the  first  instance,  and  then  | 
winding  them  round   wood,  twisting  them  | 
into  ropes,  or  compressing  them  iuto  com-  { 


paratively  solid  masses.  Some  success  was 
attained,  and  the  Austrian  government  again 
took  up  the  question.  ^^  hen  an  army  of 
observation  was  placed  in  Galicia  during  the 
Crimean  war,  four  batteries  of  eight  guns 
each  were  provided  with  gun-cotton  charges. 
There  was  no  opportunity  of  trying  them  in 
battle ;  but  experiments  showed  that  the 
new  material  was  uncertain  in  its  action  and 
destructive  to  the  guns.  Some  of  the  charges 
even  ignited  during  the  process  of  loading. 
Artillery  officers  almost  unanimously  reject- 
ed gun-cotton;  and  it  would  have  been  for- 
gotten, but  that  none  of  its  objectionable 
properties  seemed  to  hinder  its  employment 
for  mining  purposes,  while  the  suddenness 
of  its  effects  rendered  it  peculiarly  well 
adaptod  for  blasting  rocks  and  submarine 
explosions.  So  the  engineers  received  it  as 
it  fell  from  the  hands  of  the  artillery,  and 
have  never  since  entirely  rejected  it.  They 
had  stores  of  it  in  Venice  and  the  Quadri- 
lateral during  the  war  of  1859 ;  and  even 
the  artillery,  oeing  in  want  of  something 
that  could  be  called  new  to  oppose  to  the 
French  rifled  guns,  prepared  gun-cotton 
batteries  in  Vienna,  which  were,  character- 
istically, just  ready  for  service  when  peace 
was  concluded  at  Villafranca.  Scarcely  had 
a  few  rifled  guns  been  made  on  the  French 
system,  when  it  was  found  that  they  would 
not  do.  Count  Degcnfeld  was  appointed 
Minister  of  War,  and  again  brought  gun- 
cotton  forward  for  artillery.  An  ingenious 
system  of  rifling  was  devised,  and  tried  with 
gun-cotton.  The  results  were  good  enough 
to  warrant  the  Minister  in  ordering  thirty 
batteries  (240  guns)  to  be  prepared  and 
e(|uipped  in  the  same  manner.  Some  of  the 
European  nations  which  had  dropped  the 
subject  since  18-47,  England  being  one  of 
them,  sent  officers  to  study  the  details,  and 
learn  Lenk's  system  of  making  gun-ootton. 
But  just  then  came  reports  of  unlooked-for 
burstings  of  shells  and  mining  charges  in 
Italy  or  at  Vienna,  and,  finally,  the  blowing 
up  of  a  magazine  at  Simmering,  near  Vienna, 
where  gunpowder  and  gun-cotton  were  stored 
together.  The  old  mystery  hung  over  the 
occurrence.  No  fire  had  been  near  the  place, 
as  well  as  could  le  learnt.  It  was  enough. 
The  Austrian  artillery  had  burnt  their  fin- 
gers too  often ;  they  would  have  no  more  of 
this  soft,  white,  treacherous  substance,  which 
promised  so  fairly  only  to  betray.  It  fell 
completely  out  of  favor,  and  nothing  has 
been  done  with  it  since  in  Austria,  except 
for  mining  purposes  and  torpedoes. 
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But  the  British  AssociaiioQ  had  taken  up 
the  matter  aguia  m  1862,  under  the  advice 
of  General  Sabine,  R.  A.,  President  of  the 
Royal  Society.  A  conmiittee  was  appoint- 
ed, their  report  was  read  in  1863,  and  at 
ladt  the  English  government  appointed  a 
committee  to  investigate  the  whole  auhject. 
According  to  Briti^sh  nsage,  they  began  at 
the  beginning,  and  worked  doggedly  on 
through  all  previous*  experiments,  leaving 
Dofching  unproved.  They  bad  just  cleared 
the  subject  from  most  of  the  fog  that  ob- 
iseured  it,  and  the  light  was  beginning  to 
shioe  pretty  clearly,  when,  again  according 
to  British  usage,  the  commit teo  wa^  sudden- 
ly dissolved.  Fortunately,  Mr.  Abel,  F,  R. 
S.,  chemist  to  the  War  Bepartment,  had 
become  a  convert  to  the  possibility  of  event- 
ually finding  a  substitute  for  gunpowder, 
either  in  gun-cotton  or  some  analogous  sub- 
stance. Hia  researches  have  already  carried 
the  subject  far  beyond  any  point  previously 
attained,  and  the  progress  made  has  been  so 
oonmderable  that  gun-cotton  may  now  be 
oonsidered  as  quite  fit  for  sporting  purposes, 
and  OD  the  way  to  become  so  for  rifled  small 
arms,  perhaps  even  for  field  artillery.  It 
appeared  as  if  chemists  crmld  in  nowise 
satisfy  themselves  as  to  the  value  of  the  ma- 
terial until  they  had  put  a  hard  name  to  it. 
As  long  as  it  was  only  gun-cotton  it  made 
no  progress.  It  languished  even  as  pyroxy- 
lin, but  has  moved  steadily  forward  ever 
since  it  became  tri-nitro-coUulose,  a  rich 
naiue  and  comfortable  to  the  mind. 

It  was,  therefore,  not  to  see  gun-cotton 
made  and  tried,  hut  to  witness  the  manufac- 
ture and  investigate  the  properties  of  tri- 
nitro-coUulose  that  a  party  of  scientific  gen- 
tlemen and  military  officers,  French  and 
English,  recently  went  down  to  SiowmarkeU 
Mr.  AhePs  improvemeuts  have  been  adopted 
by  Messrs.  Prentice,  and  at  their  works 
alone  can  now  be  studied  the  latest  forms 
which  this  material  has  put  on.*  The  Aus- 
trian manufacture  stopped  at  the  point 
where  the  cotton  was  supplied  in  the  f  jrm  of 
§keins,  which  were  dipped  in  a  mixture  of 
nitric  and  sulphuric  acid,  then  placed  in  jars 
to  soak  thoroughly,  then  half  dried  in  a  cen- 
trifug&l  apparatus,  and   afterwards  washed 


•Tilt  Uoiiri .  Prentio*  eommenoed  the  isBiinfACtQr« 
of  gQO*ei>tton  ander  Baron  von  Look's  patents  in 
184s.  W«  hfid  an  opportunity  to  wUneti  the  timi 
•Xp«riai«ntf  roado  by  them,  which,  togfiiber  witli 
nanjr  othor  «xp«rimentB  and  fact*  of  iDtere^t  oon- 
oerning  gun-cottt>n,  nr«  very  fully  eonBidisTod  in  the 
appeniiz  to  **  OrdDanoe  aad  Armor. "-^fif.  K.  IPw. 
Manazifu, 


thoroughly  and  long  by  hand  and  in  numiaf 
streams  until  no  free  acid  oould  be  dtteetij. 
For  small  arms  cartridges  a  hollow  ^^l*ri*A 
rope  was  then  mv^de  of  it,  cut  into  1 
and  arranged  round  little  woodt!o  &pii.uitT, 
the  ends  of  which  penetrated  the  \y»$t§t  d 
their  bullets  and  held  fast  there,  Wl     ''^ 
Messrs,  Prentice  commenced  their  m 
ture  they  were  under  the  advice  ot 
von  Lenk,  and  followed  the  Austrian  : 
exactly*     Soon  they  found  the  rope  ; 
inconvenieutly    long.       They  tried    . 
pope,   but   it    inflamed    too    suddenly   %ui 
strained  the  gun.     Then  they  tric'i  *  'ohl 
rope  of  mixed  gun-cotton  and  eoi: 
This  was  not  ao  dangerous,  but  it.  ,. 
not  always  the  same.     They  tried  al 
may  be  called  gun  blotting-paper,  au 
it  up  into  cylinders  for  oartridge»,  In 
have  now  exclusively  adoptt^l    Mr. 
newer  method.-;^  which  have  the  iwu 
tages  of  rendering  the  gun-cotton  pt^rjvtuf 
safe  and  ahuost  perfectly  manage  able — fi» 
because  the  great  thing  to  W  avoided  b  t 
masf$  of  cotton,  either  imperfectly  convfit*4 
or  containing  free  acid.     Cotton,  like  hair  m 
its  ordinary  state,  is  made  up  of  a  vastnutubcr 
of  small  tubes,  which  all  have  the  power  «f 
taking  in  lii|uid  by  capillary  attraction,  io<) 
retaining  it  in  spite  of  all  wai^hing.     If  tkre 
is  any  free  aoid  in  the  gun-eotton  it  ha^nuiDr 
opportunities  for  combining  chemically  wiu 
other   BubstanecB,  and   bo  setting  up  ^f^ 
which  accumulatee,  and   may  at   last  fire  i 
portion  of  the  mass.     Mr.  Abel  ubviatctlU* 
by  tearing  the  cotton  into  fragtne&U,  ml* 
ing  it,  in   fact,  into   pulp.     The  prooesa  «f 
making   gun-cotton  at  Slowmarkct  u  lliu 
carried  on  : — 

Rough  waste  cotton,  no  matter  how  fthArt 
the  fiber »  is  cleaned  thoroughly,  dried,  an! 
dipped  into  a  mixture  of  three  ^jarts  sulphvrio 
acid  to  one  of  nitric*  If  the  acids  went  wta.k. 
;  the  cotton  would  dissolve*  With  the  stttsu^ 
acids  used  a  combination  of  the  nitric  add 
and  cotton  ensues,  while  the  snlphurie  add 
takes  up  the  water  left  behind  by  the  nitrio 
acid  and  so  keep.s  the  latter  always  Htrotif. 
There  in  a  row  of  8mall  tanks  fed  with  acids 
through  pipes  from  a  res*;rvoir.  Into  ea<di 
of  the  tanki^  one  pound  of  cotton  t»  dtpp«d, 
care  being  taken  to  immerse  it  all  eomplet^ly. 
It  is  then  taken  out  and  laid  upon  a  grating 
over  the  tank  to  drain,  and  tlkoroiBgUj 
squeezed  by  iron  paddles.  TwcQlj  minsM 
suffice  for  this  operation.  The  cotirnrted 
cotton  now  goes  into  jars,  which  sUad  ti 
water  to  keep  them  cool,  for  much 
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lereloped  in  the  combination.  After  soak- 
ng  kere  for  many  hours,  the  cotton  is  placed 
n  a  rerolring  drum  with  small  holes  in  its 
izterior.  It  whirls  rapidly  round,  and  dis- 
iliargea  most  of  the  spare  acid  by  its  centri- 
fagai  force.  Then  comes  a  very  important 
proceaa  the  washing.  First  the  cotton  is 
thrown  into  a  fall  of  water,  and  a  man 
watches  to  prevent  any  of  it  escaping  instan- 
taneoofl  immersion,  otherwise  the  acid  and 
the  water  would  set  up  an  action  strong 
nHNigb  to  bum  some  of  the  cotton,  or,  at 
least  damase  it.  After  thorough  washing  in 
a  tank  under  the  waterfall  the  material  is 
placed  in  a  vat  to  steep  in  water  for  twenty- 
four  koura ;  then  it  goes  to  a  second  and  a 
third,  and  so  on  for  a  week.  By  this  time 
DO  acid  ia  perceptible.  The  cotton  is  then 
placed  in  a  mill  like  that  used  in  paper- 
making.  The  water  used  to  make  the  pulp 
ifl  slightly  alkaline,  in  order  to  take  np  the 
bat  traces  of  acid.  The  next  operation  is 
drying  again  in  a  centrifugal  machine.  There 
has  now  been  produced  a  gun-cotton  pulp, 
which  has  only  to  be  pressed  into  the  shapes 
moat  conTcnient  for  Its  intended  purpose. 
The  meet  common  forms  are  those  intended 
for  fowling-pieces  and  blasting.  Another  in- 
vention has  lati*ly  been  introduced  to  render 
the  cartridges  impervious  to  damp.  There 
are  30  grains  of  cotton  to  a  gun  of  No.  12 
bore.  One  grain  of  india-rubber  dissolved  in 
80  grains  of  spirit  is  then  used  to  saturate 
the  pressed  gun-cotton.  After  drying,  the 
spirit  evaporates,  and  the  caoachouc  remains 
throughout  the  mass,  completely  preserving 
every  particle  from  damp,  though  eun-cotton 
does  not  deteriorate  by  damp  so  long  as  it 
he  dried  again  before  firing.  Almost  every- 
thing that  is  made  of  gun-cotton  has  a  hole 
through  it  to  facilitate  combustion.  The 
pulp  is  first  prcKscd  in  a  very  wet  state,  and 
then  pressed  yet  smaller  before  drying.  It 
is  finally  dried,  and  put  in  boxes  for  use. 
The  pulp  and  various  shapes  into  which  it  is 
pressed  are  3fr.  Abel's  inventions. 

Such  is  the  manufacture  of  gun-cotton. 
Some  of  its  properties  are  most  curious,  and 
really  deserve  to  be  called  sympathetic.  For 
instance — take  a  loosely-twisted  thread  of 

gin-cotton,  and  lay  it  on  a  flat  table,  carc- 
Uy  drawing  out  a  few  filaments  at  one  end, 
80  as  to  form  a  point.  Light  a  f>niall  piece 
of  wood,  a  match  if  you  will,  but  blow  it  out 
ai  soon  as  the  wood  is  well  inflamed.  Ap- 
proach the  spark  that  remains  delicately  to 
the  extended  filaments.  They  meet  it  and 
begin  to  burD     But  how  '    Very  far  from 


explosively.  The  whole  thread  smoulders 
away  like  touch-paper  so  long  as  no  wind 
blows  upon  it.  But  blow  the  flame  the  least 
towards  the  rest  of  the  thread,  or  even  bring 
a  flat  surface  close  to  it  so  as  to  push  the 
heated  gas  for  one  moment  back  upon  the 
thread,  and  the  whole  goes  off  in  one  flash 
in  the  ordinary  way.  Light  it  with  the 
flame  of  a  match,  the  whole  flashes  off  at 
once.  Go  one  step  farther,  and  ignite  it  by 
a  little  detonating  arrangement,  the  gun- 
cotton  sympathizes  again  and  actually  deto- 
nates. Since  this  curious  property  was  dis- 
covered, it  has  been  found  to  apply  to  gun- 
powder in  a  more  limited  form ;  and  here 
have  we  not  the  long-sought  clue  to  the 
sympathetic  explosion  of  one  magazine  after 
another  even  when  at  considerable  distances 
apart  ?  Neither  a  layer  of  air,  nor  water, 
nor  even  plaster  of  Paris,  will  save  gun- 
cotton  from  detonating  if  there  be  an  ex- 
plosion of  the  same  character  near  it.  Here 
is  a  strange  physical  property  which  will  be 
of  the  utmost  value  in  mining.  It  is  the 
sudden  and  violent  effect  of  nitro-glycerine 
without  its  character  of  treachery  to  its 
friends.  The  miner  has  in  his  charge  of  gun- 
cotton  two  perfectly  different  physical  forces 
stored  up.  He  can  call  either  of  them  into 
life  at  his  will.  Let  him  light  his  piece  of  pre- 
pared rope  with  any  ordinary  flame,  even  the 
explosion  of  gunpowder — the  gun-cotton  will 
give  just  such  a  rending  strain  as  gunpowder 
gives — rather  more  rapid,  but  of  the  same 
nature.  Place  a  small  detonating  tube  in- 
side your  rope  or  leaning  against  it,  ignite 
this,  and  the  gun-cotton  will  explode  w?th 
the  same  rapid,  active,  intensely  local  explo- 
sion, shattering  to  atoms  all  that  is  within 
reach.  The  smouldering  form  of  burning  is 
as  yet  too  delicate  to  be  made  practical  u*«e 
,  of.  The  mildly  explosive  form  is  adapted 
:  for  guns,  the  rapid  shattering  for  any  pur- 
!  pose  where  great  local  effect  is  to  be  pro- 
I  duced,  such  as  shattering  rocks  into  small 
!  pieces,  charges  for  shells,  blowing  down 
I  palisades,  and  generally  breaking  anything 
into  pieces. 

Illustrations  of  the  two   latter  forms  of 
explosion  were  given  abundantly   recently 
(Jan.  22).     After   seeing  the  pn)ccs«scs  of 
[  manufacture,  the  visitors  went  to  the  shoot- 
!  ing-ground  and  not  only  saw  some  practice, 
'  but  ascertained   personally  the  comparative 
effect  of  gunpowder  and  gun-cotton  in  a  fow- 
ling-piece with  small  shot.     The  penetrative 
effect    was   about   equal.      The   gun-cotton 
cartridges  threw  closer,  and  in  a  very  mark- 
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ed  degree.  It  mattered  not  who  took  the 
gun  iu  hand,  the  average  difference  was  al- 
ways about  the  same.  The  recoil  of  the  gun 
AVJis  much  less  with  gun-cotton  than  with 
powder.  This  is  very  well  known,  but  we 
are  disposed  to  venture  a  different  reason 
fur  it  from  the  one  commonly  given.  It  is 
usually  tiaid  that  the  gas  produced  has  to 
move    solid  grains   of    powder  as  well    as 


dbtancCj  about  50  yards.     There  Mruaicd  { 

be  some  doubt  about  the  eifect.     Is  it  i 
ble  that  so  small  a  quantity  of       ' 
could  rend  such  a  mass  even  if  1 
Surely  not  when  it  is  only  laid 
of  an  opening.     The  momeEit  • 
i^4  anxiously  awaited.     A  man  IjghL^ 
and    Tuna    for    his    Ufc.     IhtTe   is  - 
smoke.     Is  the  cotton   burning  a$  t' 


shot.     The  difference  must  be  very   trifling,  I  sample  did  ?     Wail  a  little  yet,     Ti^ 
and  cannot  possibly  account  for  the  extraor- ,  has    not   given  its    sharp    erackiftg    vnmk» 

One  moment  more,  and  then  a  rco^rt  imi  s 
rush  through    the  air  of    mas^^ 
Overhead,  right,  left,  in  front,  c. . 
Soldiers   who    have  known  what  it  i 
under  shell  fire  ducked  to  dodge  a  bl^  ku^|' 
of  knotted  wood  that  sprung  ^34  yard*  ffini 
its  parent  root,  just  clearing  the  hca^Uof  iba 
party.     It  was  only  for  a  moment,  and  tka 
everybody  ran  to  see  what  had   beet^ 
The  whole  great  root  had  simply  b*-  > 
tered  to  pieces.     The  next 
on   a   row  of  palisades  coii., 
trunks,  some  of  them  eighteen  inches  ui  lii* 
ametcr,   and   all   sunk    four    feet   int«  ibt 
ground.     A    long   tree-trunk   lay  toudung 
the  foot  of  the  palisailo,  and  upon  thin  5  Lb«. 
of  gun-cotton  was   laid.     Wires   ctjuu&uiii* 
eating  with  a  magnetic  apparatus  ^"--"^-^  ^^** 
ed  to  a  detonating  tube,  which  v^  ^ 

contact  with  one  of  the  discs  of  gun-ruvi^iiL 
The  time  of  suspenso  was  short,  and  then 
the  explosion  was  heard.  One  mass  of  wooi 
1  only  was  seen  to  plunge  away  from  thtpli' 
sade ;  it  was  the  recumbent  trunk  ttpua 
which  the  cotton  had  been  laid.  Th**  ptli* 
sades  themselves   were  standiiv  i 

good  deal  damaged.    No  praetit  :k  '  b. 

But  there  still  remained  a  long  jipaoe  rf 


dinary  want  of  kick  in  guns  fired  with  gun 
cotton  cartridges.  We  believe  that  the  ae 
tion  of  the  gun-cotton  is  more  local  because 
more  rapid,  and  expands  itself  in  creating 
motion  in  the  particles  near  at  hand  when 
the  explosion  occurs,  rather  than  in  moving 
the  whole  mass  of  the  gun»  This  theory 
6oems  to  be  confirmed  by  the  fact  that  as 
gun-cotton  is  more  diluted  by  inexplosive 
cotton  it  gives  more  recoil.  If  we  are  cor- 
rect in  this  {supposition,  it  is  clear  that  the 
gun-cotton  strains  the  gun  more,  but  fowling- 
pieces  have  generally  a  large  margin  of 
Btrength,  and  the  charge  of  shot  moves  much 
more  readily  than  a  bullet  iu  a  rifle.  This 
supposition  may  also  account  for  the  closer 
[throwing  of  shot  from  the  gun,  for  the 
greatest  pressure  of  the  gas  occurs  while  the 
shot  is  yet  far  from  the  muzzle  ;  hence  less 
tendency  to  separate  at  the  momont  of  leav- 
ing the  gun. 

As  the  first  experiment  against  palisades, 
a  disc  of  gun-cotton,  weighing  about  1  lb  ^ 
OS.,  wad  placed  on  the  stump  of  a  tree  lately 
out  down  and  ignited  by  an  ordinary  piece 
of  miners'  fuse.  At  the  instant  of  ignitii^n 
it  was  enveloped  in  fiame  and  sailed  merrily 

about  for  the  two  or  three  seconds  re«juired  I 
jp,  _  r*^ 1 — .*:„►.        rni „  *,_.,j*.,.^  1  i;i?*.,j  ' 


The  gas  produced  lifted  palisading  yet  untouched,  and  here,  ituteal 


for  its  combustion 

it  up  and  caused  it  to  move.  Then  about 
half  the  quantity  was  pUced  on  the  same 
spot  and  ignited  by  a  small  detonating  tube. 
A  sharpe,  sudden  report  was  heard,  and  the 
stump  was  found  on  inspection  to  be  partly 
penetrated  just  where  the  charge  had  lain, 
while  the  twigs  of  the  bodge  close  by  suffered 
geverely.  On  seeking  for  a  new  illustration, 
ft  large  tree-root  was  seen  which  had  been 
torn  oat  of  the  ground,  and  offered  among  its 
gnarled   and    bossy    structure  a    favorable 

Sosition  to  deposit  a  charge.  One  of  the 
iscs  about  1  lb.  1  oz.  was  accordingly  placed 
at  the  mouth  of  a  small  cave  that  seemed 
inviting.  The  gun-cotton  was  not  buried  in 
the  mass,  but  only  laid  as  it  were  on  a  shelf 
perfectly  open  to  the  air.  The  gentlemen 
present  retired  to  what  they  considered  a  ssafe 


of  5  lbs.,  15  lbs.  were  laid,  partly  built  npoft 
each  other.  The  excitement  V- -7-"  ^'^  is* 
crease.     It  was  the  old  story  ol  -ts 

and  the  guns,  and  now  several  |  M 

have  been  found  to  back  the  pali 
and  wires  were  placed.     K  - 
to  a  safe  distance.     At  Ium 
powerful  crash,  so  unlike   tUu   duU  i-^aa  cl 
gunpowder^  and  thij  time  there  could  be  no 
mistake  about  the  effect.     Huge  logs  w«re 
seen  performing  somersaults  at  gttal^r  or 
IcAs   distanoes   from    the   explosioti,   while 
smaller  pieces,  some  about  a  couple  of 
square,  bounded  like  rabbits  over  the  ' 
On  reaching  the  target  the  effect  apL 
to  have  been  tremendous.     In  come  plactf 
a  tree* trunk  had  been  cut  iu  half  altuooi  ai 
if  with  a  rough  saw,  only  not  so  strAifht. 


VAN  NOSTRAND»S  ENGINEERING  MAGAZINE. 


otbers  the  solid  wood  was  mangled  so 
it  coald  be  pulled  to  pieces  by  the 
Saad.  Tkree  logs  bad  been  cut  down  or 
■luiiihed,  and  it  was  clear  that  no  stockade 
^r  New  Zealand  pah  could  withstand  such 
Jeadljr  effects  for  an  instant. 

And  all   this  had  been  done  by  only  15 
Hm.  of  the  cotton.     Three  times  the  quantity 
vaade   up  into  a  cylinder  could  be  carried 
^ntk  ease  by  a  man  at  a  run,  who  might  also 
drag  tke  ends  of  the  two  wires  as  they  un- 
ve«nd   fVom   a  reel   kept  in  a  position  of 
aafetj.     No  fire  need  be  seen,  for  there  is 
ao  match  to  light.     Surely  plenty  of  volun- 
teers eould  be  fonnd  to  perform  such  work 
ml  iiigbt,  and  so  restore  the  superiority  of 
ciTiliied  man  over  savages  !     It  had  been 
contemplated   to  tie   a  ring  of  gun-cotton 
Tomd  a  living  tree,  and  see  if  it  could  not 
"ht  eat  down,  but  there  was  not  time  enough. 
The  experiments  were  over  for  the  day,  and 
the   visitors   returned   to   London  satisfied 
that  thcj  had  seen  a  most  marvellous  phe- 
nomenon, and  one  which  is  only  a  first  step 
to  a  whole  array  of  novelties  in  the  arts  of 
'  and  of  peace. 


FRENCH  NAVAL  ENGINES 

Haiti  OB  th«  oompftntiTe  ezperimontf  on  throe  oyl- 
Imdn  EagiBM  in  th«  ImperUi  M*rioe»  by  M.  le 
Vioo*AdBiinl  Labronne. 

TnaaUUd  for  "  Vao  Noitnod's  Magaiino  "  from 
<<  Le    G^nie    CiTil." 

(SUITOm'l    XOTICB). 

The  readers  of  "  Annalcs  du  Genie  Civil*' 
will  recall  that  one  of  the  most  important 
questions  connected  with  the  application  of 
•team  to  war  vessels,  has  been  already  dis- 
eosaed  in  our  magazine.  We  refer  to  the 
determination  of  the  relative  merits  of  two 
syneins,  simultaneously  employed  in  our 
navy.  The  one,  derived  from  the  Woolf 
lystem,  (but  which  does  not  make  use  of 
very  high  pressures  nor  of  great  expansions,) 
introduces  the  steam  directly  into  a  central 
cyliu'ler,  during  ^J»^  of  the  stroke,  and  then 
allows  it  to  expand  into  two  other  cylinders 
attached  to  the  first  and  of  equal  capacity. 
The  other  system,  which  employs  steam  at 
a  moderate  pressure,  gives  it  access  to  each 
of  the  three  cylinders  through  ^J^ff  to  ^^q 
of  the  stroke,  according  to  circuinstances. 

Vice- Admiral  Labrousse,  as  the  result  of 
prior  experiments  and  the  most  exhaustive 
theoretical   considerations,    endeavored    in 
the  article  alluded  to,  to  show  that  this  lat- 1 
ler  system   has    incontestable    advantages' 
over  the  former,  both  in  a  mechanical  point  [ 


of  view,  and  in  its  military  relation,  and 
concluded  by  insisting  upon  the  immediate 
abandonment  of  tht;  objectionable  system, 
and  the  transformation  of  its  machinery — a 
matter  of  no  great  difficulty.  The  argu- 
ments of  the  honorable  admiral,  whose  qual- 
ifications in  all  that  relates  to  steam  engi- 
neering nobody  will  venture  to  question,  have 
not,  it  would  seem,  been  regarded  by  the 
directing  administration  as  sufficiently  con* 
elusive  to  warrant  the  instant  adoption  of  so 
sweeping  a  decision ;  but  it  has  seemed  ad- 
visable to  seek  in  new  experiments  a  more 
decided  and  authoritative  comparison  and 
more  accurate  results  upon  so  grave  a  ques- 
tion. During  the  past  summer  many  instruc- 
tive experiments  were  undertaken  by  the 
iron-clad  division  of  the  navy;  the  programme,, 
it  is  but  justice  to  say,  having  been 
arranged  by  M.  Puys  de  Ldme,  the  author 
of  these  same  engines  which  are  charged  with 
inferiority.  In  this  case,  as  in  all  others,  to 
the  partv  on  trial  belongs  the  right  of  the 
last  word  in  his  defense,  until  the  investiga- 
tion is  completed,  and  the  judges  are  ready 
to  render  a  decision.  It  certainly  seems 
that  the  time  for  a  decision  has  fully  come, 
and  any  further  postponement  of  the  issue 
will  look  like  favoritism,  and  can  only,  in 
the  opinion  of  the  admiral,  aggravate  a  situa- 
tion already  most  deplorable,  nay  even  fatal, 
and  upon  which  they  cannot,  in  any  other 
way,  shed  one  ray  of  light.  With  a  view  to 
bringing  home  to  learned  and  impartial  men 
his  own  convictions  in  this  matter,  the  honor- 
able admiral  submits  to  their  judgment  all 
the  steps  of  his  investigation,  the  results  of 
which  supremely  affect  the  interests  and 
honor  of  France,  relating  as  they  do  to  one 
of  the  capital  elements  of  her  military 
power.  If  we  were  to  express  merely  our 
own  opinion,  wo  should  say  that  our  convic- 
tion, already  prepared  by  the  previous  paper 
of  M.  Labrousse,  is  now  complete  ;  for  it 
seems  impo.<4sible  to  oppose  a  single  valid 
argument  to  inferences  so  clear  and  convinc- 
ing. But  it  is  to  the  enlightened  public,  to 
whose  judgment  the  admiral  makes  his 
solemn  appeal,  that  the  right  belongs  of  de- 
ciding between  the  two  opinions  before  it  on 
this   grave  question — Comite  de  Kedac- 

TION. 

The  armored  frigates  Savoie,  Gauloise  and 
Guycnne^  which  form  a  part  of  the  Oceanic 
naval  divisiim,  were  subjected,  a  while  ago, 
to  some  comparative  experiments,  relative 
to  power  and  consumption.  The  Saroie  has 
an  engine  with  three  equal  cylinders,  with 
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direct  &dmiitsioii  into  one  of  them;  tbe 
Gaidoise  has  also  three  equal  eylindera,  bul 
"With  direct  admissioa  into  all  of  them ;  the 
Guyenne  is  furaiahed  with  the  ordinary  two 
cylinder  engine.  The  experiments,  con- 
ducted according  to  a  carefully  elaborated 
programme,  have  been  made  with  the  utmost 
core.  "Nothing  whatever/*  »f%y»  the  re- 
port of  the  commission  presided  over  by 
Bear- Admiral  d'  Hornoy,  **  has  occurred  to 
interrupt  their  course,  or  to  affect,  in  the 
smallest  degree,  their  validity."  We  may 
therefore  consider  the  results  as  having  all 
the  correctness  which  is  consistent  with  the 
official  programme.  In  a  former  paper,  con- 
taining an  examination  of  the  three  cylinder 
engines,  we  had  arrived  at  some  summary 
conclusions,  founded  upon  various  theoreti- 
cal considerations,  which  aroise  from  an  ex- 
hau39tive  discussion  of  the  experiment*  before 
us.     We  put  them  in  the  foUowing  forui : 

If  we  compare  the  new  engines  of  the 
Sarnie  type  with  the  three  independent  cyl- 
inders of  the  Gaidohe  type,  we  must  con- 
42]ude  from  the  foregoing  discussion  that  the 
latter  arc  superior  in  every  respect. 

1.  They  are  on  the  same  footing  with 
respect  to  consumption  of  fuel,  and  yet  the 
latter  have  attained,  with  a  boiler  pressure 
less  than  59  centimetres  [of  mercury],  a 
power  in  excess  of  4,000  horses. 

2.  They  offer  better  security  for  attaining 
a  great  number  of  revolutions,  because  their 
method  of  coupling  is  more  regular  [equi- 
angular], because  the  maximum  pressure 
upon  the  journals  is  50  per  cent  lessj  and 
because  injurious  effects  of  heat  are  less  to 
be  apprehended. 

3.  The  static  equilibrium  of  tho«e  parts 
subjected  to  alternating  motion,  is  more  ex- 
no  t — a  result  of  the  more  regular  manner  in 
which  the  cranks  arc  attached  to  the  shaft. 

4.  To  attain  a  normal  power  of  4,000 
horses,  we  can  in  the  engines  of  the  Gatdoise 
type,  reduce  the  working  velocity  adgptcd 
fur  those  of  the  Fricdiand  or  Savmey  either 
by  increasing  the  pressure  (without  reaching 
even  133  centimetres),  or  by  increasing  the 
admission ;  while  in  the  Friedland  or  Same 
tvpe,  this  power  cannot  be  attained  except 
by  exceeding  the  normal  pressure  of  133 
centimetres,  and  increasing  the  working  ve- 
locity, which  is  already  too  high. 

5.  Finally,  as  the  normal  admission  in  an 
engine  of  the  Gauloise  type,  is  only  -j^i,,  when 
the  boilers  are  deteriorated,  we  can»  with- 
out diminishing  the  power,  employ  a  larger 
admission,  and  thus  work  at  a  lower  pressure, 


th*» 


which  IS  impossible  with  the  new  cag 
which  the  admission  is  already  ^^ 

The   experiments  with    the  anaorrdi 
sels  of  the  Oceanic  division,  have  c« 
these  various  assertions   in   the  ivo^^  < 
plete  manner,  and  all  the  more  con 
because  they   were  conducted  ujk 
gramme  laid  down  by  the  very  autl 
Savaie  type  of  engine*     We  shall 
these  facts  in  a  manner  that   oq^ 
leave  any  doubt  in  the  mind  of  an)  r'%^a, 
however  prejudiced  in  favor  of  the  UtUf^ 
tern. 

Meantime  we  may  venture 
that  our  object  is   only  to  e^^ 
stract  and  general  comparison 
nary  engines  and  established  iv  ■ 
the  Woolf  system,  (properly  *j 
high    pressures,  which    involve   the 
surface   condensers  when   sca-walcr  i»1 
only  available  source  of  supply.     Thifl 
give  rise  to  a  question  which  we  s^r"'^ 
bably  have  occasion   to  touch   npoti 
on,  when  we  come  to   discuss   the 
requirements  of  a  vessel.     Our  pr 
is  less  complex.     In  a  word,  it  auiD^uv.^  (? 
thi^: 

The  French  fleet  contains,  ^  '> 

vice  or  building,  nine  three-cvr  J 

of  a  thousand  nominal  horse-piiKei »  ^^ 
with  independent  cylinders,  and  hcun  wtlk 
direct  admission  into  only  one  cylincier, 
cording  to  a  system  derived  from  the  "" 
principle.  In  all  these  engines  the 
are  fed  with  sea-water.  The  pres^uwia 
boilers  should  therefore  be  limited,  in  dtt 
seven  engines  of  the  second  type,  to 
centimetres — n  maximum,  beyond  i»hick. 
author  of  these  engines  himself  admits 
deposits  of  salt  cannot  be  avoided.  Wbl 
we  urge  is  the  transformation  of  tL 
engines  into  engines  with  direct 
pendent  admission  into  the  three  cjliiii^r:, 
for  the  sake  of  advantages  of  every  kitiA 
mechanical  and  military,  which  undtni»l»l| 
appertain  to  the  latter  class.  The  convr^ 
sion  can  be  effected  w^ith  little  diffitnittv, 
and  without  affecting  materially  thettit«Tii»l 
arrangements  of  the  vessels,  and  we  hire 
already  seen  by  the  analysis  and  di^UHsii* 
of  the  experiments  made  with  the  arra^e^ 
division  of  the  north,  that  delay  in  tki* 
matter  is  no  longer  tolerable.  But  we  p»^ 
ceed  to  our  demonstration. 

1.  ExpeHmeTits  prvting  a  fortimi,  ^ 
/irxt  coTiclusion  ;  greater  poutr  irtiA  l0 
boiler  pressure  oW  ^al  cmsuwiftim  rf 
fuel. 
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TABLE  I. 


KAMB. 

cLZZrA,.     Power,  H.  p. 

116.8 
60. 

2,665 
8,167 

kmloiM 

DUbmce 

66.8 

692 

These  figares  show  at  once  in  favor  of  the 
anloise  an  actual  pow^r  one-fourth  greater 
iA  ftbottt  half  the  pressure. 

The  consumption  of  coal,  in  the  deter- 
Inatioti  of  which  no  possible  means  were 
eglected  which  might  ensure  perfect  exaot- 
Mfcy  are  compared  lu  the  following : 
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The  report  of  the  commission  gives,  for 
the  consumption  reduced  to  three  degrees  of 
saturation,  the  figures  in  place  of 

1,876  1,605  1,463 

1,920  1,579  1,432 

which  are  given  respectively  in  tahle  III, 
and  which  are  marked  hy  an  asterisk.  It 
is  apparent  that  some  sensible  errors  have 
crept  into  the  reductions  made  by  the  com- 
mission, and  we  have  worked  out  the  cor- 
rections, after  having  made  sure,  in  com- 
paring the  total  consumptions,  the  duration 
of  the  experiment,  and  the  horse-power  ob- 
tained, as  set  forth  in  the  tiihlcs  of  the  com- 
mission, that  the  figures  1,940,  1,603  and 
1,454  are  correct. 

It  fippearii  from  the  foregoing  tables  that 
the  advantage  rents  with  the  Gauloise  in 
every  case  but  one,  and  that  with  two 
boilers^ — that  is,  with  one-fourth  the  fires 
ighted — an  exceptional  case,  which  we  have 
never  seen  in  actual  service. 
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With  respcot  to  the  power  developed,  it 
was  diiring  the  trials  of  June  l27th,  1868, 
greater  by  about  GOO  horse-power  (or  one- 
fuurth  greater)  on  the  Gauloise  than  on  the 
Saooie ;  while  the  pressure,  which  was  115.8 
centimetres  on  the  Savoie,  did  not  exceed  60 
centimetres  on  the  Gauloise.  The  first  of 
our  conclusions  is  thus  confirmed,  even  be- 
yond our  expectations;  but  even  though 
the  commission  had  reversed  the  results — 
that  ii  to  say,  even  though  the  Savoie  was 
made  to  show  in  the  report  of  consumptions 
an  advantage  which  properly  belonged  to 
the  Gaidoise^  we  none  the  less  continued  to 
urge  the  conversion  of  engines  of  the  Satoie 
type  into  the  Gauloise  type,  taking  our 
stand  upon  the  following  considerations, 
which  we  explained  in  our  first  paper  upon 
these  engines. 

'*  An  economy  reaching  even  20  per  cent 
(M.  Dupuys  de  Lome's  figures  in  his  note 
to  the  Academy)  is  not  sufiicient  to  com- 
pensate for  the  defects  of  his  engine.  The 
defects  are  all  the  more  serious  because 
their  principles  may  pass  unobserved  in 
time  of  peace  ;  for  the  occasions  on  which 
the  machinery  of  our  war  vessels  will  be 
called  upon  to  develop  their  utmost  power, 
will  be  rare  and  of  brief  duration  ;  but  in 
war,  and  in  the  hours  of  supreme  emergen- 
cy, the  speed,  which,  in  M.  Dupuy  de  Lome's 
engines  requires  the  highest  pressures  and 
a  perilous  velocity  of  the  piston,  will  be 
often  demanded  and  will  be  had  whatever 
the  cost.  Their  dangerous  character  will 
then  be  fully  realized. 

We  proceed  to  examine  our  second  con- 
clusion. The  more  perfect  equality  of  the 
couple  of  rotation  in  the  Gauloise  engine, 
appears  from  the  fact  reported  by  the  com- 
mission, that  the  regular  motion  may  be  re- 
duced down  to  nine  revolutions  [per  minute], 
while  in  the  Savoie  it  ceases  to  be  regular 
at  twelve  turns  [per  minute].  If  the  power 
may  be  regarded,  within  the  limits  compar- 
ed, as  proportional  to  the  cubes  of  the  num- 
ber of  turns,  then  the  minimum  forces  con- 
sistent with  the  regular  performances  of  the 
two  will  be  in  the  ratio  of  729  to  1,728,  or 
as  1  to  237.  The  first  part  of  our  second 
conclusion  then  is  abundantly  warranted  by 
the  experiments  of  the  Ocean  division. 

With  respect  to  the  second  part  of  that 
conclusion,  viz :  maximum  pressures  upon 
the  journals ;  it  is  well  sustained  by  results. 
We  have  elsewhere  demonstrated  that,  sup- 
posing the  mean  pressures  to  be  equalized 
in  the  oylindcrs  of  the  Sacoie^  the  interposi- 


tion of  inertia  would  involve  a  great  incrent  I 
of  relative  pressures  upon  the  jouukt 
This  increment  of  pressure  will  be  greatly  :, 
augmented  in  the  present  case,  because  the 
mean  tensions  of  the  steam  are  widely  tt 
ferent  in  the  different  cylinders.  Finalln 
we  asserted  that  injuries  resulting  from  tM 
high  temperature  of  the  steam  are  less  M 
be  feared  in  the  Gauloise,  We  infer  this 
from  the  fact  that  about  the  same  powers  an 
obtained  on  the  Gauloise  (3,157  horses),  witk 
60  cm.  of  boiler  pressure,  representing  117* 
C,  and  on  the  Savoie  (8,215  horses)  witk 
141.8  cm.  of  pressure,  representing  134'  C; 

Our  third  conclusion  as  to  the  statie  eq» 
librium  of  moving  parts  was  evidently  soiw 
rect  a  priori^  so  far  as  it  applies  to  the  FriA 
laud  type  of  engine,  of  which  the  cranks  m 
attached  at  90  and  135  degrees.  Oa  tkt 
Savoie,  where  the  cranks  are  attached  at  120 
degrees,  (the  same  as  the  Gauloise)^  the  !■• 
feriority  of  the  static  equilibrium  shown  ia 
the  experiments,  results  from  the  diffcreaet 
in  the  tension  of  the  steam  in  the  cylinden, 
which  the  attachment  at  00  and  135  degreei 
is  expressly  intended  to  obviate,  but  is  moii 
injurious  than  useful  in  the  present  ease. 

Our  fourth  conclusion  is  with  refereace  to 
the  means  of  obtaining  great  power  with 
low  pressures  in  the  Gauloise  type.  This 
would  be  evident  enough  a  priori.  But  lo 
show  that  it  is  sustained  experimentally,  it 
may  suffice  to  quote  the  figures.  The  Gau* 
loisc  has  developed  3,544  horse-power  with 
^j  admission  and  88.8  cm.  of  pressure, 
while  the  Savoie  has  developed  only  3,213 
with  141.8  cm.    Comment  is  superfluous. 

There  remains  the  fifth  conclusion,  vii: 
sustained  power  in  spite  of  deterioration  ii 
the  boilers.  The  Gauloise  realised  (ITtk 
of  June)  3,157  horses  with  only  60  cm.  pres- 
sure, while  the  Savoie,  to  realize  an  eqnal 
power  (3,215  horses),  had  to  push  the  pres- 
sure to  141.8  cm.,  and  with  105  cm.  her 
power  reaches  only  2,207  horses  ;  indeed  at 
this  moment  the  boilers  of  the  Magrani/Mt 
(same  engine)  though  in  good  condition  u 
yet,  are  so  weakened  over  the  fires,  that  it 
is  not  deemed  prudent  to  exceed  100  cm.  of 
pressure,  and  the  engine  is  barely  capable 
of  developing  more  than  2,200  horse-power; 
while  if  it  had  belonged  to  the  Gauloise 
type  it  might,  with  this  pressure,  attain 
4,000  horse-power,  as  has  been  experiment- 
ally  shown  in  the  Gauloise. 

Altogether,  the  last  experiments  in  the 
armored  Ocean  squadron  have  brought 
clearly  and  thoroughly  to  light  all  the  de- 
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'e  had  chmrged  upon  the  cnginos  re- 
inirodnoed  into  the  Imperial  marine, 
4tfied  the  conclusions  we  had  formed, 
le  one  of  these  conclusions,  (that  one 
tri  in  favor  of  our  opinion,)  has  not 
»and  e&actlj  in  accordance  with  the 

It  is  that  relating  to  economy  of 
In  view  of  precedents,  we  had  assert- 
t  the  consumption  of  fuel  for  the 
imount  of  steam  generated  would  be 
tbe  same  in  both  types.  In  actual 
Bent  the  Ganloise  showed  a  marked 
age  over  the  Sawie.  In  view  of  re- 
0  complete  and  convincing,  we  need 
nder  that  the  superior  commission  ez- 
L  itaelf  ap  follows  at  the  announce- 
f  it«  conclusions :  *'  The  facts  speak 
BiBselves.  The  comparisons  of  the 
Lypes  of  engines  have,  in  the  opinion 

aaperior  commission,  demonstrated 
rantages  of  the  three  cylinders  with 
Admission  of  the  steam,  &c." 
«  *'th6  facts  speak  for  themselves,'* 
U  mdd  nothing  to  our  argument,  and 
de  bj  saying  that  the  conversion  of 
Savoie  and  Fried  land  engines  into  the 
>jpe,  with  three  independent  cylinders, 
be  DO  longer  deferred. 

Vicb-Admiral  Labroubse. 


L  NARROW  GAUGE  RAILWAY. 

kRtiVLTIIAL  VALLEY  LINE — TWO  FT. 
EN  Ijr.  GAUGE — PARTICULARS  OF 
:    BOAD,  ENGINES,  CARS  AND  WORK- 

CoBpilcd  from  "Engineering." 

railway  connecting  the  valley  of  Brol 
hftt  of  Sieg,  near  Cologne,  of  which  wc 
te  to  give  some  particulars,  is  of  in- 
to engineers  not  only  on  account  of 
.rrowness  of  its  gauge,  which  is  2  ft.  7 
It  also  on  account  of  the  success  with 
its  working  has  been  attended.  The 
saves  .the  Cologne  and  Gicsscu  Rail- 
\i  Hannef,  and  with  the  exception  of 
t  length  near  that  station  it  is  con- 
sd  along  the  line  of  the  ordinary  road, 
iministrative  authorities  having  pcr- 
l  a  width  of  about  4  ft.  8  in.  to  bo 
from  the  latter  for  the  purposes  of  the 

J- 

!  Britelthal  valley  line  was  originally 
led  exclusively  for  the  accommodation 
mineral  traffic  to  the  works  of  Fried- 
/'ilhelm-hutte ;  but  the  inhabitants  of 
rronnding  districts  found  it  to  be  to 


their  interest  to  employ  the  line  for  the  con- 
veyance of  their  goods,  as  the  cost  of  trans- 
portation was  found  to  be  about  66  per  cent 
cheaper  than  by  the  ordinary  roads;  and  as 
a  result  the  line  has  at  the  present  time  a 
considerable  general  goods  traffic.  The 
main  portion  is  about  12}  miles  in  length, 
and  with  the  exception  of  about  g  mile  is 
constructed,  as  wc  have  already  stated,  along 
the  ordinary  road.  At  a  station  called 
Schiineberg,  a  branch  about  1^  miles  in 
length  extends  to  Sanerbach.  The  com- 
pany are  also  on  the  point  of  extending  the 
main  line  from  Ruppichtcroth  to  WaldbrOl, 
a  distance  of  6^  miles ;  and  as  this  portion 
of  the  line  cannot  be  constructed  along  the 
ordinary  road,  the  Prussian  Government 
have  granted  the  company  a  subvention  of 
60,000  francs  (£2,400),  in  return  for  which 
the  company  have  cLgaged  to  establish  a 
passenger  service  over  their  whole  system. 
The  stations  on  the  main  line  are  eight  in 
number.  Besides  these  there  are  watering 
stations  for  the  supply  of  the  locomotives. 
All  the  buildings  are  of  the  simplest  kind, 
and  the  arrangements  for  supplying  water 
to  the  locomotives  consist  simply  of  wooden 
cisterns  filled  by  hand  pumps. 

The  railway  follows  exactly  the  course  of 
the  road,  and  it  includes  curves  of  38  meters 
(124  ft.  8  in.)  radius,  and  inclines  of  1  in 
80.  The  line  is  always  carried  on  the  most 
dangerous  side  of  the  road,  and  it  occupies 
a  width  of  4  ft.  8  in.,  the  total  width  of  the 
road  being  24  ft.  9  in.  Permission  has  also 
been  given,  in  case  of  a  new  line  being  laid 
down,  to  increase  the  width  occupied  to  6  ft. 
The  upper  sides  of  the  rails  arc  on  a  level 
with  the  footpath,  and  at  intervals  channels 
are  provided  for  the  escape  of  the  drainage 
water.  Near  Henncf,  the  line,  together 
with  the  road,  passes  over  the  river  Sieg  on 
a  wooden  bridge,  which  was  constructed  at 
the  expense  of  the  company,  but  of  which 
they  keep  in  repair  only  that  portion  tra- 
versed by  their  line,  paying  for  the  mainte- 
nance of  the  remainder  an  insignificant  an- 
nual sum. 

At  Henncf  the  Cologne  and  Gicssen  line 
is  above  the  level  of  the  surrounding  soil, 
and  a  siding  serves  to  conduct  the  larger 
wagons  to  hoppers,  into  which  the  minerals 
are  discharged,  and  from  which  they  are  de- 
livered into  the  wagons  of  the  Broelthal 
valley  line.  At  the  basement  of  the  range 
of  hoppers  are  the  goods  offices,  and  a  run- 
ning shed  and  turn-table  for  the  locomotives, 
and  a  weighing  machine. 
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The  line  ia  worked  by  two  small  tank 
loeomotiTes.)  these  enginea  running  alternate 
weeks.  These  locomotives  were  conatrueted 
nt  Carkrnhe.  They  have  six  driving  wheels 
in  a  rigid  frame,  and  outside  cylinders*  The 
principle  dimeuaions  arc  as  follows  i 

fl.     In, 

Drnmeter  of  cjljndcm *,,..-,.     0    lOif 

Stroke  .,....,..-.., 0    10 

Diameter  of  wheels ..,...,*     2      8| 

]Jiftt4iiice  between  centem  of  lead  lag  and 

driving  wheels . ^     3      8| 

Distance  between  centers  of  driving  and 

trailing  wheels   », , ,, ^     2     11 

Total  wheel  base .  * , ->.... 6      7i 

Bimneter  of  barrel  of  boiler .  • 2    9J 

Kuinber  of  tubes.  .<*.....,, 78 

Length..,..,...- 6      7 

Dlamelcsr , 0      1.88 

Length  of  firegrate ........     2      4 

Width  .,- ,,,,..     1      fli 

Htaiing  turfaee^ 

TubcB* . .  *  i 147  nq.  a. 

Fire-box  ..•.,..- ,       27      " 


Total 


174 


Area  of  flre-grate ...--,*..     4 j  sq.  ft . 

PreKHure  of  steftni ©0  lb.  per  sq  Jn. 

Wciglit  of  engizie  in  workiag  order  ....   124  ^^°s. 

The  wagons  employed  on  the  line  are  al- 
most all  of  the  following  dimenaions,  etc. ; 

ft.    in. 

Length  of  bcniy ,*,..,  10    2 

Width.. 4    6 

(In  the  new  stock  this  %ridth  will  bo  in- 
creafled  to  5  t't.  4  tn.) 

Mean  depth  of  body  about .,.,,, * .  *     5    3 

Dinmeter  of  the  wheels 2  ft.  6J  in.  to    8    1 

Whe^lbuse 4  H-  6  in,  to    6    2 

DUiuetcr  of  axtes. 3  in.  to    0    3| 

Weight  cnijitj' ...  ^ .... . 2|  ti>ns. 

Load  csirricd  ....,..,«,»,*......  6      '  * 

Total  weight  Joaded  ...........  7i    *' 

Weight  jier  wheel  ....,,..,,....   1]    ** 

Cost  jjer  wugun .....*..  £56  to  £92. 

The  bottoms  of  the  wagons  incline  from 
the  center  downwards  towards  each  side,  eo 
aji  to  diticharge  the  minerals  through  side  j 
doors.  The  longitudinal  frames  of  the 
wagons  arc  of  iron  of  channel  section ;  and 
the  springs  are  arranged,  as  nsual^  above 
the  axle  hojies,  the  latter  being  protected  by 
flaps  of  leather  or  canvass,  as  on  ballaBt 
wagon  a,  to  prevent  the  dust  from  the  mine- 
ralsi  when  the  latter  are  discharged,  getting 
to  the  hearings.  The  wagons  have  eentral 
buffers  placed  above  the  draw  hooks,  each 
buffer  rod  being  connected  with  the  corres- 
ponding draw  bar  by  a  lever,  so  that  the 
draw  spring  serves  also  as  a  buffer  spring. 
The  draw  springs  are  of  india-rubber.  Some 
of  the  wagons  have  cast  iron  disc  whcela 


without  tyres^  whibt  others  k?e  vkAi 
the  ordinary  kind  with  tyres  d  ^ 
steel.  At  first  the  wagous  were  m. 
one  wheel  of  each  pair  loose  on  tli 
but  the  results  were  not  found  tok 
factory,  and  the  plan  was  theref^ie 
doned. 

The  line  Is  laid  with  rails  of  tbe 
ing  dimensions :  Depth  of  rails, 
width  of  the  top  table»  1^  in, ; 
base,  2|  in. ;  thickneae  of  th«  web, 
weight,  from  22  lb.  to  26  lb,  per  jui 
rails  vary  in  length  from  14  ft.  9  b. 
ft,  8  in.,  and  they  are  carried  upoi 
verse  sleepers  of  oak,  4  ft,  2  in.  loag,  I 
wide,  and  5|  in,  deep,  placed  at  a  ^i 
apart  of  2  ft.  from  center  to  ceniei.  h 
case  of  the  sleepcra  at  the  joints,  the 
is  increased  to  S  in.  The  raib  afe 
to  the  sleepers  by  spikei,  and  they  are 
nee  ted  by  fisb-platea  12|^  in.  long,  heM 
four  bolts  ^  in.  in  diameter.  Tl^  gaia£§ 
the  line  is,  as  we  have  already  stated,  i  & 
7  in.,  but  on  curves  of  40  meters  (131  ^t 
in.)  radius  the  gauge  is  increased  to  2  ft.  71 
in.  The  superelevation  of  the  exUriarid 
on  these  curves  is  from  |  in.  to  ^  ia.  i 
trial  was  made  on  the  curres  of  small 
of  ordinary  flat-footed  r&ilsj  weighii^  71 
per  yard,  laid  without  croas  sleepcn. 
the  experiwcnt  was  not  succes^fuL  Fomi- 
crly  also  movable  rmtb  were  naed  toiieil 
of  the  regular  points;  but  now  erdiatiy 
switches  are  employed.  The  erosslu  iii 
made  of  hard  cast  iron.  The  extesiMi  d 
the  line  from  Kuppichteroth  is  to  h  Ul 
with  raiU  weighing  84  lb.  per  yard^  bat  tk . 
distance  between  the  sleepeis  la  to  be  i^^ 
creased,  and  they  are  to  be  plaeed  at  a  pHA 
of  2  ft.  Hi  in.  from  center  to  center,  Tk 
rails  laid  on  the  main  liue,  between  Hemtf 
and  Ruppichterotb,  cost  J£S  I8e*  per  tM, 
and  the  fish  plates  £12  12s.  per  ion.  Aboil 
1,5  tons  of  rails  and  1,000  sleepers  art  wl 
annually  in  keeping  up  the  line. 

We  must  now  say  something  eoneemifif 
the  manner  in  which  the  line  id  worked,  ad 
its  commercial  results.  The  usual  loil 
drawn  by  the  engines  consists  of  2S  wa|00t 
loaded  with  five  tons  each,  giving  140  tm 
of  payiiig  load.  The  total  weight  of  tfci 
train  is  thus,  as  follows : 

Tom- 
Locomotive l^ 

Wagons. 70 

Load  in  wngons  .............,«>..•  140 

2£2| 
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id  that  the  engines  can  easily 
ed  wagons,  but  the  above  is  the 
The  speed  on  the  level  portions 
Is  a  little  over  nine  miles  per 
1  traversing  those  portions  of 
rhich  there  are  habitations,  this 
Teased  to  aboat  5^  miles  per 
ise  of  meeting  a  vehicle  with 
customed  to  the  passage  of  the 
le  rule  to  stop,  and  by  means  of 
rhich  are  in  charge  of  five  men, 
be  brought  to  a  stand  in  a  dis- 
it  130  ft. 

rain  b  run  over  the  line  each 
This  train  leaves  Hennof  at 
arrives  at  Ruppichteroth  at  8. 
)arting  from  the  latter  place  at 
arriving  a^ain  at  Hennef  at  4 
line  is  worked  with  but  a  small 
nanaging  director  is  M.  Gust- 
des  at  Cologne,  and  who  is  also 
director  of  Friedrich-Wilhelm- 
^e  line  is  in  the  special  charge 
,  who  bears  the  title  of  inspec- 
»6e  head-quarters  are  at  Hen- 
book-keeper  is  also  employed, 
inspector  is  stationed  at  Schone- 
ree  men  are  employed  in  keep- 
le,  one  of  them  receiving  1.875 
18d.),  and  the  two  others  1.8 
r  less  than  15d.)  per  day.  The 
;e  of  the  train,  and  their  wages, 
s: 

8.    d. 

rer 8    Ij  per  day. 

18        " 

2    1        " 

,each 17        " 

no  signalmen  employed  on  the 

landiso  transported  is  divided 
ises,  which  are  carried  at  differ- 
the  goods  comprised  in  the  first 
lose  least  liable  to  injury.  The 
follows : 

Charge  per  ton 
for  the  entire 
distance. 
8.    d. 

I,  limestone,  otc 7    0 

ne,  iron,  bricks,  etc 8    0 

tdfraits 0    6 

oeouB.    (The  tariff  for  this  class 
according  to  the  weight.) 

I  belonging  to  the  three  first 
Q  addition  to  the  above  tariffs, 
ized  charge  of  4d.  per  ton  for 
unloading.  During  the  year 
est  year  of  which  we  have  de- 
Urs)  the  total  quantity  of  goods 


carried  over  the  line  amounted  to  32,709 
tons,  this  quantity  being  divided  as  follows: 


Class. 

From  Rup- 
pichteroth 
towards 
Hennef. 

From  Hen- 
nef towards 
Ruppichte- 
roth. 

Total  tonnage 

for  each 

class. ' 

1st 

2d 

8d 

4th 

Tons. 

27,970 

844 

140 

60 

Tons. 

2.860 

840 

886 

166 

Tons. 

80,836 

1,184 

476 

216 

28,609 

4,200 

82,709 

The  total  receipts  for  the  transport  of  the 
above  quantities  of  goods  was  £2,800,  show- 
ing an  average  charge  of  a  little  over  Is.  8d. 
per  ton ;  while  the  working  expenses  during 
the  year  were  £1,452,  of  which  £120  was 
fairly  chargeable  to  the  succeeding  year. 
The  difference  between  receipts  and  expen- 
diture, available  for  interest  on  original  cost, 
etc.,  was  thus,  £2,800— £1,332=£1,468. 
The  working  expenses  were  divided  as  follows: 

£ 

Charges  for  management 160 

Traffic  charges 188 

Cost  of  traction 428 

Station  charges 177 

Maintenance  of  way 284 

Maintenance  of  rolling  stock 216 

Miscellaneous 69 

£1,462 

During  the  year  1867  the  receipts  amount- 
ed to  £2,584,  and  the  expenses  to  £1,301, 
leaving  a  balance  of  £1,283  available  for 
dividend,  etc.  The  total  cost  of  the  lino 
and  rolling  stock,  etc.,  has  been  as  follows : 

£ 

1 .  Permanent  way  of  main  line 9,114 

2.  Bridge  over  the  river  Sieg  with  ac- 

cessory works 8,698 

8.  Branch  line  to  Sancrbach 1,676 

4.  Stations  and  depots 8,863 

6.  Locomotives  and  rolling  stock  •  •  •  •  4,166 

6.  Greneral  stores 606 


£22,817 


The  total  cost  was  thus  about  £1,526  per 
mile  for  the  total  length  of  the  line.  The 
sum  given  under  the  fi^th  head  is  divided  aa 
follows : 


2  Locomotives  with  spare  wheels 

29  Wagons  without  wheels  and  axles. . 

101  Axles  with  wheels 

Accessories 

Toola,  etc 


£4,105 
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The  estimated  cost  of  the  extension  of 
the  line,  a  distance  of  6^  miles,  to  Wald- 
brul,  is  £9,490. 


THE  SOCIETY  OF  ENGINEERS  AND  ASSO- 
CIATES. 

Without  discussing,  at  this  time,  the  ob- 
jects and  duties  of  institutions  of  engineers, 
we  merely  wish  to  call  attention  to  the  fact 
that  this  New  York  Society  is  in  some  re- 
spects differently  organized  from  many 
others,  and  that  it  han  in  some  respects 
done  the  best  work  of  any  of  our  societies. 
The  movement  which  created  the  present 
Society  of  Engineers  and  Associates,  had 
its  origin  rather  in  a  feeling  of  what  ought 
to  be  done  in  this  direction,  than  in  a  con- 
viction that  the  time  had  come  when  such 
things  could  be  done.  Its  present  success, 
however,  proves  that  it  has  one  essential 
and,  among  us,  almost  new  element  of  life 
in  it,  viz :  that  its  meetings  are  attractive. 
Of  course  the  purest  science  and  the  dry  est 
formality  are  the  correct  theoretical  features 
of  engineering  meetings,  but  the  first  society 
in  the  worlds — the  Institution  of  Civil  En- 
gineers in  London — does  not  dispense  with 
those  appeals  to  taste,  both  scsthetical  and 
physical,  that  are  found  necessary  to  bring 
men  together  for  almost  all  purposes  except 
daily  and  routine  business.  In  a  new  coun- 
try, especially  when  the  results  growing  out 
of  association  for  scientific  purposes  arc  not 
direct  and  immediate,  the  right  men  are  few 
and  scattered,  and  if  not  full  of  engage- 
ments in  the  evening,  as  well  as  in  the  day, 
they  are  glad  enough  to  devote  the  few  un- 
occupied hours  to  recreation.  Now,  a  stiff 
meeting,  in  an  upper  room,  with  a  bad  light 
and  worse  air,  is  not  likely  to  attract  the 
overworked  engineer.  He  may  attend  from 
a  sense  of  duty,  but  as  a  rule  the  engineers' 
meetings  of  a  city,  thus  meagerly  provided 
with  a  professional  home,  will  consist  of  the 
gathering  together  of  two  or  three  in  the 
comfortable  study  of  a  fourth.  But  while 
such  gatherings  lack  the  grand  element  of 
numbers,  in  which  there  is  strength,  they 
possess  the  equally  essential  element  of  at- 
tractiveness. Now,  by  combining  the  two, 
men  will  come  in  numbers,  and  getting  the 
men  at  stated  times  is  three-quarters  of  the 
battle.  When  they  see  their  peers  about 
them,  they  will  not  be  long  in  organizing 
ways  and  means  to  get  at  the  information 
there  is  in  them.  Proceeding  upon  this 
principle,  the  Society  of  Engiaccr^  and  As- 


sociates have  held  their  monthly  mectiip 
in  a  parlor  at  Delmonico*s.     WhUe  the 
ceedings  arc  purposely  informal,  rather  tW' 
rigidly  parliamentary,  they  are  not  uvletf 
nor  desultory.     The  membership  is  n&deif 
of  the  principal  engine,  machinery  andiki^ 
builders  of  the  city,  and  there  ib,  therefore 
no  lack  of  subjects  upon  which  informatioi 
is  wanted  and  can  be  given.     Nor  an  pf» 
fessional    subjects    alone     considered.    A 
great   object   is   to   promote    good  Man 
among  the  members,  and  harmonioiu  aetiii 
in  the  business  and  enterprises  they  wpi^ 
sent.     An  attractive  meeting  place,  taiai 
agreeable  supper  after   meeting,  are  will 
features  of  the  plan.     Anglo-Saxons,  espe- 
cially in  England,  find  it  necessary  to  HU 
together  in  order  to  accomplish  any  eBte^ 
prise  in  which  several  interests  are  auoeiil- 
ed.     But  the  parliamentary  features  are  Ml 
wanting.     There  are  standing  commitleei, 
having  chairmen   and   secretaries,  to  look 
after  the  various  interests  represented,  ni 
to  prepare  business  for  the  general  action  d 
the  Society.     Thus  the  meetings,  to  whiek 
it  is  specially  desirable  to  attract  the  taleit 
and  learning  that  would  otherwise  Bttj  it 
home,  are   relieved   from  the  formilitj  of 
preparatory  business,  and  the  discnssiflo  of 
special,  local,  and,  to  the  professional  |ml^ 
lie,  uninteresting  details.     At  a  mere  Bom- 
inal  fee  of  $10  per  year,  proper  persons  no* 
residing  in  New  York  are  admitted  to  the 
Society.      The   annual   meetings  (the  last 
Thursdays  in  January)  are  of  a  more  gene- 
ral and  entirely  social  character.     The  last 
annual  meeting,  at  Delmonico^s,  called  out 
a  greater  number  of  professional  men«  espe- 
cially in  mechanical  engineering,  than  wo 
remember  to  have  evor  seen  collected  before 
in   this   country.      It   included   prominent 
!  builders  from  neighboring  cities,  and  promi- 
jnent  officers  of  the  Army  and  Navy,  and 
!  distinguished  scholars   from    our  scientifio 
i  schools.     Altogether  it  was  more  like  a  eon- 
I  versazione  of  the   Institution  of  Civil  En- 
i  ginoers,  in  London,  than  any  gathering  tbat 
;  has  heretofore  taken  place  on  this  side  of 
i  the  Atlantic.     In  this  way,  in  addition  to 
i  its  more  local  and  business  labors,  the  So- 
[  eiety  of  Engineers  and  Associates  is  doing 
I  great  good,  by  attracting  together  the  right 
'  men,  promoting  acquaintance  and  good  feel* 
j  ing,  and  thus  actually  skotoing  people  more 
in  a  few  hours,  of  the  usefalness  and  possi- 
bility of  a  more  perfeot  and  eomprehenslTO 
organization,  than  could  bo  taught  them  bj 
years  of  individual  theorizing. 
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LOCOMOTIVES  FOR  HEAVY  GRADES. 

A   NEW   SYSTEM. 
XkmuUtfd  and  eondensed  from  Poljt.  Centralblatt. 

We  find  in  the  history  of  the  locomotive 
only  an  astonitihing  development  of  con- 
Btmctions,  hased  on  the  principles  of  Trevi- 
thik  and  Stephenson,  but  also  a  great  num- 
ber of  systems  which,  like  those  of  Murray 
and  Blenkinsop,  affect  the  locomotion  of  the 
mgine  by  means  of  a  rail  with  spur-gearing 
lying  in  the  middle  of  the  tmck  (mid-rail), 
mr  in  some  other  similar  manner,  thus  to 
•sable  the  locomotive  to  ascend  heavier 
grades.  Baldwin,  of  Philadelphia,  built  in 
1848,  two  engines  according  to  this  plan, 
lor  the  Madison  and  Indianopolis  railroud, 
and  afterwards  some  engines  with  horizontal 
driving-wheels  for  smooth  mid -rails  wore 
oonstmcted  by  Sellers,  for  the  Panama  rail- 
road. Recently,  Fell  made  the  bold  at- 
tempt to  construct  a  temporary  railroad  with 


to  the  thread  of  the  worm-wheel.  They 
are  laid  in  couples,  the  two  rails  of  each 
couple  touching  each  other  at  an  angle  in 
the  middle  of  the  track,  and  reaching  on  the 
other  hand  the  vicinity  of  the  interior  faces 
of  the  track -rails.  They  are  nearly  five 
feet  apart.  As  these  couples  of  transverse 
rails  are  strengthened  by  cross-beams  inside 
the  angle,  the  whole  track  has  about  the  ap- 
pearance of  two  parallel  lines  between  which 
a  succession  of  letters  A  are  inscribed  one 
above  the  other. 

The  described  mechanism  is  not,  however, 
intended  to  give  motion  to  the  engine  ex- 
clusively, nor  to  act  under  ordinary  circum- 
stances. When  on  moderate  gradients,  and 
in  favorable  weather,  the  friction  of  the  or- 
dinary driving-wheels  is  sufficient  to  over- 
come the  exis»ting  weight  of  the  train,  the 
engine  moves  on  in  the  usual  way  and  the 
worm-wheel  does  not  touch,  or  scarcely 
touches  the   guide-rails.     But  as  soon  as, 


Tory  heavy  grades  and  sharp  curves  over '  under  less  favorable  circumstances,  this 
tbe  Mont  Ccnis,  in  using  a  similar  system.  I  fn<i^tion  becomes  insufficient,  a  sliding  of  the 
However,  as  the  success  of  Fell's  arrange-  j  driving   wheels  takes   place,  by  which  the 


nents  has  become  more  and  more  doubtful 
of  late,  the  heavy  grade  problem  is  attract- 
inj^  once  more  the  attention  of  engineers. 
With  a  view  of  solving  this  problem,  K. 
Wetli  has  published  a  pamphlet  containing 
an  elaborate  exp<ise  of  a  new  system,  a  gen- 
eral idea  of  which  we  intend  to  give  our 
roadcrs  in  the  following  lines : 

Wetli's  system  has  a  distant  resemblance 
to  one  of  the  older  schemes  of  railway 
and  locomotive  construction  for  heavy  grades. 
According  to  this  older  scheme,  a  short, 
strong  screw,  attached  to  the  engine  below 
its  frame,  and  situated  parallel  to  the  track, 
18  tamed  by  steam-power  and  works  itself 
along  a  concave  mid-rail  with  obli((ue  inden- 
tations, thus  pulling  the  engine  forward. 
Wetli's  locomotive  is  also  provided  with  a 
kind  of  a  screw  or  rather  a  double  worm- 
wbeel,  which,  however,  is  placed  at  a  right- 
angles  to  the  track,  its  axis  being  about 
eighteen  inches  above  the  level  of  the  rails. 
It  coubistrt  of  two  strong  screws,  one  right, 
the  other  left-handed,  both  fixed  to  the  same 
axle,  touching  each  other  in  the  middle  of 
thid  axle,  and  extending  almost  over  the 
whole  width  of  the  track.  This  worm. 
wheel  recoivcs  its  motion  by  a  connection 
with  the  driving-wheels  of  the  engine.  Its 
object  is  to  help  the  engine  along  on  steep 
gndicDts.  For  this  purpose  straight  guide- 
rub  are  laid  between  the  ordinary  track- 
laild  in  a  transverse  position,  corresponding 


thread  of  the  worm-wheel  is  brought  in  con- 
tact with  the  transverse  guide-rails,  and 
from  this  moment  the  driving-wheels  aud 
the  worm-wheel  begin  to  work  conjointly. 
These  are  the  general  principles  of  tliis  new 
system,  according  to  the  account  given  in 
Wetli's  pamphlet.  The  inventor  and  author 
further  relates  in  an  ingenious  and  appa- 
rently successful  manner,  tne  principal  objec- 
tions that  might  be  made  to  his  system,  and 
finally  claims  for  the  latter  the  following 
advantages  : 

1.  The  wagons  of  ordinary  railways  can 
pass  unaltered  on  the  track  of  the  new  S3'stcm. 

2.  The  locomotives  of  the  new  system  can 
pass  un-iltered  on  ordinary  tracks, 

3.  The  working  capacity  of  the  locomo- 
tive is  fully  utilized,  because  its  power  of 
traction  can  be  and  is  considerably  increased 
at  the  expense  of  its  velocity  at  any  such 
time  and  to  such  an  extent  as  the  circum* 
stances  require. 

4.  The  rate  at  which  the  current  working 
expenses  rise  with  the  gn*ater  steepness  of 
the  road,  is  considerably  less  in  the  new 
system  than  in  the  one  actually  in  use  on 
the  Mont  Cenis  railroad. 

5.  The  running  of  the  trains  is  not  de- 
pendent on  the  weather  or  other  exterior 
circumstauoes,  and  all  irregularities  in  the 
service  of  the  road  that  might  otherwise 
result  from  this  cause,  are  thus  avoided. 


448 


VAN  NOSTRAND'S  ENGINEERING  MAGAZINE. 


EFTECTS  OF  PHOSPHORUS  IN  mONAND 

STEEL 

From  ft  pupor  roftd  b«foro  the  Chemical  Sociflty  "  On 
iliA  ConuectioQ  between  iho  Mechanical  quatitici  of 
Matleuble  Iron  and  Steely  and  tboaiuount  of  Pbog- 
fihorui  they  contain^^*  by  Dr.  B.  H.  Paul,  and 
tb«  emuing  diAcuuion. — '^^  Chemical  Newfl,'' 

It  is  generally  considered  that  very  bid  all 
qaaatities  of  pliospb<[>rus  in  ni^illeable  iroa 
and  steel  iire  most  prejudicial  to  the  quality 
of  the  metal.  Quite  recently »  an  eminent 
metallurgist  has  stG.ted  as  a  fact  that  much 
less  than  ,3  per  cent  of  phoj^phorus  pro- 
duces a  decided  and  injurious  effect  on  steel. 
The  author  has,  however,  been  unable  to 
discover  any  evidence  sufiicieiit  to  justify 
ench  ft  conclusion,  and  still  less  any  reason- 
able explanation  of  it.  He  has  recently  had 
an  opportunity  of  tee  ting  the  truth  of  this 
conclusion,  by  determining  the  phosphorus 
in  some  samples  of  the  iron  and  steel  made 
by  the  new  nitrate  of  soda  process  from  Bri- 
tish pig-iron  known  to  contain  phosphorus. 
8even  bars  of  iron  and  two  bars  of  steel, 
made  by  the  Beaton  process,  were  examin- 
ed ;  their  tensile  strength  anil  extension  had 
been  determined  by  Mr.  Kirkaldy.  The 
iron  bars  had  a  tensile  strength  of  from  W^- 
547  to  52,824  lbs.  per  squaro  inch  of  area, 
and  an  extension,  when  subjected  to  tltts 
strain,  of  from  21  to  28,6  per  cent  of  their 
length.  The  two  cast-steel  bars  had  tensile 
strengths  of  80,1^16  and  lur>,002  lbs.,  and 
extended  8.3  and  13,7  per  cent  of  their 
lengths.  In  the  iron  bars,  the  author  found 
•144  to  ,38  per  cent  of  phosphorus  (average 
,237  per  cent),  and  in  the  two  steel  bars  .24 
and  .241  per  cent.  The  author,  therefore, 
thinks  himself  justified  in  asserting  that  the 
commonly  reoetved  opinion  on  this  gubject 
does  not  always  represent  the  truth. 

Professor  Miller  has  had  opportunities  of 
examining  some  of  these  steels.  It  fact^  ho 
might  say  that  Dr,  Paul's  experiments  had 
been  suggested  by  himself.  Ho  had  found 
in  some  oareful  analyses  of  his  own,  very 
nni'sual  quantities  of  phosphorus,  even  in 
aamples  of  high  class  iron — iron  which  work- 
ed well  cold,  and  also  at  a  red  and  bright 
yellow  heat.  It  could  hardly  be  doubted 
that  in  mauy  statements  of  the  composition 
of  iron  the  amount  of  phosphorus  found  had 
been  too  low.  The  old  method  of  estimat- 
ing the  phojiphorie  acid*  which  involved  the 
Wowing  it  down  as  iron>salt,  was  unrelial>le. 
pbospho*moIybdate  proces**,  employed 
Bggort*.  was  undoubtedly  the  best;  but 
•voa  this  required  the  greatest  care  to  avoid 


getting  too  low  &  proportion  of  phof^hi 
acid*  It  was  very  difEcult  to  ensure  tW  i 
tire  precipitation  of  the  phosphi>ni-»:t^„l . 
One  thing  was  clear  from  these  ♦ 
namely,  that  the  presence  of  fr>M*i  iv,*. 
three  parts  of  phosphorus  in  l,OlM>  ijf  i 
was  not  so  detrimental  aa  w«a  generally « 
posed. 

The  President  inquired  how  the  ph 
rus  existed  in  the  iron,  and  the  form  ti 
it  was  eliminated  during  Heaton'^  pi 

Professor  Miller  could  not  speak  ^ 
tainty  of  the  condition  of  pbo^iphorus  ml 
iron;  it  probably  existed  as  phosphide* 
was,  however,  most  certainly  eliminated'! 
the  form  of  phosphate. 

Dr.  Price  remarked  that  there  wa«  i 
ing  new  in  the  statement  that  such  ti"-*"^*^ 
ties  of  phosphorus  might  exist  in   w 
iron,  but  that  with  regard  to  st<^el  he  K 
to  learn    that  .24    per  cent  of  pht.»^{        i* 
could  be  present  without  injuriug  ili    i  •    .1 
With  regard   to  methods,  he  beh   -  i        i 
the  one  at  present  in  use  was  ab^ 
rect,  that,  namely,  in  which  the  ; 
was  separated  as  phosphate  of  ir 
determined  with  magnesia.     Thi 
method  was  excessively  tedious. 

Mr,  Forbes  said  that  in  Sweden  they  wfloli 
not  receive  for  making  steel,  iron  that  roe* 
tiiincd  .1  per  cent  of  phosphorus.  Uutf 
works  had  had  to  stop  for  want  of  att$  imk 
were  free  from  phosphorus.  For  one  tria« 
of  Buehore  there  were  ten  which  yiehb  •!  c»r« 
oontaining  phosphorus,  and  they  would  mM 
gladly  use  it  if  they  could.  He  could  tuA 
agree  with  Dr.  Miller  that  the  amoiim  «{ 
phosphorus  in  iron  was  under^osti mated*  Xh 
molybdate  process  was  thoroughly 
stood  in  Sweden,  and  had  licen  io 
1856.  Errors  in  the  estimaticni  cif 
phoruB  could  not  be  due  to  IgnorAifco*  \ 
method. 

Professor  Milter  explaiueil  Utal  b« 
meant  to  say  that  the  molybdate  proot^aaj 
quired  care.  No  doubt  the  reaultji  obtn' 
by  KjigertE  were  perfectly  oorreei.  In  J 
awer  to  the  President,  Professor  Miller  i' 
gave  a  short  account  of  the  Heaton  pr 
A  quantity  of  the  niter  was  placed  ibI 
wrought-iroQ  pot  lined  with  fire*clay;  «» 
this  was  put  a  perforated  plate  of  iroiH 
and  12  cwt.  of  melted  coJit  iron  from  a  /*uf 
ola  furnace  were  then  introduced,  w' 
and  lime.  During  the  rttaetion.  fum 
white,  then  brown,  next  gray,  were  eveli 
A  violent  flame  and  a  roaring  noiae  altea 
upoQ  itr    When  again  iratiqiiil«  tbo 
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a  emptied  on  the  floor  of  the  farnace ;  the 
ig  no  out  and  the  pasty  mass  was  pressed 
iwe^  rollers.  He  was  unahle  to  tell  the 
oportion  of  phosphorus  in  the  slag.  The 
Me  cast  iron  employed  contained  1.48  per 
■t,  and  the  cast  steel  obtained  under  .3 
r  cent.  A  part,  at  least,  of  the  phonpho- 
I  lost  was  certainly  to  be  found  in  the 

fir.  Paul  quite  agreed  with  Mr.  Forbes 
al  Swedish  steel  was  free  from  phosphorus. 
I  fitr  as  he  could  learn,  there  was  no  other 
idence  in  proof  of  the  injurious  action  of 
loaphoms  on  steel. 

}ES  IRON  IN  BRIDGES  DETERIORATE? 

IB  HAMMKR8MITH   SUSPENSION   BRIDQS. 
From  **  Tho  Engine«r.'> 

A  Terj  interesting  question  has  been  put 
the  publio  in  general,  and  to  engineers  in 
irtiemmr,  by  the  Secretary  of  the  Royal 
anaBo  Society,  through  the  medium  of 
m  *•  Times.*'  This  gentleman  has,  it  ap 
«n,  remarked  on  the  occasion  of  more 
MM  ooe  boat  race,  that  the  pretty  suspen- 
M  bridge  at  Hammersmith  is  taken  posscs- 
90  of  by  an  excited  crowd  standing  as  close 
mibly  as  men  can  stand ;  and  he  has  fur- 
er  perceived  that  on  the  passage  of  the 
Qtending  boats  beneath,  this  crowd  surges 
MB  one  side  of  the  bridge  to  the  other, 
id  eanses  it  to  oscillate  violently,  as  in  the 
laner  of  suspension  bridges  on  compara- 
rely  alight  provocation.  He  has  heard 
at  in  process  of  time  iron  crystallizes  and 
eomea  brittle  under  strain.  He  is  aware 
at  Hammersmith  Bridge  has  been  built  a 
IS  time,  and  strained  and  shaken  not  a 
tie;  be  fears,  therefore,  that  the  quality 
the  iron  has  been  deteriorated ;  and 
eading  the  consequence  of  the  giving  wny 
any  portion  of  the  structure  during  the 
proaching  Oxford  and  Cambridge  boat 
ee.  he  wrote  a  very  sensible  letter  to  our 
ntemporary,  therein  suggesting  that  the 
itter  fihould  be  looked  into  a  little.  On 
iorsday  week  Lord  Bury  asked  the  Gov- 
iment,  in  the  House  of  Commons,  whether 
ey  intended  to  take  any  action  in  the 
air,  and  was  informed  that  the  Board  of 
ade  would  send  a  competent  engineer  to 
•mine  and  report  upon  the  structure. 
eanwhile  one  or  two  more  letters  have  ap- 
ared  in  the  '*  Times  "  on  the  subject,  and 
tably  one  from  the  pen  of  Mr.  G.  Gordon 
|CC«  vj*  JC. 
It  is  not  disputed  that  up  to  tho  present 
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moment  the  bridge  has  proved  itself  to  be 
strong  enough  to  sustain  any  strain  which 
sight-sccrs  could  put  upon  it.  It  has  been 
densely  crowded  over  and  over  again,  and 
no  important  failure  has  ever  tuken  place, 
nor  have  any  but  tho  most  trifling  repairs 
ever  been  needed.  The  assumption  that  an 
accident  may  follow  if  the  public  take  pos- 
session of  the  platform  on  the  17th  instant, 
rests  simply  on  the  theory  that  the  molecu- 
lar structure  of  the  iron  has  been  deterio- 
rated by  vibration  under  strain,  or  that  tho 
sectional  area  of  some  important  members — 
such  as  the  chains  or  the  suspending  links — 
has  been  reduced  by  corrosion.  We  must 
wait  for  the  report  of  tho  Board  of  Trade 
engineer  to  settle  these  things.  But,  mean- 
while, we  may  point  out  3iat  the  inquiry 
possesses  peculiar  interest,  not  only  as  re- 
gards Hammersmith  Bridge,  but  all  iron 
structures  exposed  to  vibration  while  loaded. 
It  has  long  been  a  vexed  question  among 
engineers  whether  iron  does  or  does  not  be- 
come crystalline  and  brittle  in  service ;  and 
it  will  be  no  small  achievement  for  the 
Board  of  Trade  to  advance  our  certain 
knowledge  of  the  subject  by  the  contribu- 
tion of  even  one  woll  verified  fact.  The 
controversy  may  be  regarded  as  involving 
three  different  theories.  According  to  one, 
iron  invariably  becomes  brittle  and  crystal- 
lino  under  even  the  most  moderate  strains, 
provided  it  is  kept  in  vibration  for  a  suffi- 
ciently long  period.  According  to  another 
theory  iron  never  becomes  crystalline  and 
brittle  under  any  strain  ;  and,  according  to 
the  best,  the  metal  changes  its  character 
only  when  strained  above  its  limit  of  elas- 
ticity— that  is  to  say,  when  it  has  been 
stretched  to  such  an  extent  by  any  applied 
force  that  it  will  not,  on  the  taking  oflf  of 
that  force,  return  to  its  original  dimensions. 
The  second  theory  is  now  almost  universally 
rejected  as  untenable  by  competent  engi- 
neers. It  is  excessively  difficult  to  prove 
which  of  the  remaining  two  is  right  and 
which  is  wrong,  for  the  following  reasons : 
In  tho  flrst  place  it  is  impossible  to  tell  the 
exact  strength  of  a  bar  without  testing  it 
till  it  breaks.  Therefore  it  is  not  easy  to 
determine  whether  any  bar  has  been  weak- 
ened by  age  and  molecular  change  or  not. 
We  may  try  a  bar  now  and  find  that  it  will 
stand  eight  or  nine  tons  per  square  inch 
without  permanent  set.  We  may  put  thig 
bar  in  use,  test  it  at  the  end  of  twenty  years, 
and  find  it  stand  just  what  it  did  before ; 
but  it  by  no  means  follows  that  this  circum- ' 
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stance  proves  that  no  deterioration  hsM  taken  ,  deed,  and  with  some  show  4>f  reison,  tkl 
place.  To  assume  that  the  facts  supported  .  there  is  no  such  thing  as  congenitally  fibioii 
'this  latter  theory,  is  to  assume  that  the  ori-  iron,  hut  that  fibrous  fracture  merely  rcniti 
ginal  test  was  as  nearly  as  possible  all  that  .from  the  drawing  out  and  rcarrangcineiit of 
the  iron  would  bear,  so  that  no  margin  was  j  certain  previously  interlocking  crystals  wbcn 
left  for  deterioration,  which  might  or  might  the  iron  is  broken  under  test,  just  as  an  if- 
not  be  true  ;  but  it  is  as  wc  have  said,  prac-  j  pareutly  amorphous  mass  of  folt  may  be  » 
tically  impossible  to  test,  in  the  first  in-  j  solved  into  its  constituent  fibers  by  careM 
stance,  any  bars  used  in  a  structure  like  the  ,  carding.  The  theory  is  not  ours,  and  vi 
Hammersmith  Bridge,  right  up  to  the  last  i  neither  endorse  it  nor  dispute  it.  We  eiti 
limit  without  going  beyond  it.  In  the  se- 1  it  simply  to  show  that  there  is  at  least  «w 
cond  place  it  is  difficult  to  prove  that  a  bar  way  of  reconciling  difficulties  connected  vitk 
has  deteriorated  by  any  exuminatiou  of  the 


structure.  Those  who  believe  in  the  deteri 
oration  under  vibration  theory,  maintain 
that  the  iron  loses  its  fibrous  nature,  becom- 
ing crystalline  and  brittle.    The  assumption 


the  appearance  of  the  fracture  of  iron. 

As  regards  the  examination  of  Hamnai- 
smith  Suspension  Bridge,  we  wish  it  to  be 
borne  in  mind  that  even  should  the  teat  bin, 
which  we  suppose  will  be  taken  from  the 


of  deterioration  is  based  on  the  presence  of  structure   and   broken,   show  a  cryBtalliH 


a  crystalline  internal  structure  in  the  bar, 
which  it  is  believed  the  bar  did  not  original- 
ly possess.    Now  it  so  happens  that  wc  know 


less  probably  about  the  internal  structure  of  j  structure  is  perfectly  sa'e  and  trusiiwortbj. 
iron  than  about  that  of  any  other  substance  j  The  point  to  which  the  Board  of  Trade  cih 
used  in  the  arts.  We  never  see  anything  j  ginecr  should  devote  his  attention,  is  tbe 
but  its  outside.  Break  or  cut  an  iron  bar  |  degree  of  elongation  manifested  bj  the  ban 
as  we  will,  still  we  are  on  the  surface.  Thus, ,  before  fracture.  If  this  is  not  considerable, 
as  is  perfectly  well  known,  a  bar  10  ft.  long 


can  be  broken  into  ten  pieces,  showing  alter 
nately  a  fibrous  and  a  crystalline  fracture 
Moreover,  it  does  not  follow  that  fibrous  iron 


fracture,  the  circumstances  will  not  prure 
molecular  deterioration.  Neither  wiU  tba 
presence  of  a  fibrous  fracture  prove  that  tbe 


it  may  be  taken  for  grunted  that  the  ironbu 
deteriorated,  whether  the  fracture  is  or  b 
not  crystalline,  because  the  bridge  was  boilt 
almost  before  hot  blast  iron  was  Jknovn;  voi 


must  be  stronger  or  better  than  crystalline  i  there  can  be  little  doubt  that  whether  very 
iron.  It  is  quite  true  that  rails,  axles, !  strong  or  not,  the  materials  of  Hamnicrsniicb 
chairs,  etc.,  which  have  broken  after  long '  Bridge  were  well  made  and  originally  dn^ 
service,  usually  give  a  crystalline  fracture,  tile  in  a  very  high  degree.  If  the  inquiry 
but  it  has  never  been  proved  that  we  are  not  ■  is  properly  conducted,  its  results  will  proye 
confounding-  cause  with  effect  when  we  say  :  very  valuable.  The  least  carelessness  will 
that  the  rail  or  the  axle  was  broken  because  |  render  them  useless, 
it  had  become  crystalline.  It  may  be  just  |  Mr.  Page's  letter,  to  which  we  havcbefoM 
as  correct  to  say  that  the  rail  had  become  i  referred,  contains  certain  iutere»tiug  sUte- 
crystalline  because  it  was  broken,  for  any-  ments  worth  reproduction.  Quoting  a  w- 
thing  proved  to  the  contrary.  Of  course  we  I  port  by  Professor  L.  D.  B.  Gordon,  dated 
do  not  mean  to  assert  that  the  structure  of 'August  7  th,  186*2,  he  writes:  ''Hammer* 
iron  or  steel  does  not  change  during  use,  or  i  smith  Bridge  was  erected  in  1827 ;  Engi- 
that  these  metals  do  not  deteriorate  in  ser-  j  neer,  W.  Tierney  Clarke,  Total  lengtb  be- 
vice,  for  this  is  contrary  to  fact.  We  only  ,  tween  land  abutments,  710.7  ft.;  useful 
desire  to  point  out  that  it  has  not  been  de- 1  width  of  road,  carriage-way,  20  ft.;  two 
finitely  proved  that  iron  becomes  crystalline  ,  footpaths,  each  5  ft. ;  total  width,  tSO  ft.; 
when  caused  to  vibrate  under  strain ;  or  \  span  of  main  opening,  422.5  ft. ;  ratio  of 
that,  assuming  crystallization  does  take  i  versine  to  span,  1-14.31;  the  total  section  of 
place  under  such  conditions,  it  follows  that .  chains  at  the  towers,  180  square  inclos; 
the  iron  has  become  weaker  because  it  is  |  weight  of  a  superficial  foot  of  roadway, 
crystallized.     Whether  it  is  brittle  because   03  lb." 

it  bus  changed  to  the  crystalline  from  the  |  As  a  matter  of  fact  the  bridge  was  corn- 
fibrous  condition,  or  whether  it  has  changed  pletcd  in  1824,  not  in  1827.  Mr.  Pagogoei 
from  fibrous  to  crystalline  because  it  has  be- ;  on  to  say  that  '*  Drewry,  an  authority  on 
come  brittle,  no  one  can  say  with  absolute  !  suspension  bridges,  states  that  the  bars  of 
certainty.  The  brittleness  is  demonstrable, '  the  chains  were  proved  up  to  nine  tons  per 
the  cause  is  not.     It  has  been  argued,  in- 1  square  inch.     The  greatest  possible  load  baft 
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usnmed  bj  Mr.  E.  Clark  at  80  lb.  per 
licial  foot,  bat  thus  has  been  considered 
cesdiTe  bj  many  engineers.  An  ezpe- 
it  was  made,  which  came  under  my 
e,  by  packing  men  on  a  weigh-bridge, 
a  result  of  84  lb.  per  superficial  foot ; 
t  IB  not  within  the  limits  of  probability 
such  a  crowd  could  accumulate  on  any 
;e.  I  gather  from  various  authorities 
7U  lb.  per  foot  superficial  may  be  as- 
d  as  a  standard  for  the  load  that  the 
)rni  of  a  bridge  could  contain.  Such 
d  on  Hammersmith  Bridge  would  pro- 
A  strain  on  the  chains  of  8.86  tons,  or 
4M18  below  proof  strain." 
aamach  aa  the  maximum  strain  now  al- 
i  by  the  Board  of  Trade  is  but  five 
it  is  evident  that  the  structure  is  near- 
'  per  cent  weaker  than  these  reflations 
' ;  and  we  confess  that  we  think  the  ap- 
(iiflions — the   expression   of  which  has 

0  the  official  inquiry — are  very  well 
led. 

e  cannot  better  conclude  this  article 
by  appending  a  few  particulars  regard* 
the  construction  of  Hammersmith 
ge,  in  addition  to  those  given  above, 
rofessor  Gordon.  His  dimensions  are 
antially  correct.  The  deflection  of  the 
chains  in  the  centre  is  29  ft.  3  in.  The 
cm  on  the  iron  at  the  points  of  suspen- 
is  1.857  times  the  entire  suspended 
The  piers  are  of  stone,  22  ft.  thick, 
.  wide  at  the  top,  72  ft.  at  the  water- 
and  48  feet  high,  measuring  from  the 
age  road.  There  are  eight  main  chains, 
iged  in  four  double  lines,  two  small 
18  being  put  one  under  the  other  on  the 
de  of  each  footpath,  and  two  principal 
IS  on  each  side  of  the  carriage  way. 
•null  chains  each  consist  of  three  rows 
in.  flat  bar  links,  8  ft.  10  in.  by  5  in. 
,  coupled  by  2|  in.  round  bolts,  and 
ring  plates  15^  in.  long  by  8  in.  broad 

1  in.  thick.  The  large  chains  consist 
of  six  similar  rows  of  plate  links.  The 
eai  rods  are  1  in.  square,  and  stand  5  ft, 


!  Ellersiiausen  Procebs. — Some 
ery  careful  experiments  have  recently 
made  at  one  of  our  l^rge  ironworks. 
"der  to  test  several  kinds  of  iron,  and 
tennine  the  waste  with  accuracy,  the 
was  melted  in  a  cupola  and  afterwards 
ked.  Several  varieties  < >f  ore  were  used . 
fses  of  the  material  at  different  st^i^es 
»ng  made.  We  shall  publish  the  results. 


AMERICAN  LOCOMOTIVES  AlfD  ROLLING 
STOCL 

From  a  paper  by  Zerah  Colbarn,  before  the  Institn* 
tion  of  Civil  Kogineers,  March  9th,  1869. 

In  construction  and  working,  the  American 
railways  represent  little  more  than  a  modified 
application  of  English  practice.  When  the 
systems  of  the  railway  machinery  of  the 
two  countries  are  compared,  many  of  the 
differences  which  first  strike  the  eye  are 
found  to  be  external,  rather  than  fundamen- 
tal ;  and  so,  too,  many  of  the  peculiarities  6f 
construction  now  retained  in  America  are 
due  to  the  initiative  of  English  engineers. 

Pursuing  the  history  of  the  introduction 
of  locomotives  into  the  States,  it  was  observ- 
ed that  the  first  two  worked  in  America  were 
made  in  England  in  1828,  one  by  Mr.  George 
Stephenson,  the  other  by  Mr.  J.  U.  Rastrick. 
In  the  same  year  the  engineers  of  the  then 
contemplated  Baltimore  and  Ohio  Railroad 
visited  this  country,  when  Mr.  Robert  Ste- 
phenson suggested  to  them  what  was  now  the 
distinguishmg  feature  of  all  American  rail- 
way rolling  stock,  viz,  the  bogie,  to  be  applied 
to  the  engines  intended  to  work  round  curves 
of  six  chains  radius,  at  that  time  proposed  to 
be  adopted.  The  bogie,  which  had  grown 
out  of  William  Chapman's  invention  of  1812, 
was  then,  Mr.  Stevenson  stated,  in  regular 
use  upon  the  quays  of  Newcastle.  Having 
regard  to  the  character  of  the  lines  first  con- 
structed in  the  States,  it  was  essential  that 
the  locomotives  should  be  light  and  cheap, 
and  the  first  engines  made  there,  between 
1830  and  1832,  weighed  only  from  three  and 
a  half  tons  to  four  tons.  Some  of  the  Eng- 
lish-built engines  imported  at  about  that  time 
had  their  leading  wheels  removed,  and  a  swi- 
veling  bogie  substituted.  The  bogie  was  not, 
however,  exclusively  employed.  Consider- 
able numbers  of  engines  made  by  Messrs. 
Stephenson  &  Co.,  Messrs.  Bury,  Curtis  & 
Kennedy,  Messrs.  George  Forrester  &  Co., 
and  Messrs.  Braithwaite  &  Co.,  were  after- 
wards imported,  and  worked  as  originally 
constructed ;  and,  as  late  as  1855,  at  least 
one  hundred  locomotives  of  English  construc- 
tion, or  made  almost  exactly  upon  Messrs. 
Stephenson's  plans,  could  have  been  counted 
at  work  in  the  States.  For  many  years 
wood  only  was  employed  as  fuel,  and  as  it 
produced  great  quantities  of  sparks,  as  an- 
noying to  passengers  as  they  were  dangerous 
to  goods,  much  ingenuity  was  directed  to  the 
problem  of  separating  and  withholding  them 
from  the  escaping  smoke  and  steam ;  and  the 


Toluminous  "  spark  arresters  *'  were  very 
auccessful  in  this  respect,  while  they  gave 
an  mdividuality  to  the  engines.  Agiiin  the 
rigor  of  the  American  winters  compelled  the 
adoption  of  some  kind  of  shelter  for  the  en- 
gine men  and  firemen ;  and  this  was  afforded 
by  the  bulky,  and  often  extravagantly  paint- 
ed *'eab8,"  which  imparted  a  novel  appear- 
^  ance,  but  without  in  any  w^ay  affoeting  tUc 
yrinciples,  or  economical  conditions  uf  work- 
ing, of  the  engine. 

As  high  speeds  were  Beldom  attempted 
nptm  the  early  American  lines,  the  greatest 
Bteaui  tractive  power  was  sought  and  obtain- 
ed»  both  by  working  high  pressure  steam  and 
by  eraplriying  driving  wheels  of  small  diam- 
eter. Thus,  although,  in  ISH5,  the  Engliah 
built  engines,  and  those  copied  from  them, 
were  worked  at  50  lb.  pressure,  and  had  5 
feet  driving  whceb,  it  was  not  long  before 
American  practice  settled  upon  90  lb.  to  100 
lb.  pressure  and  4  ft.  or  even  3  ft.  8  in.  driv- 
ing wheels.  It  was  soon  found,  however, 
that  the  adhesion  weight  upon  a  single  pair 
of  wheels,  necessary  to  work  up  this  increas- 
ed steam  tractive  force,  was  too  great  for  the 
strength  of  the  way.  and  coupling  was  then 
resorted  to ;  and  now,  with  the  exception  of 
a  few  light  tank  engines  on  branch  lines, 
there  was  not  probably  an  engine  in  the 
States  having  single  or  uncoupled  driving 
wheels.  Four  tons  might  be  said  to  have 
been  the  maximum  per  wheel  for  many  years, 
while  three  tons  was  the  more  n^ual  average. 

Compensating  levers  were  now  employed 
on  all  American  engines,  whereby  the  weight 
was  not  only  equalized  between  the  coupled 
wheels,  but  the  effect  of  a  jolt  upon  one  pair 
was  divided  and  distributed,  through  the 
springs  and  levers,  upon  the  other  pair.  For 
some  years,  too,  bearings  of  the  outer  ends 
of  the  springs  of  the  coupled  wheels  were 
made  to  rest  upon  india-rubber  blocks. 

The  details  were  then  given  of  several  de- 
scriptions of  engines  long  worked  on  the 
Baltimore  and  Ohio  and  Reading  railroads, 
as  well  as  of  those  employed  to  work  the  in- 
cline of  1  in  IGJ  and  IJ  mile  long,  at  the 
Madison  terminus  of  the  Madison  and  Indi- 
anapolis railway.  Compared  with  English 
practice,  in  which  six-wheeled  coupled  en- 
gines had  from  5  tons  to  G  tons  on  a  wheel, 
and  mght-whecled  coupled  engines  had  7 
tons  on  a  wheel,  it  was  observed  that  the 
subdivision  of  weight  in  x\merican  engines 
wai  carried  about  half  as  far  again,  or,  in 
other  words,  that  they  averaged  only  about 
two^thirds  a^  much  weight  per  wheel,  and 


of 


that  they  thus  required,  for  a  giTdi  UMI 
weight,  half  as  many  to  ore  wheeR  Kicift 
with  Huialler  wheels,  this  could  t  *  '  .., 
on  any  practicable  length  of  wh'  \ 

none  of  the  American  '      uia  b^iki  ta« 

gines,   of  which   the    j  ,?  h»4  ^*i 

I  given,  had  wheels  larger  ihan  3  fl*  1  ' 
diameter.      There   were   objections 
much  weight,  to  coupling  a  br 
of  wheels  from  a  single  pair  of  i 
was  more  or  less  difficult,  if  no 
to  preserve  an  exact  etjuality  in         _  _ 

of  the  wheels,  an  exact  paralleliiiai 
axles,  and  exact  equality  in  Iit!/*    ^ 
coupling  rods.     The  extent  t<v 
ling  had  been  carried  in  America u  j^ 
gines  had  been  due,  in  a  grt-at  uwi^ 
the  following  expedients.  The  c<      ' 
were   as  equally  loaded  as  p^i 
tyres,  in  a  majority  of  cases,  were  t- 
cast  iron,  since  replaced  by  steel; 
former   were    east,   and    the    latter 
nearly  or  quite  to  a  cylindrical  form, 
but  little  or  no  cone.     The  drivifi*: 
were  the  middle  pair,  or,  in  the  ca^ 
even  number  of  pairs,  one  of  the  pair^ 
est  to  the  mid-length  of  the  wh#cl  hilt; 
compensating  levers  were  employed,  and  i^ 
justing  wedges  had  for  some  y*"*"  *  -"  **^ 
plied  to  the  axle-boxes.     The  * 
in   many  causes,  were  made  wits 
round  steel  bushings  being  fitl' 
eyes  formed  at  the  exact  requs 
apart  in  the  ends  of  the  rods.      ' 
ception  of  the  leading  and  tn 
the  coupled  wheels  were  general  -^ 

plain  cylindrical  tyres  having  ao  toipe** 
<)utside  coupling  cranks,  necessary  with  wA* 
side  frames,  had  rarely  been  eiiiplDy«^«  wtA 
were  never  so  now.  The  e<mpling  twU  w«ft 
counterweigh  ted  within  the  wheehi  the©* 
selves,  no  attempt  being  made,  in  in^tds 
cylinder  engines,  to  set  off  their  wui|^ 
against  that  of  the  e ranks  and  attaeM 
parts.  In  other  words,  the  cooptiDfi^  pint  rf 
the  driving  wheels  were  ciM  '  <^  tiA 
side  of  the  engine,  with  tli  n  of  l^i 

crank  in  inside  cylinder  cngiutA,  aiwl,  <i 
course,  necessarily  «o  in  outside*  rybTi<l«r 
eugines.     The  experienee  of  A-  ^'^ 

motive  engineers  bad  beru  to  tK  'it 

with  this  amusement,  which  x\  .-    ' 
site  of  English  practice,  the  axle-'    i 
more   unifonnly,  and   that    there 
''knocking**  where  a  Httic  play  in  tU  — 
plates    had    once    begun.     And   laittly,  tla 
length  of  the  crank  being  ono-ha^  the  r% 
dius  of  the  small  coupled  wheels  €c«ipto^« 
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aaj  uie(|uality  in  the  lengtb  of  the  coupling 
nods  was  attended  with  less  slipping  and 
binding  than  where,  with  larger  wheels,  the 
cnnk  was  but  about  one-third  the  radius  of 
the  wheel. 

The  general  form  of  passenger  engine  now 
in  use  in  the  States  was  then  described.  It 
bad  in  must  cases  outside  cylinders — indeed, 
inside  cylinders  had  not  been  built  for  many 
years — and  it  had  invariably  four  coupled 
driving  wheels  and  a  four-wheeled  bogie. 
The  leading  dimensions  of  the  representa- 
tive type  o{  passenger  engines  were :  cylin- 
der from  15  in.  to  17  in.  in  diameter,  with  a 
length  of  stroke  of  from  22  in.  to  24  in.,  and 
coupled  driving  wheels  of  from  5  ft  to  5  ft. 
8  in.  in  diameter.  Such  engines  would  ex- 
ert a  tractive  force  of  3.^  tons  to  4  tons 
in  starting,  for  which  their  adhesive  weight, 
assisted  sometimes  by  sand,  was  sufficient; 
and  thus  they  could  get  quickly  away  from 
■tatioQS,  even  with  trains  of  a  gross  weight 
of  2iKJ  tons  or  more.  Economy  of  fuel  had 
not  been  studied  to  the  same  extent  in 
American  as  in  English  locomotives:  the 
blast  pipes  of  the  former  were  smaller,  the 
draught  more  forced,  the  back  pressure 
greater,  and  less  expansion  was  attempted 
m  the  cylinders,  the  link  motion  being  gen- 
erally arranged  to  cut  off  at  one-third  stroke 
as  a  minimum,  and  at  nine-tenths,  or  more, 
•8  a  maximum.  It  was  thus  that  boilers  of 
moderate  size  were  made  to  supply  steam  for 
work  e<|ual  to  300  indicated  horse  power,  or 
the  exertion  of  upwards  of  2  tons  of  draught 
npon  a  passenger  train  at  a  mean  speed  of 
2d  miles  an  hour ;  but  there  was  nothing  re- 
markable in  the  consumption  of  from  50  lb. 
to  60  lb.  of  coal  per  mile  in  such  work.  It 
was  stated  that  on  the  Pennsylvania  Central 
xailroad — a  line  350  miles  long,  with  grudi- 
ent-i  uf  1  in  100  and  1  in  55 — the  consump- 
tion of  coal  for  both  goods  and  passenger 
trains  amounted  on  an  average  to  about  70 
lb.  per  train  mile,  the  goods  mileage  being 
three  and  a  half  times  the  passenger  mile- 
age. The  coal  was  of  excellent  steaming 
quality,  and  cot^t  about  3.^d.  in  currency,  or 
24d.  in  coin,  per  train  mile.  At  thiri  rate  a 
difference  in  consumption  of  24  lb.  of  coal 
per  mile  would  only  cause  a  variation  of  Id. 
per  mile  in  the  cost  of  fuel ;  and  it  had  been 
argued  that  such  a  waste  was  ])etter  than  the 
alti*niative  of  employing  an  engine  4  tons  or 
5  tons  heavier,  to  work  with  a  less  ra]>id  rate 
of  combu.*«tion,  a  slower  piston  bpcod,  and 
more  expensively. 

The  goods  engines  were  moderate  in  weight, 


had  large  cylinders  and  small  wheels,  and 
drew  heavy  trains  at  a  fair  speed,  with  a 
consumption  of  coal  often  amounting  to  100 
lb.,  or  more,  per  mile.  On  the  Pennsylva- 
nia Central  railroad  the  standard  type  of 
this  class  of  engine  had  ten  wheels,  of  which 
six,  each  4  ft.  0  in.  in  diameter,  were  coup- 
led. The  whole  weight  of  the  engine  was 
only  31^  tons,  and  of  this  but  23^  tons 
rested  on  the  coupled  wheels,  available  for 
adhesion.  The  cylinders  were  18  in.  in  di- 
ameter, with  a  length  of  stroke  of  22  in. 
With  60  lb.  mean  effective  pressure  per 
square  inch  upon  the  pistons,  those  engines 
would  exert  a  tractive  force,  less  their  own 
internal  resistances,  of  rather  more  than  3^ 
tons,  or  about  one-seventh  their  adhesion 
weight,  although  in  starting  a  train,  or  in 
ascending  a  gradient,  with  100  lb.  pressure 
on  the  pistons,  the  steam  tractive  force  would 
be  6  tons,  equal  to  more  than  one-fourth  of 
the  adhesion  weight,  the  efficiency  of  which 
would  then  be  assisted,  when  necessary,  by 
sand.  Details  of  the  performance  of  some 
of  these  engines  were  next  given.  In  one 
case,  after  allowing  for  gravity  8f  lb.  per 
ton,  for  a  train,  engine  and  tender  included, 
of  1,040  tons  weight,  the  total  resistance 
would  be  4  tons,  and  thus  the  work  done  on 
each  mile  was  calculated  to  be  equal  to  24 
horse  power  exerted  for  one  hour ;  and  if  the 
estimates  could  be  trusted,  the  consumption 
of  coal  per  horse  power  per  hour  would  not 
exceed  4^  lb.  to  5^  lb.  The  speed  probably 
was  not  more  than  15  miles  an  hour,  corres- 
ponding to  360  horse  power.  The  policy  of 
American  railway  managers,  with  respect  to 
goods  traffic,  as  it  was  also  the  policy  of  the 
managers  of  most  of  the  French  lines,  was 
maximum  loads  at  slow  speeds,  involving  a 
minimum  resistance  per  ton,  and  correspond- 
ingly a  minimum  working  expenditure  per 
ton. 

No  experiments  upon  the  dynamical  effi- 
ciency of  American  engines  had  been  made, 
so  tar  as  the  author  was  aware ;  but  he  had 
run  an  experimental  train  on  the  Erie  rail- 
way, over  the  whole  length  of  the  line  and 
back,  a  total  distance  of  nearly  DOO  miles. 
The  same  engine  was  employed  throughout 
the  run,  occupying  in  all  nearly  three  weeks, 
making  an  average  for  each  week  day  of 
about  fifty  miles.  The  results  of  these  ex- 
periments appeared  to  show,  that  the  resist- 
ance of  bogie  rolling  st<»ck,  even  under  dis- 
advantages, was  IcA^s  than  that  of  Englii^h 
rolling  stock,  as  ascertained  by  the  best  au- 
thorities, and  also  that  the  rate  of  adhesion 
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to  weight  averaged  considerably  more  in  the 
States  than  in  England.  With  respect  to 
adhesion,  as  the  surfaces  in  contact  were 
identical  with  those  on  English  railways — 
indeed  the  rails  and  tyres  in  general  use  in 
the  States  were  commonly  of  English  manu- 
facture— any  difference  in  this  respect  must 
be  attributed  partly  to  the  influences  of  cli- 
mate and  partly  to  a  better  application  of 
sand,  when  necessary  to  increase  the  bite 
upon  the  rails.  The  sand  was  dropped 
e4[ually  upon  both  rails,  not  in  intermittent 
haudfuls  down  a  pipe  on  one  side  of  the  en- 
gine only,  but  by  means  of  the  hand  gear 
and  regulating  valve  since  adopted  on  the 
North  London  Railway.  The  experiments 
in  question  were,  no  doubt,  influenced  by 
the  favorable  circumstances  of  weather,  and 
something  was  to  be  allowed  also  for  the 
great  length  of  train  drawn,  very  long  trains 
having  a  less  tractive  resistance  per  ton  on  a 
level  than  short  ones,  and  something,  pos- 
sibly more  than  was  commonly  supposed, 
might  have  been  due  to  the  use  of  oil-tight 
axle-boxes,  the  saponaceous  com|)ound  known 
as  **  railway  grease  *'  being  nowhere  in  use 
on  railways  in  the  States.  Messrs.  Gueb- 
hard  and  Dieudonn^'s  experiments,  made  in 
1867,  on  the  Eastern  Hailway  of  France, 
showed  a  considerable  diminution  in  the  re- 
sistance of  oil-boxed  rolling  stock,  as  com- 
pared with  that  fitted  with  grease  boxes. 

Of  the  mechanical  details  of  American  lo- 
comotives, considered  apart  from  the  details 
already  touched  upon,  much  might  be  said. 
Ther^  were  differences,  and  they  were  nu- 
merous, but  they  involved  no  important  prin- 
ci[>les.  The  chilled  cast-iron  wheel,  how- 
ever, for  engine  and  tender  bogies,  and  espe- 
cially for  carriages  and  wagons,  deserve 
mention.  No  wrought  iron  wheels,  so  far  as 
the  author  could  learn,  were  now  employed 
in  the  States,  unless  in  a  few  cases  for  engine 
driving  wheels ;  and  wrought  iron  wheels,  at 
first  exclusively  adopted,  had  been  wholl}- 
abandoned  on  the  Grand  Trunk  and  the 
Great  Western  railways  of  Canada.  The 
cast  iron  wheels  were  not  only  much  cheaper, 
but  they  were  more  durable,  and,  if  not 
safer,  were  at  least  equally  safe.  The 
wheels  employed  for  passenger  carriages 
were  2  ft.  9  in.  in  diameter,  and  weighed  5 
ewt.  The  bogie  wheels  of  engines,  tenders, 
and  goods  wagons  were  generally  2  ft.  6  in. 
in  diameter,  and  varied  in  weight  from  4 
cwt.  to  4.J  ewt.  They  were  cast  of  special 
mixtures  of  the  best  qualities  of  iron,  the 
requisite   conditions   being    great  absolute 


strength  to  resist  both  sudden  and  progiw* 
ive  strains,  and  the  property  of  taking  a  deep 
and  uniform  chill.  Bnt  little  of  the  eail 
iron  employed  for  wheels  had  a  tciuilt 
strength  of  less  than  fifteen  tons  per  iquun 
inch,  and  it  broke  with  a  fracture,  almoGt 
suggestive  of  fiber,  and  of  a  dark  gray  color, 
but  when  chilled  of  a  silvery  whiteness.  Tke 
chilled  wheels  ran  from  two  to  six  and  em 
seven  years,  according  to  the  traffic,  bcfon 
becoming  so  much  worn  as  to  rei|nire  r^ 
moval,  representing  a  service  of  from  80,000 
miles  to  200,000  miles.  Engine  driTiBg 
wheels  of  from  4  ft.  to  5  ft.  in  diameter, 
had  been  cast  with  chilled  fisces,  thus  rs> 
quiring  no  tyres,  and  chilled  tyres,  from  4 
ft.  to  6  ft.  diameter  and  3^  in.  thick,  had 
been  extensively  and  successfally  emplojed 
at  fair  rates  of  speed,  say  28  miles  an  hoar. 

Wood  was  almost  exclusively  employed  as 
fuel,  except  upon  two  or  three  impurtaat 
lines  in  the  coal  districts,  until  within  tks 
last  ten  or  twelve  years.  Iron  fire  boxea 
and  copper  tubes  were  then  generally  adopt- 
ed; but  for  burning  coal,  steel  fire  boxei 
and  iron  tubes  were  now  used.  Of  upwards 
of  four  hundred  steel  fire  boxes  in  the  en- 
gines of  the  Pennsylvania  Central  riilwaj, 
some  had  been  in  use  for  six  years  or  more. 
The  tubes  were  set  without  ferules,  and  xtrj 
little  trouble,  as  the  author  was  informed, 
was  experienced  either  from  leaking  or 
cracking.  It  was  worthy  of  obsenation, 
I  that  the  evil  of  **  furrowing,"  by  no  meam 
uncommon  in  this  country,  was  unknowu  is 
the  States,  and  no  other  explanation  a[^)ea^ 
ed  available,  than  that  the  thinner  iron  en- 
ployed  there  permitted  of  a  certain  elasticity 
in  the  structure  of  the  boiler,  sufficient  to 
prevent  the  localization  or  accumulation  (tf 
bending  or  other  strains  at  particular  points, 
or  rather  upon  particular  Ihies  of  resistance. 

What  were  now  understxK>d  as  steep,  or 

exceptionally  steep,  gradients  were  rare  in 

the  States.     Some  instances  of  such  were 

cited,  and  it  was  mentioned  that,  in  July. 

188(3,  one  of  Norris'  engines,  weighinj?  6 

tons  8 J  cwt.,  and  drawing  behind  it,  incM- 

ing  tender,  a  load  of  8  tons  11 J  cwt.,  a«en<l- 

ed  an  incline  near  Philadelphia  of  1  in  14. 

and  933  yards  long,  at  an  averafi:e  speed  of 

i  15}  miles  an  hour.     The  nominiu  weight  on 

I  the  driving  wheels  was  3^  tons,  but  it  wtf 

I  believed  that  a  portion  of  the  weight  of  the 

'  tender  was  made  to  bear  upon  the  foot  plat^i 

thus  increasing  the  adhesion. 

With  regard  to  the  expense  of  mainten- 
ance, it  was  stated  that  the  average  cost  of 
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«ir8  in  the  States,  exclusive  of 
wals  which  amounted  to  building 
DC,  might  be  taken  as  a  maximum 
{  carrencj  per  train  mile,  equal  to 
in.  Of  this,  the  absolute  differ- 
I  cost  of  labor  and  materials  would 
r  nearly  or  quite  Id.,  leaving  2Jd. 
be  cost  at  English  prices.  Again, 
r  in  which  these  repairs  were  con- 
'wed  a  want  of  system  and  orgaui- 
l  the  shops  were  not  fitted  with 
e  appliances  considered  essential 
mtry.  Whatever  economy  in  re- 
t  attach  to  the  American  engines 
after  allowing  for  the  moderate 
»eed,  to  three  causes  only,  viz :  the 

bogie,  of  chilled  oast  iron  bogie 
kicb  could  be  renewed  at  a  cost  of 
)  £2  lOs.  each,  after  allowing  for 
if  the  wheel  taken  out  as  old  iron), 
1  or  iron  fire  boxes  and  iron  tubes, 
live  or  fifteen  years  ago,  the  aver- 
;e  of  American  engines,  takine  the 
)f  the  leading  lines,  was  not  above 
les  yearly — now  it  was  probably 
ort  of  20,000  miles,  and  on  some 
ght  be  even  more, 
emained  the  consideration  of  the 
nd  wagon  stock,  with  reference  to 
ical  peculiarities  and  its  commer- 
m  to  trafiic.  The  earlier  Ameri- 
ges  were  made  upon  the  English 

it  was  found  not  only  that  a  short 
3  was  required  for  six  chain  and 

cur'  es,  but  also  that  side  buffers 
!  the  difiiculty.     The  bogie,  alrca- 

on  the  engines,  was,  therefore, 
»r  the  carriages,  and  it  was  soon 

that  the  length  of  body  could  be 
ly  increased,  and  that  the  longer 
steadier  it  became.  But  the  long 
eluded  the  use  of  side  buffers,  and 
itral  buffer  with  a  loose  coupling 
place.  End  doors  afforded  an  ob- 
is of  economy  in  the  structure  of 
;e,  and  left  the  whole  depth  of  the 
V  the  window  sills  available  for 
lation  of  trussing,  most  effective 
ig  out  a  comparatively  long  span. 
ioors,  with  a  continuous  passage 
.  the  carriage,  afforded  obvious  fa- 
comniunication.  The  central  pas- 
ed  an  additional  width  of  carriage, 
9  ft.  to  9  ft.  6  in.  was  a  common 
1th ;  while  in  some  cases,  even  on 
'  gauge,  a  width  of  more  than  10 
len  adopted.  These  widths  allow- 
r  four  passengers  across,  and  for 


the  longitudinal  passage  dividing  the  seats. 
The  seats  had  reversible  backs,  so  that  the 
passenger  might  face  either  way,  the  car- 
riages running  in  either  direction  without 
turning.     It  was  undeniable  that  the  seating 
was  not  so  roomy  and  comfortable  as  in  an 
English   first-class   carriage,   and    that,   as 
compared  with  a  second-class  carriage,  there 
was  a  certain  loss  of  space.     It  was  equally 
undeniable  that  such  carriages  could  never 
answer  for  short  trafiic  lines,  where  forty, 
fifty,  or  more  passengers  had  to  leave,  and 
as  many  more  to  enter,  in  a  minute  or  a 
minute  and  a  half.     The  long  body,  how- 
ever, with  end  doors  and  platforms,  possess- 
ed   obvious    mechanical    advantages.       Its 
length  gave  steadiness,  and  the  depth  below* 
the  window  sills  afforded  ample  opportunity" 
for  providing  vertical  stiffness  without  undua 
increase  of  weight.     There  were  no  cross 
partitions ;  there  were  but  two  doors  where? 
English   carriages   would   require,   for   the: 
same  number  of  seats,  according  to  class, 
from  twelve  to  twenty-six ;  there  was  much, 
less  sash  and  glasing,  while  there  was  at  the: 
same  time  more  light ;  there  was  an  import- 
ant saving  in  respect  of  draw-springs,  buff- 
ers, buffer-rods  and   screw   couplings,  and. 
there  was  every  facility  for  applying  brakes, 
as  was  always  done  in  the  States,  to  every 
wheel  in  the  train,  either  from  the  platforms 
of  the  carriages  themselves  or  from  the  en- 
gine.    It  was  an  advantage  of  the  long  body, 
with  its  corresponding  weight  and  number  of 
wheels,  that  the  application  of  the  brakes', 
however  suddenly,  did  not  produce  the  jolt- 
ing of  which  passengers  complained  so  much 
when  the  same  thing  was  attempted  upon 
English  carriages.    Passenger  carriages  upoa 
the  double  bogie  plan  were  made  of  various 
lengths,  from  45  ft.  to  GO  ft.  exclusive  of  the 
additional  2  ft.  6  in.  at  each  end  for  plat- 
form  and    covering   porch.      They   accom- 
modated   from    sixty   to    eighty-four    pas- 
sengers, and  weighed,  empty,  12  tons  and 
upwards,  or  from  16  tons  to  22  tons  load- 
ed.    Some  notice  was  next  given  of  Pull- 
man's hotel  car,  and  of  the  carriage  built  by 
the  Messrs.  Winans  for  the  Emperor  of  Rus- 
sia.    Tlio  improvements  which  had  been  ef- 
fected in  the  engine  and  other  bogies  were 
then  alluded  to,  and  a  description  was  given 
of  the  oil-tight  axle-box,  as  well  as  of  Lough- 
ridge's  and  of  Creamer's  continuous  brakes. 
In  comparing  the  cost  of  maintenance  of 
American  carriage  and  wagon  stock  with  that 
on  English  lines,  uauy  considerations  were 
to  be  regarded.     To  say  that  the  cost,  in 
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1867,  on  the  1,612  miles  of  railway  in  the 
State  of  Massachusetts,  for  a  train  mileage 
of  nearly  ten  million  miles,  wius  6.55  cents 
currency,  or  about  2Jd.  coin,  per  train  mile, 
did  not  permit  of  any  accurate  deductions. 
In  the  States,  the  average  number  of  passen- 
gers continuously  carried  over  the  whole 
distance  made  by  a  train  was  generally  one- 
half  greater  than  in  England,  although  the 
proportion  of  dead  weight  to  live  load  was 
probably  nearly  as  high  as  in  this  country ; 
the  speed  was  less,  and  there  remained  the 
fact  that  labor  and  nearly  all  materials  were 
much  dearer.  On  the  other  hand,  there  was 
a  considerable  saving  in  the  use  of  chilled 
cast  iron  wheels,  such  a  thing  as  a  wheel- 
turning  lathe,  for  carriage  or  wagon  stock, 
being  unknown  in  the  States ;  the  mainten- 
ance of  buffer  and  draw  springs  cost  much 
le.ss ;  the  maintenance  of  the  carriage  bodies 
was  cheaper,  from  their  greater  strength  and 
simplicity  of  structure,  and  from  the  fact 
that  there  were  no  side  doors  to  slam. 

One  objection  to  the  use  of  chilled  cast 
iron  wheels,  not  referred  to  in  the  earlior 
portion  of  the  paj)er,  was  that,  being  almost 
necessarily  of  the  disk  form,  their  weight  in- 
creased in  a  ratio  nearly  as  the  square  of  the 
diameter,  and  thus  the  largest  railway  car- 
riage wheels  yet  employed  in  the  States  were 
but  3  ft.,  and  this  size  was  long  tnio  discontinu- 
ed in  preference  for  '2  ft.  9  in.  In  the  case  of 
cast  iron  spoked  wheels,  the  chill  was  less 
hard  opposite  the  ends  of  the  spokes  than  else- 
where, and  thus  they  soon  showed  flat  spots. 

It  might  be  said,  in  conclusion,  that  if 
American  railway  practice  were  in  any  or 
many  respects  more  daring  than  that  which 
prevailed  in  this  country,  failure,  if  not  too 
often  repeated,  was  regarded  in  the  cousin 
country  as  a  misfortune,  where  here,  unless 
it  proceeded  from  causes  absolutely  beyond 
prevision,  it  was  rightly  regarded  as  a  fault, 
a  misdemeanor,  or  even  a  crime. 


THE  Railway  Ferry  oh  the  Lake  op 
Zurich. — The  "NeueZurcher  Zeitung'* 
gives  some  farther  particulars  of  the  work, 
which  was  generally  described  in  **Van  Nos- 
trand's  Magazine,"  No.  Ill,  page  208. — 
When  the  idea  of  a  steam  ferry  was  adopt- 
ed, Mr.  John  Scott  Russell,  civil  engi- 
neer and  naval  architect,  was  charged  with 
mtking  the  necessary  designs  for  it.  Mr. 
Russell  built,  twenty  years  ago,  the  first 
Steamer  put  upon  the  Lake  of  Zurich  for  the 
steamboat  company  at  Schaff'hausen,  and 
^^18  iteamer  u  considered  up  to  the  present 


day  as  one  of  the  best  crossing  that  vater. 
The  contract  for  the  execution  of  the  ferrj 
boat  was  entrusted  to  Messrs.  Escher,  Wjnf^ 
&  Co.,  of  Zurich,  after  a  competition  witk 
several  of  the  first  class  firms  of  PIngliDd, 
France,  Oermany  and  Switzerland.  Tbe 
work  was  begun  in  January,  I8G{<,  at  tke 
works  of  the  abovcnained  firm  at  Staiupfes- 
bach,and  the  ferry  boat  was  launched  in  tjka 
following  October.  For  its  propukivna 
steam  engine  of  200-horse  power  (Lom.)  is 
employed.  The  fixed  works  required  at  the 
two  ports,  including  two  steel  bridges  (aL>od^ 
signed  by  Mr.  J.  Scott  Russell),  in  onltrto 
establish  a  direct  communication  between 
the  shore  stations  and  the  ferry  boat,  hai 
already  been  executed  in  Friedrichi^hafei 
under  the  direction  of  Mr.  Brockmann,  ea- 
gineer  of  the  Wurtemburg  Railway,  and  ii 
Romanshorn,  under  the  direction  of  Mr. 
Seitz,  engineer  of  the  North  Eastern  Rail- 
way of  Switzerland.  These  steel  bridges  are 
fixed  at  one  end,  which  is  on  tbe  same  level 
as  the  rails  in  the  stations,  whilst  the  otber 
end  can  freely  move  up  and  down  in  order 
to  correspond  with  the  level  of  the  raiUupoi 
the  boat,  as  conditioned  by  the  different 
heights  of  the  water  of  the  lake,  which  va- 
ries at  different  seasons.  These  bridges  and 
the  ferry  boats  are  provided  with  two  lines 
of  rails  in  order  to  carry  at  the  same  tine 
two  trains  across  the  lake.  The  ferry  hoat 
itself  is  constructed  strong  and  stable  enongk 
to  resist  even  the  most  violent  storm;  iti 
bottom  is  flat,  and  its  upper  works  are  part- 
ly covered  in  by  a  roof,  which  forms  alM  a 
deck,  from  which  the  captain  directs  the 
course,  and  which  may  be  also  used  by  the 
passengers  of  the  railway  trains  as  a  plea- 
sant lounge  during  the  passage.  The  time 
of  crossing  the  lake  is  about  one  hoar,  and 
there  exists  no  reason  wby  other  lakes  in 
Switzerland,  many  of  which  arc  50  to  60 
kilometers  long,  should  not  be  crossed  iutbe 
same  manner.  The  working  expenses  «f 
such  a  system  are  not  higher  than  those  (rf  a 
first-class  railway,  and  the  velo<*ity  may  be 
increased  from  20  to  25  kilometers  per  boar. 
The  lakes  would  thus  no  longer  constitntca 
severance  between  two  districts  or  countries, 
but  would  become  highways  for  increasin|!tbe 
trafiic  and  for  facilitating  the  communication. 
We  are  glad  to  find,  says  the  authoritT 
quoted,  that  Mr.  John  Scott  RussellV  abil- 
ities, which  his  countrymen,  at  least  thi>M 
of  the  world  of  science,  cannot  forsiet,  thus 
appear  to  continue  to  find  useful  and  cong^ 
nial  application. 
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N-ToN  8team  Hammer  for  the 
IAN  Government. — The  eugrav- 
rescnts  a  so-called  '*  60-ton  " 
tion  steam  hammer,  which  has  been 
ed  by  the  Kirkstall  Forge  Com- 
eds,  to  the  order  of  the  Russian 
cnt.  The  hammer  frame,  as  will 
i»,  with  the  exception  of  the  cyl in- 
structed entirely  of  wrought  iron 
The  valve  gcnr  is  ho  arranged  that 
ner  can  be  driven  at  either  side, 
admitted  to  the  cylinder  by  an 
im  slide  valve,  a  conical  valve  being 
to  the  upper  passage,  admitting 
e  exhaust  steam  from  the  under 
10  piston,  or  the  full  pressure  from 
r  to  the  top  side  when  required,  so 
bammer  may  either  full  by  its  own 
ith  the  pressure  of  exhaust  from  the 
i  of  pintun  added,  or  the  blow  is  in- 
y  the  admission  of  full  steam  from 
•8.  The  piston  and  rod  are  forged 
ice,  which,  together  with  the  ham- 
;h  15  tons.  The  cylinder  is  46Ji  in. 
and  8  ft.  stroke. — Mechanic's  Mag, 


1AROE  HtDRAULIO 
J  Testing  Macdine. — 
Messrs.  William  Sellers  & 
Go.  isonstructed,  some  seven 
years  since,  a  testing  ma- 
chine for  the  Pennsylvania 
Railroad  Co.,  after  the  de- 
signs of  J.  H.  Linville, 
Esq.,  President  of  the  Key- 
stone Bridge  Co.  The  fol- 
lowing are  the  principal  di- 
mensionfs :  Piston,  about 
18-1^0  diameter;  260  so.  in. 
area  ;  stroke,  2  ft. ;  thick- 
ness of  ram  about  9  in. 
The  machine  is  mounted 
on  a  foundation  of  masonry 
75;  ft.  in  length.  In  front 
of  the  ram,  and  29  ft.  from 
the  cross  head,  which  is 
mounted  on  wheels  and  pro- 
'^^  pelled  by  the  piston,  is  an- 
other fixed  cross  head, 
coupled  to  the  ram  by  12 
Y  bars  of  iron  7  in.X  1  in.  At 
this  end  of  the  machine,  by 
use  of  differential  blocking 
pieces,  any  sized  specimen, 
up  to  3  ft.  diameter  and  28 
ft.  in  length,  can  be  sub- 
jected to  a  pressure  of  675 
gross  tons. 

To  the  cross  head  in 
tr(  nt  of  the  piston  is  coupled  a  similar  cross 
head,  mounted  on  wheels  in  rear  of  the  ram. 
Compression  beams,  4  ft.  in  length,  are  se- 
cured to  the  masonry,  with  a  movable  cross 
head  secured  in  notches  in  the  compression 
beams.  This  end  of  the  apparatus  is  used 
for  testing  large  bars,  to  determine  their 
tensile  strength,  and  is  now  coupled  to  the 
forward  cross  head  by  bars  proportioned  to 
withstand  a  tensile  stress  of  130  gross  tons. 
The  pumps  are  double  acting,  with  large 
and  small  piston  for  light  and  high  pressure. 
The  machine  is  supplied  with  two  of  Shaw 
&  Justice's  mercury  gauges,  and  two  spring 
gauges,  also  a  weighing  lever.  For  the  last 
two  years  this  machine  has  been  in  use  at 
the  Keystone  Bridge  Works  and  Union 
Iron  Mills,  Pittsburg,  where  the  iron  for 
all  the  Keystone  Company's  bridges  is  test- 
ed. The  machine  described  in  this  Maga- 
zine (No.  4,  page  346)  is  not,  therefore,  the 
largest  in  the  country,  and  is  similar  to, 
but  smaller  than  the  machine,  above  de- 
scri1)ed,  which  has  been  in  constant  use  for 
seven  years. 
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HISTORY  OFDECARBURIZING  IRON. 

No.  III. 

The  titles  only  of  letters  patent  of  the 
United  States,  prior  to  1848,  are  published. 
No  other  information  regarding  these  patents 
is  acecssible,  except  at  the  cost  of  manu- 
script copies  from  the  Patent  Office.  After 
1S47,  the  claims  of  United  States  patents 
are  also  published.  From  1855,  engravings 
(such  as  they  arc),  illustrating  specifications, 
are  published,  and  later  still,  abstracts  of 
patents  appear  in  the  Patent  Office  reports. 

There  were  only  thirteen  United  States 
patents  referring  to  the  decarburization  of 
pig  iron,  bjsued  by  the  United  States  prior 
to  1847.  Of  these,  four  were  prior  to  the 
date  reached  in  our  former  article  (1836), 
and  are  mentioned  below. 

Such  matter  as  is  accessible,  regarding 
the  United  States  patents  after  these 
dates,  will  be  compiled  in  chronological  or- 
der, for  the  present  series  of  articles. 


STEEL  FROM  PIO  IRON. 

Leonard,  Enoch,  Canton,  Mass. — 1812. 
January  10. 

malleable  iron  from  pig. 
Lewis,  Tuos.  C,  Pittsburg,  Pa.— 1830. 
October  1. 

PrDDLING  AND  HEATING  IRON. 

Jones,  Wm.,  Haverstraw,  N.  Y. — 1833. 
December  16. 

PRESSING  OUT  PUDDLE-BALLS  INSTEAD  OF 
HAMMERING  THEM. 

Jones,  Wm.,  Haverstraw,  N.  Y. — 1834. 
April  18. 

PURIFYING  CRUDE  IRON  IN  THE  FINERY 
AND  IN  THE  PUDDLING  FURNACE,  BY 
MEANS  OP  DEFINITE  PROPORTIONS  OF 
CHLORIDE  OF  MANGANESE,  BICHLORIDE 
OF  CALCIUM  AND  CHARCOAL. 

Due  LOS,  Edward  Francis  Joseph. — 
1837.     October  20.     No.  7,448. 

MaimfK'turing  iron.  Tlic  invention  consists  in 
combining  with  *^cast  in»n  and  its  scoria,  while 
they  uro  in  a  state  effusion,'*  metallic  chlorides  (as 
of  manjcanesc  and  calcium),  whose  bases  combine 
with  the  iron  and  slag,  while  the  chlorine  combines 
with  the  volatile  im])uritics,  such  as  sulphur,  given 
off  by  the  iron.  Both  of  these  combinations  are 
said  to  pnMiuce  a  iKMiefleial  effect  upon  the  inm, 
and  priHluce  an  alloy  equal  to  malleable  charcoal 
iron.  The  specification  and  drawings  describe  a 
refinery  furnace  having  a  crucible.     About  80  c^it. 


of.  cofit  iron  arc  introduced  into  Che  furnace  nbea  II 
is  at  a  white  heat,  and  immediately  aflenruds  m 
lbs.  of  dry  chloride  of  uiangauese,  and  6}  li«.  of  bi- 
chloride of  calcium  or  '*  bleaching  powder,'*  are  fA 
into  the  crucible.  Over  the  mixture  i»  (rot  a  la; 
of  wood  charcoal  two  or  three  inches  thiciL  i 
over  that  a  layer  of  scoria,  of  like  thicki-t: 
with  suttieient  quicklime  to  combine  with  tlie  fm 
silica  contained  in  the  scoria.  The  whole  is  ihei 
melted,  and  the  surface  of  the  metal  is  ag  jn  ouvcnd 
with  wood  charcoal.  ''  The  usual  to(»ls  for  workiag 
the  metal  are  then  introduced,"  and  duriug  Uc 
working  portions  weighing  ten  ])ound!(  each  uf  the 
chloride  of  manganese  and  bichloride  of  ralcivs, 
arc  thrown  in  at  intervals.  The  burfjoe  is  to  be 
ke]»t  covered  with  charcoal,  ami  in  half  an  Itour  the 
refined  metal  nuiy  be  run  out.  It  is  th«)  )Hidd!cd, 
and  during  that  process  the  chlorides  must  be  added 
at  intervals,  in  nroportious  of  about  one  per  oiMttcC 
the  weight  of  the  metal.  The  bridge  of  the  {Mid- 
dling furnace  is  made  double,  and  the  space  bet«fCB 
is  filied  up  with  cliarcoal.  When  the  slag  has  beet 
nm  out,  and  the  metal  brought  to  nature,  in  < 
to  free  it  from  all  silicious  im[)uritles,  it  is  j 
ted  to  the  action  of  a  cliarcoal  tire. 
[Printed,  5il.  See  ^<  Luiulon  Jounial "  (Ncwiou  •),  nL  11 
(cuigoiiied  scrie*),  p.  34JJ 

ore    and    lime    SUBSTITUTED    FOB    HAX- 

MER  SLAG   IN   PUDDLING BEFBACTOBT 

STONE    USED    FOR    PUDDLING    FUBSACi 
BOTTOMS. 

GossAGE,  William. — ^1838.    Jnne  18 
No.  7,G93. 

Manufacturing  iron.  A  cheap  material  if  sffd 
as  a  .substitute  for  ^*  hammer  slag"  in  puddling  pig 
or  crude  iron.  Argillaceous  ironstones  calcined  ind 
powdered  small  are  introduci*d  int^i  the  pudilliog 
furnace  with  the  pig  iron,  either  alone  w  mixed 
with  powdered  lime,  quicklime,  or  carb«»n.ite  ft 
lime.  The  proportions  requinKl  vary  acvnrding  to 
the  qualities  of  the  ores;  about  450  lb.  of  pipiroD, 
30  lb.  of  calcined  iron  ore.  and  five  iH»undsof»bkied 
lime,  are  beneficial  proportions.  If  the  cinder  do* 
not  separate  easily,  more  lime  should  lie  ustd.  and 
if  the  metal  does' not  sulflciently  "boil  up." man 
powdered  ironstone  tihonld  he  added.  Also,  lust^ad 
of  cast  iron  for  the  bottoms  or  soles  of  puddling 
furnaces,  grit  stones  or  other  fire-resisting  rt  >ort 
slightly  hollowed  to  receive  the  charge,  are  pref«f- 
red  and  claimed. 
[Priiitcii.  4<l.     See  "I^ndoii  Journal"  (Xcwton'i)  wLlI 

^.•uiijoiiind  serie«),  p.  445;  \-oL  17,  p.  3£J;  al»  P*l^ 

No.  iijihk*.] 

FURNACE — REFINING    IRON. 

Sharp,   James,   Liverpool,   Pa.— 18S8. 

June  23.     (U.  S.) 
Note. — No  specification  published. 

use  of  tap  cinder  in  puddling. 
Bradley,  Richard;  Barrows,  Wil- 
liam; Hall,  Joseph. — 1838.    August  21. 
No.  7,778. 

Making  iron.  The  invention  consists  in  then* 
of  "tap  cinder"  obtained  from  puddling  (tode 
iron,  iuifload  of  the  cinder  obtained  from  puddlinK 
refined  iron,  as  a  protection  for  the  bottoms  and  lidci 
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I  Ainiaces.  Tap  cinder  is  a  cheaper  sub- 
X  i»  prepjuvd  by  breaking  it  in  pieces 
uchus  in  diameter,  and  roasting  it  grudu- 
»ut  eight  days  in  a  kiln  like  a  brick-kiln, 
fully  described  in  the  specification  and 

d  See  **  Repertory  of  ArU,'*  vol.  11  (new  se- 
149 ;  KtMl  **  Lotidiin  JoariuU  "  (Newtou'«),  vol.  il 
ed  scriesK  p.  343.] 

NO  PURfe  OARBUBET  OF  IRON 
7ARBURIZINU  BY  MALLEABLE 
OR  METALLIC  OXIDES,  SUCH  AS 
IB  OR  IRON  ORE — U8INQ  OXIDE 
lNGANESB  IN  PUDDLING — USING 
JRET  OF  MANGANESE  IN  MAKING 
STEEL. 


Marshall.  — 1839. 


B,     JOSIAH 

No.  8,021. 

tvements  in  the  manufacture  of  iron  and 
'he  specification  describes  and  claims  the 
ouder  four  heads. 

B  extraction  from  "  pure  native  oxides  and 
I  of  iron  *'  of  pure  cast  iron,  without  the 
m  of  tiux  or  the  production  of  cinder, 
rmation  of  cast  steel  by  fusing  the  said 
iron  with  malleable  iron  or  metallic  ox- 
ich  proportions  as  to  decarburate  the  iron 
u  degree,  and  by  completing  the  dccarbu- 
suitable  cementing  furnace, 
t  use  of  a  cei-tuin  portion  of  oxide  of  man- 
the  process  of  converting  cast  iron  into 
iron  by  puddling. 

e  employment  of  carburet  of  manganese 
ig  an  improved  cast  steel. 
the  first  head  the  operation  of  producing 
iron  is  described.  A  blast  furnace  is 
coke,  charcoal  or  other  equivalent  fuel, 
ughly  ignited.  The  funiace  is  then  first 
ith  twenty  fmunds  of  the  pure  ore  to  100 
fuel.  Other  charges  are  added  at  intcr- 
the  proportions  of  the  ore  are  gradually 
at  ever}'  charge,  until  they  amount  to  66 
ids  of  ore  to  1()0  {K>uijds  of  fuel.  The  ore 
>ken  small  to  the  size  of  peas,  and  will  pn)- 
t  50  pounds  of  pure  pig  iron  for  every  100 
fuel.  The  metal  should  be  run  into  iron 
The  metal  pnMiuced  is  pure  carburet  of 
,s  is  converted  into  steel  of  any  requisite 
by  melting  it  in  a  cupola,  with  coke  free 
mr,  or  wood  charcoal,  using  no  more  fuel 
u<{t  melt  the  iron,  and  burn  away  the  car- 
tains  to  a  consi<U*rable  degree.  The  car- 
her  •*  neutralized  or  removed  '*  by  adding 
netillic  inm.  or  oxi<les  of  iron  or  of  man- 
Laking  care  not  to  decurburati'  the  metal 
degree  a.s  to  render  it  infu.siblc,  but  to 
it  as  imich  rnrlxm  as  exists  in  cast  steel.'' 
X  a  »u|»eri<>r  cast  steel  *' wsciuioxide  of 
•  or  pToxide,  which  had  l>een  jireviously 
should  be  employed.  Sometimes  oxides 
I  or  iron  are  used.  The  steely  metal  so 
is  run  out  into  cast  iron  molds,  and  the 
'•  convert4»d  into  steel  of  any  rciiuisite  de- 
Idness,  by  a  further  j»rocess  of  decarbura- 
»menting  it  with  peroxides  of  iron,  or  of 
r  without  cliarcoal  in  a  cementing  furnace, 
.  to  which  the  metal  is  subjected  to  the 
:  proportional  to  the  degree  of  mildness 


required .  The  quality  of  malleable  iron  Is  improved 
by  introducing  from  one  to  five  per  cent  of  pure  ox- 
ide of  mauganese  into  the  puddling  furnace  with  the 
iron  witliout  mixing  any  other  8ulk«itance  with  it. 

4thly.  An  improved  qiuility  of  cast  steel  is  formed 
"  by  introducing  into  the  crucible  bars  of  common 
blistered  steel  broken,  as  usual,  into  fragments,  or 
mixtures  of  cast  and  malleable  iron,  or  malleable 
iron  and  carbonaceous  matter,  along  with  from  one 
to  three  lyer  cent  of  their  weight  of  carburet  of 
manganese/'  and  melting  the  charge,  and  |K)urlDg 
it  into  molds  in  the  usual  manner. 

[Printed,  4d.  The  durntioii  of  the  patent  wtui  prolonged,  by 
an  uppiictttion  to  the  Privy  Council,  for  seveu  years.  S«e 
for  nn  account  of  the  application  lor  prolonKUtioti,  and  for 
reportu  of'  the  ten  various  legal  proceedniKS,  Weh«ter*« 
P.  C,  vol.  %  p.  31.3  et  aeq.  See  al«o  •'Rt-peitory  of 
An*."  vol.  10  (new  series),  p.  104 ;  *'  London  Journal  " 
(Newton's),  vol.  15  (coi^oined  serieii),  p.  iUl;  also  vols. 
21,  A) ;  '"  Mechanics-  Magazine,'*  vol.  30,  p.  96^  ;  vols  4S, 
64,*  and  other  publicuiious  relating  to  {Nitents  aiid  legal 
reports.  See  Patents  Nos.  i^oSi,  a007,  4,397,  6,t^, 
?,44e,  7,762.] 

Note. — This  is  one  of  the  most  notable  patents  on 
record.  The  great  value  qf  using  manganese  in 
crucible  steel  makings  which  enabled  British  steel' 
makers  to  compete  with  foreigners  and  to  use  British 
irons  to  a  certain  extent ^  was  here  first  pointed  out 
by  Mushet,  But  the  British  steflmakers  managed^ 
ajter  many  hard  legal  fightsy  to  use  manganese  in  a 
manner  not  strictly  infringing  MusheVs  patent^  and 
thus  to  rob  him  of  all  share  in  the  profits  that  really 
grew  out  of  his  invention.  This  de/mrtment  qf  the 
patent  will  be  considired  in  another  series  qf  arti- 
cles. The  compiler  of  the  abstracts  of  the  British 
specifications  says :  **  This  patent  has  been  the  sub- 
ject of  ten  legal  judgments^  and  been  contested  in 
every  superior  court  in  Great  Britain.  The  most 
important  feature  of  the  invention  lay  in  the  discov- 
ery, by  Mr.  Heath,  of  a  method  of  employing  oxide 
of  manganese  in  the  manufacture  of  iron  and  steel 
beneficially  f  and  with  the  certainty  qf  controlling  its 
powerful  pernicious  properties  by  the  counteracting 
influence  of  carbon  exposed  to  it  in  the  requisite 
proportions." 

The  features  of  the  invention  relating  to  the  de- 
carburization  of  iron,  are  the  use  of  malleable  iron 
scrap  and  the  ores  of  iron,  chromium  and  manga- 
nese. Employing  malleable  scrap  for  this  purpose 
was  specified  by  John  Wood,  in  1701  (see  Van  Sot- 
trand^s  Magazine,  No.  8,  p.  194).  The  use  of  ore 
in  puddling  wat  more  fully  specified  by  Mushet,  in 
1835  {see  Van  Nostrand's  Magazine,  No.  4,  p.  861). 
The  present  patent  refers  to  the  use  qf  these  sub- 
stances in  a  cupola,  for  the  production  of  a  sort  of 
decarburized  pig  iron  to  be  further  decarburized 
into  steel. 

The  employment  of  chrome  is  first  specified  in  this 
patent*  Its  function  here  is  obcioutly  that  qf  a 
fiux. 

THE  USE  OP  STEAM  IN  THE  FINERY  OR 
PUDDLING  FURNACE. 

Guest,  Sir  John  Josiau,  and  Evans, 
Thomas,— 1840.     May  28.     No.  ^MS. 

"Improvements  in  manufacturing  inm,"  &c. 
The  invention  consistH  in  introducing  steam  into  the 
refinery  or  puddling  furn:ice,  **  forced  up<m,  or  into, 
or  in  contact  with  the  metal.  Any  suitable  means 
may  be  employed.  The  specification  and  drawings 
describe  furnaces  having  telescopic  ii\|ection  tubes. 
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.  [Printed,  Od.  8«c  "Repertory  of  Art*,"  vol.  16  (new  se- 
riv»),  (K  881 ;  *'  London  Journal "  (S't^wtoii^f),  vol.  91 
(coujumod  veriet).  |).  447;  ^MtfchanicV  Mufaziiie,"  vol. 
33;  p.  3>1  ;  "Inveaiorf*  Advi>cuie,"  vol.  U.  p.  '23;  aiid 
^  Kiiginver*  and  Archiitctif*  Jnurnui/'  \ul  3,  p.  3110  ] 

KoTE. — ThU  M  the  fivBt  mention  of  the  use  of 
steam  in  connection  with  the  purification  of  iron. 

PUDDLING  FURNAC  K  —  PUDDLING  WITH 
ANTHRACITE  COAL. 

Cooper,  Tiios.,  New  York. — 1840.  Aug. 
25.     KeisHued.— 1><41.    March  18.    (U.S.) 
Note. — No  specification  published. 

THE  FINERY  AND  PUDDLING  FURNACE 
CONNECTED,  fiO  AS  TO  RUN  LIQUID 
METAL  FROM  THE  FORMER  INTO  THE 
LATTER. 

Booker,    Thomas.  — 1841.      Feb.  22. 

No.  8,8r)5. 

**  Iinprovcments  in  the  manufacture  of  iron." 
These  consist  in  making  u  connect i«»n  between  the 
finery  nnd  the  jiuddling  furnaces,  which  may  be  of 
any  suitable  construction  ho  that  ''the  heated  metal 
from  the  reftnery  funmce''  muy  be  run  or  passed 
into  the  puddling  furnace,  without  being  tlriit  i>er- 
mittiHl  to  cool. 

[Printed,  M.  Sec  "  Repertory  of  Arts."  vol.  17  (new  se- 
riei),  p.  *27 ;  ^* London  Juuriiul  '*  (Nt-wton*«).  vol.  *J1  (ccni- 
joiiK-d  series),  p.  1(17;  **  Mechnnicji'  Magazine."  vol.  35, 
p.  i!ti?  ;  ''Inventors'  Advi»CHte,"  vol.  5,  p.  131;  "Trans- 
iiction*  of  {Society  of  Arts,-'  vol.  SI,  p.  23;  and  "Engi- 
neers and  Arcliltccts'  Journal,"  vol.  7,  p  70.] 

THE   FINERY  AND  BOILING   PROCESSES  AT 
ONE    OPERATION. 

Powell,  Lancelot,  and  Ellis,  Rob- 
ert.—1841.     April  24.     No.  8,935. 

"  Impn)vement8  in  manufacturinfr  iron."  The 
construction  and  operations  of  the  refining,  puddling 
and  Ixiiling  furnaces  are  drscrilK'd  a8  known  before 
the  date  of  the  patent.  The  improved  j)rocess  wm- 
fiistH  in  bringing  iron,  while  in  a  mtilten  state,  from 
the  blast  ftinuce  direct  to  the  boilhig  funiace,  and 
there  subjecting  it  to  the  action  of  streams  of  blast 
or  atmospheric  air  directed  upon  the  metal  while 
the  boiling  process  is  going  forward.  Wilh  a  charge 
of  four  and  a  half  hundredweight  of  iron  (rrom 
Welsh  ores)  a  stream  of  air  intnNlueed  through  "a 
j»i|K*  of  one  inch  diameter,  with  a  pn*.'»sun»  of  one 
and  a  half  to  two  pounds  on  the  square  inch;  leads 
to  a  iN'iK'ticial  result." 

[Primed.  Id.    Sec  "London  Jour nnl"  (Newton's),  vol.  21 

(ctinjoined  series),  \\iti;  •' Meohanic-'  .Magazine,"  vol. 

.Ti,  p.  9Vi;  and  "Inventors'  Advocate,"  vol.  5,  p.  277; 

Putint  No.  1,37U.] 

PIG  IRON  SOAKED  IN  WATER — MELTED 
iron  RUN  INTO  WATER,  TO  WHITEN  AND 
PIRIFY  IT. 

Gregory,  James,  and  Green,  Wil- 
liam.—1841.     May  14.     No.  8,050. 

*'  Improvements  in  the  manufacture  of  iron  nnd 
steel."  These  consist  in  submitting  the  crude  jiig 
iron  io  tlie  action  <»f  water.  The  iron,  in  the  form 
of  pigs,  or  broken  small,  is  inunersed  in  water,  and 
allowed  to  remain  expi».*<ed  to  its  actum  ''until 
tliere  is  no  longer  any  changt>  ]inNluced  uiM>n  it ;  a 
period  of  from  two  to  three  weeks  is  generally  suf- 


ficient for  this  ]iuq>08e.  The  appearance  of  an 
looking  scum  on  tho  surface  of  the  water  ' 
that  the  water  has  produced  its  full  effect  vpoi 
iron.''  Running  water  may  be  used,  bat 
\i'ater  is  iirefcrred,  as  its  kcudi  indicates  whei 
operation  is  completed.  This  pruvess  "cswalli 
iron  to  become  softer  and  tougher.*'  If  the  imb 
required  to  be  of  "  close  texture  of  that  lund  eAi| 
brittle  iron,"  it  is  to  be  heated  to  a  bright  red  k^ 
and  submitted  to  tlie  action  of  ctdd  water  by  iprii- 
kling  or  immersion.  li  the  iron  be  ii€  inii«refii^ 
ity  it  hi  fused  in  a  *'  finer}*."  Iron  so  trtatai  b. 
su|>erior  for  casting  and  for  conversion  into 
iron.  The  improved  process  for  refimqg. 
may  bo  used  alone,  or  in  conjunction  with  that  JiA 
descriUKi.  is  as  follows:  The  iron  is  melted "b ft 
revertierutory  or  other  suitable  ftimace."  and  tia 
poureil,  "  while  in  its  melted  state,  through  aiH» 
sel,  tlie  bott4)m  of  which  is  petforated  with  hk^ 
about  one -quarter  inch  in  diameter,  lined  with  d^. 
Tlie  fused  metal  is  received  in  a  Vi*s8el  of  roU  «• 
ter,"  of  aiiy  sizA*;  by  preference  it  shooM  beM 
dec])  ^'  that  the  drops  of  metal  may  lie  well  eooM." 
Iron  is  considerably  refined  W  this  opersttioa;  I 
"  ])oss(.*s.ses  a  close  texture,  and  is  of  a  white  cobr," 
and  is  *'much  liettcr  adapted  for  conveTviiin  ii' 
steel  than  the  iron  nionnfactured  in  the 
metluHl." 

[Printed^  3d.  See  '*  l^nndon  Journal  "  (Newiw's).  ^% 
(oonjonied  series),  p.  34  ;  *' MechaDirs*  Mafrmauie,"^ 
35,  p.  413 ;  and  •*  Inventors'  Advocate,**  vol.  S,  f.M 
Sou  Patents,  Not.  750,  4,151.] 


BRIDGE  COXSTRUGTION. 

The  principles  and  practice  in  moden 
iron  bridge  conHtruction  are  thus  mentioiel 
in  **  Knginceriug  '* :  Little  that  is  new  ii 
principle  has  been  achieved  during  the  Um 
year.  Wrought  iron  archen,  where  irekci 
are  employed  at  all,  are  certainly  coming 
into  increasing  favor.  The  widest  wrougkt 
iron  arch  yet  constructed  is  that  of  the  Poit 
d'Arcole,  in  Paris,  2G2  ft.  in  clear  span.  A 
somewhat  later  example  was  that  of  tbe 
bridge  over  the  Thiess,  at  Szegedin,  is 
Hungary,  and  Mr.  Fowler  was  the  first  to 
adopt  wrought  iron  arches  in  England,  viz.. 
in  his  fine  railway  bridge,  of  four  175  It 
spans,  across  the  Thames,  at  Pimlico.  Mr. 
Fowler  has  attempted,  experimentally,  witk 
great  success,  to  construct  a  large  concrete 
arch,  with  a  view  to  the  application  of  tbe 
system  in  his  practice.  ()n  the  Continent 
concrete  voussoirs  are  sometimes  employed, 
and  the  attainment  of  a  monolithic  arched 
bridge,  of  considerable  span,  is  not  beyond 
the  resisting  powers  of  the  material. 

Engineers  should  examine  fully  into  Mr. 
Scdley's  proposed  system  of  double  canti- 
levers witn  an  arched  or  trussed  ^pan  pliced 
between  them.  It  secures  a  very  c^'nfide^ 
able  economy  of  material  in  long  ^pens. 
Mr.  Sedley  not  long  since  tendered  for  the 
construction  of  the  great  Mocrdyk  bridge» 
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he  proposed  to  eomplete  in  eleven 
^  400  (t.  eaoh,  on  an  estimate  of  be- 
£600,000  and  £700,000. 
desirable  abo  to  inquire  if  more  than 
iflion  member  is  necessary  in  trussed 
I  oarrjing  their  load  on  the  level  of 
per  bcKims.  We  last  week  illustrated 
iregian  bridge  of  triangular  section, 
Be  tension  member  being  provided  for 
9  booms  in  compression.  8o,  too,  the 
(455  ft.)  spans  of  the  Saltash  bridge 
ach  but  one  compression  member,  and 
f  note  that  in  his  design  for  the  Ken- 
railway  suspension  bridge,  of  1,224  ft. 
span,  Sir.  Koebling  proposed  to  em- 
aingle  stiffening  girder  of  timber  be- 
ihe  roadway. 

en  rolled  rings,  requiring  no  riveting, 
ee  produced  upon  a  commercial  scale, 
robabie  that  engineers  will  introduce 
>nn8  of  compression  members  in  all 
i  structures,  the  circular  strut  being 
iffer  for  a  given  weight  of  iron  than 
aciform  section  obtained  by  riveting 
or  angle  iron. 

re  b  a  greater  tendency  towards  pin 
g  in  trussed  girders,  as  distinguished 
be  clumsy  mode  of  riveting  the  parts 
er.  Warren's  girders  have  always 
nade  with  turned  pin  joints,  as  are 
ints  of  all  chain  suspension  bridges, 
[r.  Hawkshaw  has  employed  turned 
istead  of  rivets  to  a  very  considerable 
,  as  in  his  Charing  Cross  and  London- 
bridges.  In  America,  Fink's,  Boll- 
and  the  Murphy- Whipple  iron  bridges 
made  with  turned  pins. 
»  after  all,  there  is  less  to  be  said  of 
ncture  than  of  the  appearacco  of  our 
f.  When  shall  we  have  engineering 
)  wedded  to  true  architecture,  as  in 
«  of  Mr.  Page's  fine  bridges,  and  in 
worthy  a  superior  age,  constructed  by 
Meph  Mitchell  upon  the  line  of  the 
md  Railway  ?  The  latter,  taking 
abutments  and  piers  along  with  their 
I,  are  the  finest  railway  bridges  ever 
loted,  except  with  arches.  Too  many, 
many,  of  our  engineers  take  a  pride 
ness,  and  perpetrate  it  wilftilly.  The 
ill  come  when  offended  taste  will  cry 
1  demand  the  demolition  of  their  ugly 
and  we  shall  not  bo  surprised  if  the 
soon.  Bridge  work  should  no  longer 
oaloulation  and  contract,  but  bo  re- 
1  by  the  graces  which  refined  minds 
ays  so  ready  to  lavish  upon  structures 
less  publicity  and  importance.  i 


THE  "ROUKD  OAK"  COAL  AND  IRON 
WORKS. 

Mr.  Samuel  Griffiths,  in  the  <<  Birmingham  Daily 
aaiette.» 

The  Earl  of  Dudley's  iron  works  at  Round 
Oak  are  situated  on  the  high  road  between 
Dudley  and  Brierly  Hill,  and  arc,  without 
doubt,  the  most  complete  in  South  Stafford- 
shire, regularly  turning  out  a  quality  of  iron 
unrivalled  by,  if  not  superior  to,  the  produc- 
tion of  any  works  in  the  Black  Country. 
We  arrive  at  this  great  establishment  by  the 
West  Midland  division  of  the  Great  West- 
ern Railway,  which  runs  parallel  with  one 
angle  of  the  works.  A  canal  connects  it 
with  the  North- Western  Railway,  and  12 
locomotive  engines  are  employed  to  serve 
these  works,  thereby  rendering  assistance 
also  over  40  miles  of  railway,  which  traverse 
his  lordship's  colleries.  The  works,  toge- 
ther with  the  offices,  etc.,  cover  30  acres  of 
land,  and  they  are  capable  of  turning  out 
from  500  to  550  tons  of  best  finished  iron 
per  week.  There  are  nine  steam  engines  in 
the  mills  and  forges,  all  working  vertically 
or  horizontally,  and  a  very  large  steam  ham- 
mer, with  the  last  improvements,  which  is 
capable  alike  of  dropping  a  20-ton  blow  or 
cracking  a  nut  without  bursting  the  kernel. 
Here  they  have  four  large  forge  hammers  or 
helves,  and  this  is  the  only  method  adopted 
to  form  the  puddled  balls  into  blooms  or 
slabs,  as  they  may  bo  required.  Old 
fashioned  shingling  is  the  practice  here; 
neither  squeezers  nor  patent  shingling  of 
any  kind  is  resorted  to. 

There  are  five  rolling  mills— one  16  in. 
plate  mill,  a  12  in.  ditto,  an  8  in.  and  7  in. 
bar  mill,  with  a  good  hoop  mill ;  and  the 
space  allotted  to  the  hoop  mill  and  the  fenc- 
ing wire  mill — indeed,  all  the  mills  in  these 
works — is  admirable  for  its  extent  and  con- 
venience. The  speeds  are  higher  than  any- 
thing in  South  Staffordshire,  and  the  ma- 
chinery, by  its  quiet  and  steady  motion, 
forcibly  reminds  one  of  the  regularity  of 
clock-work.  Wo  have  no  hesitation  in  say- 
ing that  the  construction  and  perfection  of 
the  gear  which  drives  all  the  mills  and 
forges  supersedes  anything  we  have  seen  in 
this  or  any  other  country.  Tho  wheels, 
when  in  full  work,  make  very  little  noise ; 
the  driving  wheels  are  largo,  and  as  the  en- 
gines run  fast,  the  nut  on  tho  fiy  shaft  of  ne- 
cessity is  very  rapid,  but  the  sound  rescm- 
bios  the  gentle  murmur  of  the  orabwood 
gearing  of  a  fiour  mill  rather  than  the  un- 
remitting contact  of  metal  with  metal  ia 
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their  constant  revolutions.  We  hear  no 
banging  sounds  like  a  sicdgc  hammer  on  the 
cog  of  a  wheel,  which  arc  generally  heard 
in  the  iron  works  of  the  Black  Country. 
AVe  were  much  struck  with  the  truth  of  all 
the  driving  wheels ;  indeed,  the  general 
lines  of  the  work  reminded  us  of  a  parallel, 
always  Br^uare  and  rightly  placed.  We  could 
not  help  observing  the  scientific  distribution 
of  metal  in  the  numerous  wheels  and  shafts. 
Even  those  unwieldy  blocks  of  metal  called 
cam-rings  were  shaped  with  a  view  to  a 
scientific  distribution  of  the  iron,  and  the 
engineer,  while  exercising  economy  in  this 
respect,  had  not  forgotten  the  ornate.  There 
are  53  puddling  furnaces,  nine  ball  furnaces 
and  two  heating  furnaces.  The  fettling  used 
is  ground  bull-dog  only.  Neither  pottery 
mine  nor  hematite  ore  is  permitted  in  the 
works. 

The  bull-dog  is  calcined  exclusively  from 
the  taps  of  the  puddling  furnaces  on  the 
spot.  The  puddling  furnaces  are  fixed  at 
cqui-distance  from  the  hammers,  and  as  the 
interior  area  is  completely  laid  with  square 
plates,  the  roofing  being  sustained  by  a  very 
high  wall  plating  on  columns  all  round,  the 
works  present  a  clean  and  comfortable  aspect, 
and  must  be  comparatively  cool  in  summer 
time,  which  is  a  great  desideratum.  A  rail- 
way serves  the  coal  and  removes  the  ashes 
from  the  back,  while  a  second  railway  de- 
posits the  pig-iron  and  ground  bull-dog  on 
the  standings  at  the  front  of  the  furnaces. 
The  kilns  for  calcining  bull-dog  are  fixed  at 
equi-distance  between  both  works,  and  a  rail- 
way takes  the  tsips  from  the  works  to  the 
kilns,  returning  loaded  with  the  ground  fet- 
tling for  the  puddling  furnaces,  which  struck 
the  writer  as  a  very  perfect  and  economic 
arrangement  for  this  otherwise  dirty  and 
expensive  process.  The  last  erections  here 
are  the  new  forges,  situated  a  few  hundred 
yards  from  the  old  mills,  containing  28  pud- 
dling furnaces,  fixed  round  the  works  in  the 
shape  of  a  horse-shoe,  being  ministered  to  by 
two  large  forge  hammers,  which  are  driven 
by  two  vertieal  engines  55-horse  power  each, 
each  engine  driving  a  hammer,  forgo  rolls, 
&c.,  per  se,  so  that  the  motive  power  of  the 
one  is  disconnected  with,  and  independent 
of,  the  other;  the  engines,  driving  wheels, 
rolls,  &e.«  being  fixed  parallel  with  the  heels 
of  the  borsc-shoe  figure  of  the  forges,  a  space 
is  left  between  the  driving  wheels,  and  the 
engines  being  fixed  underground,  but  every- 
thing as  firm  as  a  solid  rock.  The  puddling 
uruacc:!  arc  served  with  coal,  metal,  &c.,  by 


I  rail,  back  and  front,  as  described  above,  iii 

the  puddled  bars,  billets,  &c.,  are  renofel 

I  by  rail,  with   locomotives,   into  tbe  miDi, 

I  which  are  at  some  little  distance,  for  ( 

sumption. 

I      It  must  be  observed  that  the  whole  of  tka 

I  pig-iron  or  plate-iron  consumed  b  made  fnm 

■  the  £arl  of  Dudley^s  mines,  raided  on  tka 

;  estate,  and  smelted  at  his  own  blast  famiML 

Nothing  is  used  but  his  lordship's  ten-jirl 

!  coal,  which  is  doubtless  the  best  in  the  worU 

'  for  the  manufacture  of  iron.     No  fornn 

I  pigs  of  any  kind  are  permitted  in  the  worUi 

<  hence  the  famous  quality  of  the  iron  pnH 

I  duced.     These  great  works  are  justly  famel 

I  for   the   manufacture  of  large  rounds  aal 

i  squares.     Bounds  are  rolled  here  as  bighai 

I  six  and  a  half  inches  diameter  down  to  serei-   , 

wire  gauge  ;  and  the  higher  sixes  of  romdi 

are  in  general  request  at  the  machine  shopi 

of  the  kingdom  for  piston  rods,  owing  to  tbe 

compactness  and  superior  quality  of  the  im 

rolled  here.     Boiler  plates  are  made  vitk 

facility,  of  large  size,  up  to  18  cwt.;  angle 

bars  and  T-iron  of  great  length  are  made, 

from  6  in.  by  6  in.  to  J  in.  by  |  in.  flats  of  tU 

thicknesses,  from  12  in.  down  to  J  in.  wide; 

an  unequal  size  of  angle  iron,  from  8  in.  bj 

2.^  in.  down  to  2  in.  by  1  in.;  likewise  chanoei 

iron,  from  3}  in.  to  }  in.  ;  glan  iron,  onlfl, 

round-edg3d  flats,  core  bar  iron,  bevel  iron ; 

Z-iron,  or,  in  other  words,  double-angle  iron; 

square-edged  and  feather-edged  iron,  botl- 

guard  iron,  shutter  iron,  great  bar  iron,  with 

various  other  specialities  too  numerous  (o 

mention.     Here  likewise  the  famous  U-im 

is  produced,  which  up  to  this  time  has  not 

been  rolled  at  any  other  works  in  England. 

Bails  of  a  very  superior  quality  are  likewise 

manufactured  here,  for  the  rolling  of  whieh 

the  works  off'or  great  facilities.     A  layer  of 

steel  is  welded  on  the  top  of  the  rail,  the 

web  or  foot  being  made  of  his  lordship's  best 

fibrous  iron,  which  is  said  to  give  greater 

strength  and  durability  to  the  rail  than  tbe 

steel  rail  made  in  other  districts. 

The  Earl  of  Dudley's  iron  stands  qaite  at 
the  top  of  the  Staffordshire  makes,  and  pos- 
sesses all  those  peculiar  qualities  whieh 
have  rendered  Staffordshire  iron  so  famou 
throughout  the  world  in  a  more  eminent  de- 
gree than  any  other  maker.  This  mainly 
arises  from  two  causes — first,  the  splendid 
ten-yard  ooiil,  so  abundant  in  his  lordtfbip'i 
estates ;  and,  secondly,  the  superiority  of  the 
earl's  argillaceous  iron-stones  found  west  of 
Dudley.  The  iron  produced  here  is  con- 
sumed by  shovel  and  spade  makers  (in  plat- 
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a;  bars),  for  horse-ahoes,  rivet-iron,  cottou 
lers,  gun  barrels,  bayonet  iron,  saddlers' 
iran^mongery,  for  wire-drawing  purposes, 
beomotive  engines,  and  agricultural  niachin- 
bfea*  purposes.  Its  tension  wbile  hot  in 
vanching  is  marvellous.  It  is  likewise  used 
ibr  all  brijsht  work,  easily  polishing  without 
specks,  and  for  other  specialities,  which  ren- 
ders Its  adoption  desirable  where  it  can  be 
•bCained. 

The  Earl  of  Dudley's  finished  iron  is 
largely  consumed  at  the  great  engine  shops 
OB  the  banks  of  the  Neva,  in  Russia,  and  is 
•ent  to  Canton,  Foo-chow-foo,  and  Pekin,  in 
Ckinm ;  to  Hokudadi  and  Yokohoma,  in  Ja- 
pan ;  Cabul  and  Candahar,  in  Affghaniistan ; 
and  even  the  almost  unexplored  regions  of 
Thibet  are  supplied,  via  Cashmere,  with 
■ome  particular  kinds  of  iron  from  these 
famoos  works ;  and  pig-iron  with  his  lord- 
Skip's  brand  was  found  in  Theodore's  cannon 
frandrj  in  Abyssinia,  which  must  have  been 
carried  for  some  hundreds  of  miles  on  the 
baeka  of  the  attenuated  mules  of  that  coun- 
try. The  superiority  of  this  marvellous  iron 
u  owing,  no  doubt,  to  three  or  four  circum- 
■tances.  In  the  first  place,  all  other  makers 
biiydifferent|mixture8  of  pig-iron.  The  Earl 
of  Dudley  makes  at  his  blast  furnace  estab- 
lishment the  best  ircm  that  can  be  made  out 
of  the  materials  raised  in  his  own  estates, 
and  consumes  these  pigs,  and  no  others,  at 
the  Round  Oak  Works. 

The  Round  Oak  Works  were  founded  by  I 
the  late  Mr.  Richard  Smith,  who  for  thirty  ! 
|ears  waa  faithfully  and  successfully  engaged  j 
in  developing  his  lordship's  coal  and  mineral ' 
empire.     The  tact,  talent,  and  business  abil- 1 
ities  of  the  late  lamented  31  r.  Smith  were  , 
well  known  and  appreciated  in  the  iron  trade. ! 
Mr.  Frederick  Smith,  the  present  manager, .. 
if  a  gentleman    and  a  scholar,  a  Fellow  of  i 
St.  John's,  Oxford,  but  obtained  immense  i 
practical  knowledge  under  the  guidance  of! 
Lis  late  father ;  and  as  he  inheritH  the  busi- ' 
Bess  qualities  of  his  father,  the  efiiciency  of  | 
the  management  continues  unabated.     Pro- : 
hably  a   greater   willingness  is   evinced  to 
adopt  all  modern  improvements  and  adapt  i 
these  great  manufacturing  operations  to  the 
Kqniri'uients  of  the  day,  t^'^^j'^ng  abreast  in 
ill  departments  with  the  rapid  progress  of 
Khe  iron  age  in  which  we  live. 

SAY  Ah  Enuinkebi.nq. — At  the  late  meet- ' 
_  ing  of  the  Institution  of  Naval  Archi- ' 
tcctB,  many  important  papers  were  read,  ab-  i 
itracta  of  whicn  will  appear  in  these  pages,  j 


HYDROGEN  AS  AN  ILLUMINATING  GAS. 

From  the  **  Meehaoiea'  Magaiine." 

In  every  process,  chemical  or  mechanical, 
a  certain  amount  of  loss  or  waste  of  either 
material  or  power  must  take  place.  The. 
results  obtained  by  a  chemical  process  never 
coincide  exactly  with  the  theoretical  formula, 
nor,  mechanically,  can  the  work  done  ever 
equal  the  power  applied.  An  ignorance,  or, 
what  is  worse,  a  culpable  neglect  of  these 
fundamental  principles,  hns  led  scientific  fa* 
natics  to  spend  their  time,  money,  and  ulti- 
mately their  lives,  in  a  fruitless  search  after 
the  impossible.  The  loss  accruing  to  ordi- 
nary gas,  from  the  very  commencement  of 
its  manufacture,  to  the  moment  that  it  flows 
from  the  burners,  as  a  source  of  illumination, 
is  occasioned  by  both  chemical  and  mechan- 
ical unavoidable  imperfections.  The  latter 
is  caused  by  leakage,  owing  chiefly  to  defect- 
ive joints,  unsound  pipes  and  the  carelessness 
of  those  who  are  concerned  in  its  manipula- 
tion and  distribution.  The  former  is  due  to 
chemical  action  solely,  and  could  scarcely  be 
prevented,  which  is  not  the  case  with  the 
other  sources  of  loss.  About  fourteen  per 
cent  may  be  taken  as  the  average  loss  incur- 
red in  the  manufacture  and  burning  of  ordi- 
nary gas,  or  that  which  represents  the  actual 
discrepancy  between  the  theoretical  and  prac- 
tical results.  The  composition  of  ordinary 
gas  consists  mainly  of  carbureted  hydrogen 
gases;  and  as  hydrogen  itself  possesses  no 
power  whatever  of  illumination  or  brilliancy, 
it  is  not,  at  first  sight,  quite  obvious  what 
advantage  results  from  its  presence.  Any- 
one who  has  dabbled  in  elementary  chemis- 
try is  aware  that  hydrogen  gas,  when  tolera- 
bly pure,  burns  with  a  pale  blue  flame, 
emitting  little  or  no  light,  but  endowed  with 
a  very  high  temperature.  At  the  same 
time,  by  causing  its  high  temperature  to  act 
upon  other  bodies,  such  as  platinum  and 
lime,  it  develops  a  flame  of  great  beauty 
and  brilliancy.  To  a  similar  cause  is  duo 
the  illuminating  properties  of  ordinary  gas* 
The  action  of  the  high  temperature  of  the 
burning  hydrogen  upon  infinitesimal  parti- 
cles  of  carbon  renders  them  incandescent, 
and  imparts  to  the  gas  its  powers  of  illumin- 
ation. Hydrogen,  therefore,  destitute  of 
brilliancy  when  pure,  becomes  possessed  of 
that  proi)erty  when  in  mechanical  combina- 
tion with  carbon — in  other  words,  when  it  in 
carbureted.  If  it  were  possible  to  bestow 
upon  hydrogen  illuminating  properties  with* 
out  carbureting  it,  as  in  the  ordinary  manu* 
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•'  In  ordof  to  mvoid  thcie  objcctioniit  I  tried  to 
Attain  mj  object  by  &  directly  oppoaite  road^  that 
ii  to  t&y,  in  diaeugagiug  tbo  pboapboruj  in  the  form 
of  ftu  hydrogenous  eompouadf  but  then  arose  the 
question  whether  the  urbolfl  of  tho  pbo^pbonift  paia-  j 
ed  inuj  the  fotoa  of  a  gawoui  pnKluct.  Tbii  was, 
bowevoTi  proved  by  the  fact  that  no  iraoo  of  ptioa-  I 
phoriis  waa  tfnt  to  be  found  in  tbt3  reeti Juam  after  the  | 
iron  had  be«!n  complotcly  aeted  upon  by  hydrochloric 
acid.  This  ru»ult  ought  to  eanso  no  iarpri»ef  oousid^ 
ering  the  very  energttic  ttffinity  which  pho*phor««  baa  ^ 
for  hydrogen.  The  phusphnretod  hydrogen  produc-  \ 
ed  by  the  action  of  hydroobloric  acid  on  iron  ti  al- 
most atwajt  aoeompanied  by  enlpbiireted^  araeniai- 
ed,  and  carbonated  hydrogen.  In  order  to  effect  the 
separation  of  theie  g^a^^es.  they  niay  be  made  to  puts 
first  through  a  WoIPb  bottle  eontaining  a  tolution  ot 
potash,  which  ab»orb»  the  nulphureted  hydrogen; 
then  throtigh  a  eolution  of  nitrate  of  tilver,  whioli 
tranifurros  the  ar»i?niiiled  hydrogen  into  ar»oaile  of 
eiLvLT  Biiluhio  in  the  liqnid  bocouiefl  iligbtly  acid, 
whHc  phoKphurcted  hydrogen  precipitates  the  ar- 
gentine fiotuti'^  and  fornjB  iutolubte  phcephoriif* — 
The  phoflphoriiH  being  thwi  abaolutely  separated  from 
the  sulphur  and  the  artenic,  it«  amount  it  ascortain- 
ed  with  Ihc  grenteit  case;  the  phosphure  of  lilirer  ii 
treated  with  aitro-muriatic  acid^  and  tbuslrunsform- 
cd  iiito  chlorure  of  silver  and  phosphoric  acid,  which 
is  precipitated  in  the  form  of  ammoniaeai'magaeAian 
phosphate.  This  prt-cipilate,  wh«?n  ea1eined>  giret 
the  proportion  of  the  phonphorus  to  the  tron> 

*'In  order  to  obtain  the  wiiolo  of  the  pho»pboruf 
the  following  prvoautions  rauit  be  ubstTTed:  Lei  the 
iron  be  attacked  gradually,  otherwiie  a  portion  of 
the  phoiphnreteU  hydrogun  may  traverse  the  solution 
of  nitrate  of  silver  without  being  abtorbed.  And 
when  the  action  od  tho  iron  U  I^Bisbcd^  pusis  ihro  >gh 
the  apparatuti  a  wire  am  of  hydrogen  which  has  prori- 
ouity  been  waahod  in  acetate  of  lead. 

*'The  floluiton  of  potash  contaioi  all  the  tulphur 
which  wai  prccent  in  the  iron  treated,  and  in  order 
to  ancertain  th«  quantity  of  that  subitance  the  oln- 
tion  mutt  be  treated  with  acetate  of  lead;  the  pro- 
otpitate  produced  ia  at  firat  a  mixtttre  of  oxide  and 
sulphite  of  lead,  bnt  the  oxide  ii  loon  redissolvedand 
the  Nulphile  ttill  remains.  The  precipitate  muit  be 
cnllcetud  in  a  filter,  waihcd  wHb  di»tilled  water,  and 
completely  dried  before  being  weighed.'* — TheEtkgi- 

TBB  SrBMB2f3'MARTtI*f  PROORSS.— Tho  "Min- 
ing Journal  "  laya  that  Mr.  Bernard  iSamaelion, 
M.  P<,  ha«  ereoted  oxteiiflive  works  at  Newport  and 
South  Stockton,  for  the  manufacture,  on  a  very  large 
tcale»  of  rails,  ani^let,  platet  and  theets,  by  this  pro- 
ceti.  RivhardsQU  and  Johoion**  process  of  purifiea- 
tion»  will  be  nidd  ia  the  prelimiuary  protseitos,  and 
Siemens'  furnacefi  for  heating,  Ac.,  are  to  be  em- 
plojrcd  throughout. 

EXTENT  OF  Tns  BeSSRUIIR  MANrPACTTURB  OS 
THE  CuTiTiKBXT. — There  are  now  in  use  in  Eu< 
ropet  Italy  and  Rusiiaeioepted,  13S  Bessemer  con  vtr- 
torst  these  having  a  total  capacity  of  ;^d^  tons.  Kropp 
ii  the  largest  owner  of  Besfeuaer  oonrerters,  there 
being  thirteen  at  ths  Essen  works,  some  of  them  hav- 
ing a  capacity  of  teven  Ions.  In  France  20,000  tons 
Of  Bfssemer  steel  were  made  iu  1867^  and  35,00i>  tout 
in  186S. 

¥ATRR  BOSHBS  FOR  CUFALAS. — ^In  tho  **  Me- 
chanic's Magasine^^  of  February  12,  ld59,  this 
900Stnictionii  as  patented  by  Mr.  John  Thomas,  of 
HewGastte^on-Tyno^  is  folly  illustrated  and  de- 
seribed*  The  object  it  to  prevent  the  oxeetsive  wear 
of  bricks.  The  water  boshes  are  covered  oo  the 
in»tde  with  tpiki^^,  like  a  fouoder^i  loam  plato,  by 
which  the  refractory  lining  is  beld  in  plaoo* 
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EW  MeTOODOF  PlLlKO  LAB6B  AbI«>*?Li 

— An  experiment  in  rolling  lar^^  n 
recently  made  at  the  work*  6f  Sir  J*,'. 
The  plate  manufactured  m  '  .  n 

long,  8  ft.  6  in.  wide,  and 

expcriencfd  iu  producing  i    _      .  i'vj 

been  in  beating  sufficient  wide  pilot  la  ib*  (u 
in  thoroughly  driving  out  the  sl«f  &»d  rtb' 
would  become   incorporated  in    >' 
process  of   Mr.   Ellis,    the  o^pn 
company,  the  piles  are    buitt  uy 
row,  and  are  patsed  through  the  ti*U*  < 
of  the  mass  beo^roes  equal  to  the  ftni» 
the  plate.     The  pile  is  ihen  "  ■ 

the  direction  of  itJi  breadth 
and  thickness  if  attained, 
plate  was  constructed  was  buiii 
7  ft.  by  ft  ft.,  and  %l  in.  thick,  v. 
WM(  heated   for   liiteen   hours    { 
which  operation  occupied  three- 
from  the  time  when  the  pile  was 
furnace.     The  snecessfol  issue  of  ihi>» 
mi  set  a  great  advance    in  the   manul 
armor  plates;    and    the   difficoMy  of 
piles  buibg  avoided,  plates  8  ft.  wide,  ani 
12  ft.,  but  20  ft.  or   3d  ft.   long,  can  be 
tho  method  of  Mr.  Ellis. — Engineering, 

PCNTINENTAL  COMPETITION  ^-^  -^'^  F^ -^  **'  - 
'  '  Belgium  and  France  oi  tcti 
orders  from  the  Huitian  and  An^r 
plan  adopted  in  Belgium  it  to  fkica^  a  cui&£.iUu  :i 
ironmasters*  who  appoint  one  of  their  ovnl^ee  tatSs- 
dcr  for  any  large  contracts  '^  "  -^  -^  ^*o  ofltrtd.  B» 
proceeds  to  the  spot,  and  \^  >  intsrertsfsB 

the  makers  of  rails  iu  Bv\j  i ronmiitsrt Ii- 

oido  upon  the  terms  which  iio  may  o(T«t«  a»^  lis 
orders  are  divided  among  them  pro  r»ta  of  thfwwtsii 

of  prodoctioo.     Payment   >  -  '"    "■»mi4sly 

bills  or  guarantees,  which  >  ^iwiMsit 

aocepe  without  daogcrt  Atiri  nrn*^' 

the  operations  of  the  commttUit 
risk  is  divided  amongst  a  large  ' 
als.  and  when  lofses  are  made   '■ 
from  being  divided.     Our  auth* 
lowing:  Tho  English   railmukcr 
the  greater  part  of   tbo  steel    ra.ils  fc<^>;iitd  lof  '^* 
Amsrican  railwaysi  now  the  French  hoos«  •«•  *• 
threaten  formidable  eompetttttm.     >1^'    t  .unJ-w- 
det  et  Cie.  have,  it   it  said,  r*oentt> 
tons  of  steel  rails  to  the  New  York  < 
Company,  and  oontiderable  quantities  Ui  v^i^tf  r^- 
psnies.— %fouriial  d€M  Traraux  Puhiic$, 

BLAST    FtRKACK     SlAO     FOR     Bt  TLDt»r<l   A«J 
Paviko.— The  following  m«tht>d  ia  c«j«  •*«?*'• 
in  several  iron  works  in  B-i  ■   lUff  isalkww 

to  ran  direct  from  the  furr  lU  sbeat  tip* 

or  nine  feet  in  diameter  at  u.%^  .-.ry,  v. ah  sidetiltff**! 
inwards  towards  the  center,  where  Ibef  ait  •*•■* 
Ihree  feet  deep.  The  maM  is  left  for  elghl  oraiat 
days  to  cool,  when  a  hard,  c&mpaot,  oryttaljfipstt*** 
is  obtained,  which  ts  quarried  and  used  f*r  titil^ 
purposes,  but  chiefly  for  pariog'Stooat.  Tbersppj' 
to  wear  exceedingly  well,  being  qoit©  eowa]  to  111 
griti  and  sandstones  already  so  muoh  used* 

EXPANRtON  OF  Iron  DrRlKO  COOLIXO-— I*  »* 
stated  in  the  «' Scientific  Review'*  thai  >if- 
Qore^  of  Birmingham,  whilst  making  aoot  sal*^ 
mcnts  on  beating  a  strained  ir«o  wtr#  hi  r^nt^ 
by  means   of  a  current   of   voltaic    -  ^^ 

observed    that   on    disonnnecting    tli  •'■ 

allowing  the  wire  to  oooU  during  ...^  ,.  *  * 
cooling  the  wire  suddenly  eloa^l^d*  aad  ^** 
gradually  shorlened  tifitil  It  b*t<aBie  <|tiil»  ^^' 
No  explanation  of  the  aotioo  hasy  so  Cisr  M  ** 
are  aware,   been  advaneed. 
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AXCE  AND  NAVAL  NOTES. 

tKw  £lbvev-Inch  Guns  for  Russia. 
;  fiT«  je»ra  ago,  when  the  Rosiian  artil- 
me  of  mussle-loading  rifled  cannon,  the 
(romeoi  bad  ordered  of  M.  Krapp  a  cast- 
that  Byttem,  rifled  11-ineh  here,  English 
ioee  then,  numeroos  experiments  having 
red  to  prove  tbo  inperiority  of  brcech- 
s  throwing  projectiles  larger  than  the 
issian  artillery  has  decided  on  adopting 
zelDsively.  At  the  time  of  this  decision 
vas  in  a  forward  sUte  of  mannfactore  as 
dor,  and  when  its  conversion  was  con- 
here  was  reason  to  fear  that  the  walls  of 
Id  bo  too  thin  for  the  slot  for  tbo  breech - 
irther  experiment-s  on  the  resistance  of 
ifferent  thieknesses  having  demonstrated 
ty,  the  alteration  to  a  breech-loader  on 
Dciple  was  made.  This  gun  has  been 
a  prolonged  trial  of  400  roands,  the 
d  by  the  Russian  authorities.  The  de- 
rnn  are:— Totel  length  of  bore,  160.2 
DOS;  length  of  rifling,  113  in.;  number 
16;  weight  of  gun,  26  tons,  11  cwt.  3q. 
r*ight  of  the  projectile  is  496  lb. ;  the 
e  charge,  824  I^-  of  Russian  prismatic 
e  initial  velocity  communicated  by  this 
is  projectile  was  1,.308  ft.  The  gun  stood 
Is  with  thin  charge,  and  remained  in  a 
tundition.  The  above  quantities,  as  well 
ih  follow,  are  all  in  English  measure,  the 
having  been  reduced  from  the  Prussian 

IS. 

1 -piece  was  Krupp's  single  round  wedge, 
mished  for  the  experiments,  one  having 
nife  apparatus  for  measuring  the  pres- 
as  in  the  chamber,  and  which  was  only 
-  purpose;  the  other  an  ordinary  breeeh- 
»d  for  the  endurance  trial.  This  breech- 
I  experimental  practice,  worked  through- 
greatest  ease,  and  all  escape  of  gas  was 
Bvented  by  one  firoadwell  ring,  which 
le  whole  number  of  roands .  The  explo- 
barge  took  place  in  the  direction  of  the 
ore,  ignition  having  been  elTeoted  by  a 
the  breech -piece.  The  gun  was  sponged 
cry  30  rounds,  but  care  being  always 
>ricate  the  lead  coatings  of  the  projec- 
%M  not  the  slightest  appearance  of  lead- 
Boves.  The  gnn  was  sponged  with  soapy 
I  effectively  removed  the  slightest  foul- 
attering  formed  at  the  seat  of  the  pro- 
l  the  firing  by  the  passage  of  the  gas  did 
iree  millimetres  in  depth  at  tbo  finish  of 
I  all  did  not  seemingly  attain  this  depth, 
lis  are  larger  than  those  observed  after 
i  the  Krupp  breech -loading  9-inoh  gun, 
(umstanee  is  attributed  to  the  fact  that 
nin  had  an  ordinary  chamber  concentric 
i;  whereas  all  the  guns  of  the  new  con- 
ich  as  the  9-inch  gnn  referred  to — have 
mbers.  The  II -inch  gun,  having  been 
kder,  has  not  the  necessary  length  of 
rceeh-Ioader,  and  the  new  breech -load- 
this  calibre  about  to  be  supplied  from 
ts  will  have  the  bore  longer  by  2^  call-  , 
the  initial  velocity  communicated  to  the  I 
shot  by  a  charge  of  82^  lb.  of  prismatic  ! 
bo  increased  to  about  1,360  ft.  per  see- 
in  was  discharged,  as  we  have  said,  by  a 
the  wedge ;  but  there  was  another  vent 
f  the  gun,  which  was  closed  by  a  steel 
M  not  used.  The  objects  of  theexperi-  i 
9  ascertain  the  charge  required  to  give  I 
».  Russian  (496  lb.  Englii«h)  an  initial  • 
I  least  1,300  ft.;  to  demonstrate  by  aj 
r^Dce  ihorty  with  the  charge  tbns  arrived  i 


at,  a  Krupp  ll-inch  breech-loader  will  sUnd  a  great- 
er number  of  rounds  than  is  required  to  render  it  fit 
for  active  military  service. 

With  respect  to  the  powder,  experiments  in  Rus- 
sia and  at  Essen  had  shown  that  the  prismatic  pow- 
der introduced  into  Russia  some  years  since  was  vory 
well  adapted  for  attaining  a  high  initial  velocity 
without  an  excessive  strain  on  the  gun,  and  the  Rus- 
sian government,  therefore,  sent  to  Krnpp's  factory 
a  quantity  of  this  power,  manufactured  in  1865  at 
Oohta,  for  these  trials.  The  factory  had  also  a  stock 
of  prismatic  powder  made  by  Ritter,  of  Hamm,  in 
Rhenish  Prussia,  according  to  the  Russian  formula. 
The  cartridge  bags  were  of  single  cotton  stuff,  the 
cartridge  forming  a  regular  hexagon,  with  tiers  of  37 
prisms;,  the  greatest  diameter  of  the  hexagon  being 
9.65  in.,  the  smallest  8.80  in.;  the  length  of  the 
cartridge  without  the  choke,  27  in.  The  shot  were 
of  solid  cast  iron,  with  lead  coating.  The  gnn  waa 
mounted  on  a  proving  carriage  with  cast-iron  sides, 
which  afforded  no  oonrenience  for  loading;  the  recoil 
was  on  an  inclined  plane,  so  that  the  gnn,  after  each 
round,  ran  back  to  nearly  its  original  position.  It 
stood  in  a  roofod  place,  and  the  firing  was  into  an 
earth  butt  at  a  disunce  of  about  62^  ft.,  also  roof"d 
over.  The  initial  velocity  was  taken  with  Captain 
Le  Bonlange's  chronograph;  the  first  wire  target 
stood  at  18  ft.  from  the  mussle;  the  second  was  32.9 
feet  from  the  first.  The  target  wires  were  fastened 
separately  to  iron  frames;  their  thickness  three- 
eighths  of  an  inch  in  the  front,  and  a  quarter- of  an 
inch  on  the  second  target;  the  insulated  communi- 
cating wires  were  perfectly  protected  from  the  gas 
when  the  gun  was  fired.  The  average  pressure  of 
the  gas  of  3,209  atmospheres  is  stated  to  be  far  from 
straining  the  gun  up  to  its  limit  of  elasticity.  Rit- 
ter's  powder,  according  to  the  details  of  the  experi- 
ments, appears  to  try  the  gun  less  than  the  Russian 
powder.  The  piece  was  served  by  eight  men,  two  of 
whom  had  to  fetch  the  cartridges  from  a  magaxino 
150  metres  away.  For  the  sake  of  the  durability  of 
the  earth  butt  the  shot  were  dug  out  after  every  60 
or  70  rounds.  Between  every  two  days  eonsecntive 
firing  gutta-percha  impressions  were  taken  and  the 
chamber  measured.  The  gutterings  have  not,  even 
after  400  rounds,  assumed  a  character  in  any  way 
serious  to  the  durability  of  the  gun.  The  regular 
breceh-piece  did  duty  in  the  gun  during  307  rounds, 
with  a  charge  of  91  Russian  lbs.  (82^  lbs.  English). 
Putting  together,  for  comparison,  the  results  of  the 
trials  with  Krnpp*s  9-in.  12-ton  gnn,  with  hoops, 
tried  in  Russia,  his  11 -inch  gun  (26  tons),  with 
hoops  (trial  at  Essen),  and  our  English  12-inch  mui- 
ile-loader  (trials  in  England),  we  have  the  vis  viva 
of  the  shot  in  metre  tons  as  follows: 
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According  to  the  above  formula,  Krnpp's  26.toa 
11 -inch  breech-loader  is  a  more  powerful  gun  than 
our  12-inch  24-ton  mniile-loader.  The  new  guns, 
now  making  under  the  Russian  contract,  will  bo  of 
rather  larger  measurements  than  the  converted  gnn 
used  in  the  experiments  above  described.  Their  de- 
tails will  bo:    Weighty  including  breeeh-piaeo»  26 
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too*  11  cwt.  3  qr*  3  lb.  \  no  prtpond^msoo  iht  th« 
tir«c«h;  length  over  all,  IS  ft.  4  to.;  nUitig — U 
grooves,  0.13i>  in.  dcepj  0.7tt  to  0.64  in.  wide;  width 
tf  Iftfidf,  at  cbumber,  0.t7  iu.;  af  groovei,  0,70  ifi.^ 
At  muzKle,  0.17  in.  and  0,:{2  iu. ;  dminetor  of  bore 
over  tb«  Undt,  11  in.,  ovor  tbo  groorea,  1L40  \a,\ 
vmxghi  of  £tee1  tbeU  loaded^  496  lb,-,  chargia  for  gun, 
82  Ibt ;  iiiitial  v«looitj  of  prujettiie,  1,3£0  f l.— ixwi- 
doti  Hiafuiard, 

STB  AM  Launches. — One  of  the  most  important 
partF  of  tho  equipmont  of  a  ahip  of  war  i«  un- 
douhtedljr  ber  boat«  and  their  capabilities.  In  this 
redpeet  the  sbipj  of  the  Engliih  navy,  a  few  year* 
finoe,  were  far  behind  th  le  of  Franoe  or  Russia  ^  bat 
at  the  preient  time  the;  are  muoh  more  efiicienily 
pro%*ided  than  the  shipe  of  anj  other  nation.  For 
8ume  time  after  f  team -power  wa4  applied  for  the 
propulaion  of  boati  attach(»d  to  i^bip  of  ibe  French 
knd  KuAiiian  nariea,  our  own  anthortttea  atood  b; 
oum  and  aailii  and  when  thej  did  fallow  on  the  new 
traok  It  was  oulj  done  at  iirst  in  a  eompromiiing  and 
bungling  kind  of  way.  In  their  application  of  ateam- 
Dower  to  boatp  our  frienda  aimed  at  rendering  the 
boat  a  kinil  of  miniature  despatch  tender  to  the  ahip, 
posteising  at  much  apved  aa  conUl  be  given  by  the  en- 
gine and  boiler  curryinM:  power  of  her  tunnage,  with- 
out the  usual  heavy  gun  at  the  bow  or  aturn,  and 
with  no  great  capaoilj  for  atowage  beyond  fiiel»  bat 
with  good  towitig  poweri,  ao  that  ahe  ooul4  lake  a 
atring  of  heavily -nrmed  boat*  into  or  oat  of  any  po- 
aition  that  might  be  deaired  on  a  coast  at  a  moderate 
apeed*  Our  first  efforta  in  the  same  direction  was  to 
rdttfte  iwin-?orew  engines  and  hollers  in  the  heavy 
bnilt  ateam-tauncbes  already  attached  to  our  ahipa, 
retailing  them  at  the  same  time  in  all  their  original 
form  aa  gnn-oarryiug  buataj  with  armed  crewa  and 
fltorea  of  shot,  aheVU  masta^  laila,  oars,  water,  and 
provisioDi,  Ac. ;  the  clumsy  bluEF-bowed  mouiters  be- 
ing, when  thua  loaded,  scaroely  nhle  to  hold  ihotr 
way  against  a  moiierata  wind  or  tide  in  a  river  way, 
and  nueiess  altogether  fur  towing  pnrpoaea. 

The  fitting  out  of  two  aurveying-iloopa  for  fferviee 
in  the  Chinese  and  Japanese  teas  led  lothe  introduc- 
ti»n  of  quite  a  different  claia  of  steamboat  into  oar 
Davy,  a  type  of  boat  which  more  nearly  approached 
that  adopted  in  the  Frcueh  and  Enasian  narics  ia  its 

fcneral  prinoipli^s  as  simply  n  despatch  and  towing - 
oai^  but  excelling  them  gri'atty  in  having  suporiur 
speeds  eombiiiud  with  the  llfe^boat  principle  in  the 
boafs  eonatructiont  the  latter  arrangement  render- 
ing them  ooainkable  wb«n  Silled  with  water  to  the 
{gunwale's  edge  when  carrying  engine  and  boiler  and 
a  double  ertw  on  board.  Quite  recently  alao  it  bai 
been  proved  that  the  engines  of  these  boats  can  be 
driven  noiaelessly,  a  most  important  deaideratnni 
when  they  may  be  engaged  on  reconnoitring  or  out* 
ting  out  ezpeditirms ;  and  orders  issued  from  the  Ad- 
miralty  direct  that  all  luoh  boata  in  future  supplied 
to  her  Majesty's  ahipa  arc  to  he  fitted  with  th©  en- 
^nea  working  on  the  noiaetoss  principle.  The  build- 
er to  the  Admiralty  of  these  steam  life-boat  launches 
ftnd  pinnaces^  Mr.  John  Sumtiel  While,  of  Eiiat 
Oowea,  Isle  of  Wight,  has  sent  in  to  Fortamouth 
Dockyard  during  the  past  week  four  pinnaces,  >os. 
01  di  10  and  IS,  under  his  contract  with  the  Admi- 
ralty^  which  have  since  been  put  through  their  trials 
by  tho  officials  of  the  yard,  and  very  salisfaetory  and 
BOf'cc^sful  resulia  obtained.  After  passing  through 
tri  HviKter-prvsMure  test,  they  were  finally  tried  over 
TV  iiicfisurcd  milM.  Noa.  8,  9  and  10  are  boata  of 
^  between  perpendiculars,  and  are  driven 
row  engines  of  8ix*bora«  power  nominal. 
.  -^  (rted  ivt  a  draught  of  water  of  3  ft.  l|  in. 
oh  ufjd  2  tt.  i[  in.  forward.  Her  fuur-bladed  eom- 
itr  ri  t^trow  hjid  a  diameter  of  S  ft.  Q\  in.,  a  pitob  of 
4  ft.,  a  length  of  5^  in.,  and  an  immersion  of  the 
tpper  edge  of  1  In.    The  mean  revolalioua  of  the  en- 


gines were  249.33,  and  the  boat's  mean  •pttA  TJH 
knotff  per  hour.  No.  9  was  tried  at  iha  lame  im^ 
of  water  as  No.  B.     Her  four-bladed  eontaaa  Mrt« 
had  a  diameter  of  2  ft.>  a  pitch  if"         •  -  ..    > 
6|  in.y  and  an  immenioo  of  the   . 
Tne  mean   revolutions  of  the   ct  . 
and  the  boat's  mean  speed  wai  T.Wm  kouu  r 
No.  l.*^  was  tried  at  a  draught  of  w«ter  of 
and  2  ft.  5\  in.  forward,     ifer  four-hI&  ic  i 
screw  had  a  diameter  of  2  ft.  6|  in.,  a.  r  ^     : 
4  in.,  a  length  of  4|  in.,  and   an    icutu'     ; 
upper  edge  of  3^  in.     The  mean    rcvnl 
engines   were   282.66,  and    the    boat': 
7.2Sa  knots  per  hour.     No.  lu  wa-  '- 
of  water  of  3  ft,  aft  and  2  ft.  > 
four-bladed  cotnmon  sorow  had  K '^ 
in.,  a  pitch  of  4  ft.  2  in.,  a  length  wl 
immersion  of  the  upper  edge  of  1|  i; 
revolutions  of  the  engines  was  24W.^.  a. 
mean  speed  8.040  knots  per  huur.     It  ^ 
weather  when  all  the  boats  were  tried  ^ 
ufed  mile.     All  four  of  the    boats  wcr«3  in)  a^oJ 
some  and  buoyant  in  thctr  appearance  wbta  aedrf 
full   steam    pressure  in  running  over  the  mcesuvl 
mile. — Armii  and  Aairy  GaztiU* 

TUB  Vavasseur  Gpk. — A  sloe]  Tin.  iniiii^ 
loading  gun,  designed  and  buiii  by  Mr.  J.  \%nu- 
seur,   of  tho  London    Ordnanc«    V>  ;, 

waa  reoently  submitted  tu  a  privu 
as  could  be  judged  by  the  eight  r- 
with  highly  smiisfactory  reaults.     The  guu  j>  mtJ* 
euttrelj  of  Firtb^s  steel,  the  material  front  wbirh  tli 
A  tubes  of  the  Woolwich  heavy  ;:  ■     v:H. 

The  inner  tube  of  the  Vatasn  ;j;ikrts 

that  of  a  service  gun  of  the  samt<  i  ^«wfo 

ered  for  its  whole  length  by  an  uuter  iuU  iktval 
ovor  tbe  inner.  This  ring  i«  in  two  lengths,  tk*  frst 
reaching  at  far  as  the  chaiii^  '  :<!«ti4  preiwu 
ing  the  A  tube  from   the   ^  the  Aantf. 

Over  the  second  tier  is  ahrutj  uf  sU«!  koj^, 

which  extend  towards  the   muiil«'  vi  the  g  i' 
trunnions  are  of  w rough t-iron,  forg&d  npun  a* 
iruA  band,wbtchisahruiikori  -  *'      -       rvod  liip  iir*~ia 
is  cloned  by  a  ateel  oascabk*  ^  thn  auil  af  ibi 

avcond  or  B  tube,  which  ft>r(>  ^r  of  tb'-  i^'-'*' 

The  entire  length  is  123  in. ;  Lhv  lirugih  of  1 
in.;  the  external  diameter  at  the  muiaU  ^ 
the  diameter  at   tbo  breech   is  24*4  h 
weight,  5  tons  1  cwt.  ;  the  trunnions  ar  «i 

to  give  a  preponderance  of  &}  cwt.      ii;  *a 

an  uniform  twist  of  1  in  SS^ralibers,  at»d  oi^tiJ««U«l 
three  ribs,  with  a  flat  table  one  inch  wi<l««  aodnM 
from  the  bore  about  Iwo-teothi  of  au  inch. 
I      This  gun  IB  muunted  on  a  steel  carriage  arel^Pf 
22  cwt.,  the  slides  being  12  ft    long,  and  iS  rwl-  ki 
weight,  making  a  total  of  &4  owt.     The'  reee>l1  lt(k^ 
iorbed  by  a  coned  disc  working  withtn  an  Iron  d»«B» 
the  rotation  of  which  is  regulatcrfl  by  an  ad)«sokl# 
brake  strap,  tightened  by  a  scrow  providad  wiik  ■■ 
index  divided  into  tenths.    The  diso,  which  is  «f  lr*« 
faced  with  wood,  is  pUeed  at  the  forward  ead  of  cbt 
slides,  and  is  mounted  upon  a  square -t^rvaded  sere* 
shaft,  with  a  pitch  of  30  in.,  and  which  traveraci  tke 
whole   leuj^th   midway  betwoun  the  slides.     One  std 
of  tbe  screw  shaft  curriee  the  di<e,  which  1j  14  ia.  » 
diameter  and  3  in.  wide,  and  which  fiu  withia  tks 
drum  befora  mentiuned.     Tbe  under  side  nf  the  sar- 
riage  carries  beneath  it  a  nut  working  on  U10  teffV 
I  shaft.     The  recoil   of  the   gun    incident    qek^    the 
I  Gring,  throws  the  nut  upon  the  bearipg  si«J«  t^f  the 
,  thread,  and   tightens   the   disc  against  th»   eirsuiD'' 
I  scribing  drum,  absorbing  the  forcv  of  the  rceoti  m 
the   nut  traverses  down  tho  revolving  tbalt,  wtlka 
'  rapidity  regulated   by  the  adjuetmetii  of  %km  htakB 
strap. 
I      In  running  out  the  gun,  the  carriage  it  rml*e4  ^ 
I  the  rear  end  upon  the  rollers  tiff  the  lUdat  by  • 
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tk«  aame  motion,  by  a  eonneetlng  Ihik,  throw- 
e  TQDiiin^-oat  wheels  into  gear  with  a  pinion 
|the  carriage,  wbieh  worka  into  a  dotted  rack 
to  the  aide  plate  of  the  slide  along  its  whole 
.  This  gearing  is  worked  bjband  in  the  usaal 
r.  80  soon  as  the  carriage  begins  to  travel  the 
1  brake  ig  released,  so  that  the  diso  and  drum 
>  resistaaee.  When  the  carriage  is  xtended 
1  length  it  is  lowered  again  on  to  the  slides,  and 
saing-out  wheels  are  thrown  ont  of  gear. 
rc«ent  trials  had  for  their  object  the  testing  of 
rriage  rather  than  the  gun.  The  following  ta- 
ea  the  results  in  a  cuodensed  form : 


Elevation. 

Charge. 

Compresior. 

Recoil. 

deg.  min. 

lb. 

ft.    in. 

6        3 

14 

7-10 

3      7 

U 

13.20 

i      0 

2S 

16-20 

2      6 

22 

2V-40 

2    11 

22 

7-10 

3      8i 

22 

7-10 

3      6 

22 

7-10 

3      41 

S      30 

22 

4.5 

1      0 

gun  and  ea rriage  will  be  donbtless  submitted 
sial  trial,  which  wiil  help  to  decide  the  corn- 
re  Taloea  of  »teel  and  iron  as  a  material  for 
ordnance .     Experience  has  shown  in  the  tests 

•  Woolwich  guns  that  a  steel  tobe  reinforced 
;lj  bj  a  wronght-iron  casing  remains  senricea- 
rier  its  bore  has  become  flawed,  and  its  material 
lerablj  weakened,  bj  means  of  the  tensile 
;th  of  the  surrounding  metal,  which  is  exerted 
I  direction  of  the  strain  upon  the  steel  tube. 
iviog  of  weight  in  steel  ordnance  does  not  rep- 

a  corresponding  saring  in  cost.  A  lengthened 
iance  must  decide  that  a  large  balance  remains 
'or  of  ate^l  as  an  exclusive  material  for  guns 

•  the  Woolwich  system  of  manufacture  is  super- 
. — Emginttring, 

PARATivg  Casualties  op  War. — The  Be- 

tta  Mililar,  of  Lisbon,  contends  that  the  per- 
gof  firearms,  far  from  increasing  the  mortality 
lUes,  has,  on  the  contrary,  diminished  it,  and 
«  the  following  instances:  At  Austcrlits  the 
h  lost  14  per  cent.,  and  the  Austrians  and 
iana  respectively  14  and  30  per  cent,  of  their 
rs.  At  Moscow  the  French  loss  was  37,  while 
.oaaian  loss  was  44  per  cent.  At  Wagram  the 
Itiea  were,  among  the  French  13,  and  amongst 
oatrians  14  per  cent.  At  Baatien  the  French 
Sy  the  Russians  and  Prussians  14  per  cent.  At 
rloo  the  losses  of  the  Allies  were  31,  and  of  the 
b  36  per  cent.  Then  comes  the  contrast.  At 
nia  the  French  lost  but  7  per  cent,  of  their 
I,  and  the  Austrian  percentage  did  not  exceed 
la  at  6olferino  the  losses  of  the  combatants  were 
d  8  per  cent.  It  is  hardly  fair  to  compare  the 
I  of  Murfreesborough  with  those  of  regular 
tCy  but  according  to  the  report  of  Qen.  Kusen- 
,  which  caused  fome  surprise  at  the  time  it  was 
ibed,  20,000  discharges  of  cannon  put  only  728 
hoT9  dt  €OWibatt  and  out  of  2,000,000  musket 
no  more  than  13,330  took  effect.  It  thus  took 
BBon  balls  and  150  bullets,  or  about  262  lb.  of 
,  to  diaable  each  soldier. 

►WBL  Bayonets.— The  200  patent  trowel 
ayoneta,  which  have  been  making  at  the  Spring- 
armory,  will  soon  be  placed  in   the   hands  of 

•  far  Uial. 


THE  British  Iron-clad  Fleet.  Its  Cost. 
According  to  a  Parliamentary  return  just  issued, 
it  appears  that  the  number  of  iron-plated  ships  afloat 
is  thirty-four;  there  are  also  ten  building.  Of  four 
floating  batteries,  two  are  not  yet  completed  for  sea. 
Of  the  number  of  armor-clad  ships  afloat,  fourteen 
have  iron  hulls;  the  following  are  only  partially 
armor-clad,  vii :  The  Black  Prince,  with  28  guns, 
tonnage  6,109,  horse  power  1,250;  Warrior,  32  guns, 
tonnage  O.lOi*,  horse-power  1,250;  Defence,  10  guns, 
tonnage  3,720,  horse -power  600;  Resistance,  16  guns, 
tonnage  3,710,  horse-power  600;  Achillea,  26  guns^ 
tonnage  6,121,  horse-power  1,250;  Hector,  18  guns, 
tonnage  4,089,  horse-power  800;  Valiant,  18  guns, 
tonnage  4,063,  horse-power  800;  Northumberland, 
28  guns,  tonnage  6,621,  horse-power  1,350;  Bellero- 
pbon,  15  guns,  tonnage  4,270,  horse-power  1,000; 
Hercules,  14  guns,  tonnage  5,234,  horse-power  1,200; 
Penelope,  11  guns,  tonnage  3,006,  horae-power  600; 
Waterwitch,  2  guna ;  Viper,  2gun8;  Monarch,  7  gnna. 
Five  of  those  afloat  with  iron  nulls  are  wholly  armor- 
clad,  vis :  the  Minotaur,  with  26  guna,  tonnage  6,621, 
horse-power  1 ,350 ;  Agineonrt,  28  guns,  tonnage  6,62 1 , 
horse-power  1,350;  Prince  Albert,  4  guns;  Scorpion, 

4  guns ;  Wivem,  4  guns.  The  Vixen,  with  2  guns, 
has  her  hull  built  of  both  wood  and  iron,  and  is  only 
partially  armor-clad.  Eight  of  the  ships  afloat  have 
wooden  hulls,  but  are  wholly  armor-clad,  vis :  the 
Royal  Oak,  with  24  guns,  tonnage  4,056,  horse-power 
800;  Piince  Consort,  24  guns,  tonnage  4,045,  horse- 
power 1,000;  Caledonia,  24  guns,  tonnage  4,125, 
horse-power  1,000;  Ocean,  24  guna,  tonnage  4,407, 
horse-power  1,000;  Lord  Clyde,  24  guns,  tonnage 
4,067,  horse-power  1,000;  Lord  Warden,  18  guns, 
tonnage  4,080,  horse- power  1,000;  Favorite,  10  guns, 
tonnage  2,094,  horse-power  400;    Royal  Sovereign, 

5  guns,  tonnage  3,765,  horse-power  800.  Six  of  those 
afloat  have  wooden  hulls,  and  are  only  partially  armor- 
cladj  vis :  the  Royal  Alfred,  with  18  guns,  tonnage 
4tD4a,  horse- power  800;  Zealous,  20  guns,  tonnage 
3^7 15,  horse-power  800;  Repulse,  12  guna,  tonnage 
3f74l,  horse-power  800;  Pallas,  8  guns,  tonnage 
2,^72,  horse-power  600;  Research,  4  guns;  Enter- 
prle«^  4  guns.  This  formidable  fleet  of  iron-clada 
afloat  represents  in  the  a.  gregate  520  guns.  Out  of 
the  thirty-four  vessels  afloat  thirteen  are  built  on 
Mr.  Reed's  plan  and  five  on  Captain  Coles's  turret 
plan.  The  first  cost  of  some  of  the  iron  vessels 
now  complete,  including  fittings,  but  exclusive 
of  incidental  and  establishment  charges,  was 
as  follows:  Northumberland,  £459,109;  Mino- 
taur, £452,827;  Aginoourt,  £446,115;  Achilles, 
£444,590;  Warrior,  £^$56,090;  Black  Prince,  £357.- 
993;  Bellerophon,  £343,076 ;  Prince  Albert,  £201,613. 
The  cost  of  some  of  the  wooden  vessels  was  : — Lord 
Clyde,  £273,824;  Lord  Warden,  £316,837;  Royal 
Alfred,  £269,370;  Ocean,  £253,813;  Caledonia, 
£264,658 ;  Prince  Consort,  £226,995.    Of  the  ten  ships 

1  building,  reven  have  iron  hulls  and  are  only  partially 
I  armor«clad,  vii:  the  Sultan,  with  13  guns,  tonnage 
5,226,  horse-power  1,200;  the  Captain,  6  guns,  ton- 
nage 4,272,   horse-power  900  ;    the  Iron   Duke,  14 
.guns,  tonnage   3,774,  horse-power  800;    the  Auda- 
'  oious,  14  guns,  tonnage  3,774,  horse  power  800;  the 
Invincible,  14  guns,  tonnage  3,774,  horse-power  800; 
the  Vanguard,  14  guns,  tonnage  3,774,  horse-power 
I  800 ;    the   Hotspur,   2  guns  ,  tonnage  2,637,    horse- 
<  power  600.     The  (ilatton,  with  2   guns,  has   an  iron 
i  hull,  and  is  wholly  armor-clad.     The  Swift^uro  and 
the  Triumph  have  their  hulls  of  iron  sheathed  with 
I  wood.     They  are  to  carry  14  guns  each,  with  a  ton- 
nage for  each  vessel  of  3,893  ;  horse-power  800  each. 
These  ten  ships  represent  in  the  aggregate  107  guns. 
Two  are  to  be  built  on  Captain  Coles'  plan,  and  eight 
on  Mr.  Reed's  plan.     The  estimated  first  cost  of  the 
Captain  is  £335,000,  that  of  the  Audacious  £222.667, 
that  of  the  Invincible  £221,757,  and  that  of  the  Van- 
guard £249,759.     The  names  of  the  font  tLoatiA^ 
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'bnttcrioB — three  of  which  have  iron  hulli  »iid  ftr« 
whoUy  »TDJor-dBd — are  tbo  Erebu^f  with  17  guns; 
th«:  Terror,  with  Ifi  guoa;  and  the  Thurjderholt,  with 
16  guus;  the  Thundfrr^  with  14  gun^,  bnj  m  wooden 
hull,  but  ia  wholly  armur-clad.  Thu  first  coit  of 
tb«jtiu  butti^rlei  ii  thiie  itiilcd  :^Erebti«,  £82,€BV; 
Torff'f,  £80,720;  ThunderboU,  £80,230;  Thumier, 
£',i*Sf71'&,  The  aWv«  i8  shii»«  »nd  battvrtcs  rcpreicni 
in  the  aggregaiis089gnQSj,  aud  hurso- power  of  3^j2tf0. 

ri'jiK  Wilson  Grx.— A  contemporary  states 
J-  that  thi*  gun  la  on  tho  holt  pript'iplo,  and  of  the  | 
moft  siinpU**  direct  and  rapid  arrangtetnent.  It  re- 
quir<?Ei  but  two  niovemente  to  open  atid  cloio  ihe 
brci^ch  for  firing;  or,  in  other  wordf,  four  mottoni 
for  drill — oftmeljir,  openingf  loading,  olo«JDf^,  firing — 
a  biir  extractor  attncb^d  to  tho  body  of  tho  bolt  with* 
drawing  and  ejeuling  the  cartridgv-ciui^  in  the  one 
act  of  withdrawing  tho  breeoh  boU*  Thii  boU  ii 
fix<<d  in  poaition  bj  a  locking,  or  double  lagg  bandU, 
•ituated  on  its  rear  end,  and  having  a  motion  of  par- 
tial rotatian  on  entering  the  ihoo<-cap  im  the  breech 
ifl  olup«d.  It  IB  thus  self- locking  and  eeouring;  the 
double  luggs  engaging  with  ihu  nolid  aid«^»  of  the 
iihoo-cap  guetains  tho  bolte  firinljr  againjtt  the  reeulL 
The  gun  bus  neither  external  luvk,  faamraer,  nor 
other  prnjeatioQS,  but  tbe  bolt  itself  contains  a  pis- 
ton or  striker  operated  upon  by  a  iiroog  spiral  spring, 
the  spring  being  liberated  bj  tbe  trigger  depressing 
a  flat  guide  or  ntainiog  spring  placed  underneath 
tho  »ilic»e,  Tho  firing  arrangfinent  if  I'try  properly 
Bupplcmontfd  with  a  trigger  atop  of  exceedingly  sim- 
ple and  ed'eetive  eonstruution — namely ^  A  hinged  fiap 
or  ptate,  whlt?li,  turned  againsiit  the  sbank  of  the  trig- 
ger,  alih'olulely  prevents  its  movt-moni  in  any  direc- 
tion to  discharge  the  gun. 

SKA-C301XG  TuKRKT  Siiips. **  Engineering ** 
(March  12,  iHtlb^;  illujtratef  a  new  vessel  uf  Ibis  I 
olasa,  designed  by  Admiral  Paris  for  the  Fronoh  nary. 
It  is  a  ship  lu  uarry  two  hcary  guns,  but  it  has  only 
on«  tnrretn  and  is  protected  by  armor  only  6.0  in. 
thick  on  the  verticid  sides  of  ihe  ship,  K57  in.  on  tbe 
outHidc  bridge,  and  I  AH  in.  on  tti«  interior.  Tho 
vessel  is  ipecially  designed  to  carry  sails,  and  wvuld 
have  three  mast«,  by  which  tho  somewhat  scanty 
power  provided  would  bu  helped  out.  The  following 
are  Ihe  principal  diisendiuns  of  the  design  : 
Length  of  hull  at  water  line...*....*  224.68  ft* 

tiutside  width 50. S4  ft* 

Proportion  of  width  to  length 1  to  i.3 

Width  of  ship  inside 19.52  a. 

Proportion  between  interior  and  exte- 
rior width.. «••     1  to  1.7S 

Oatn^de  diameter  of  turrets •     26.24  ft. 

Calonlated  draught  of  water  fore  and 

aft * .•**    ,.....-.     16.40ft. 

Volume  of  pnrallelopipedon *.*.I67,3Ulcub.  ft. 

Surface  of  the  circumscribed  reotanglo 

at  water  line. 11,116  B(^.  ft. 

Surface  of  the  eironmsoribed  rectangle 

at  mid»hip  s eotioQ •  *  837.80  ^q.  ft. 

Di  plaaemcnt.    ... U0,2Ucub.ft. 

Weight  of  diiplftoement :^075  tons. 

Immersed  midship  aectioQ,  fit.  **,*..     7i:i.8iq.  ft. 

Area  at  water  line      * b60u  sq.  ft. 

'Of  the  volume  of  tho  hull  to  the 

paraltelopipednu.. ,. 0.&88 

Of  the  flotaiiun  surface,  to  the  eir- 

oiimforibed  rectangle 0.7H 

£  J  Of  thr  midship  section,  to  the  fiir- 
^  (      oumMcribeJ  rectangle   ....    .«.»     0.8fi7 
Height  from  tho  water  level  to  upper 

bridge. lO.lfift. 

Hoif^ht  from  main  deck  to  till  of  tttr- 

rt't  ports 2  «2  ft* 

leigbtt.f  turrets n.'45  ft. 

^'  kkuc4i  iii  plat«  of  the  afuored  looei        &*9  in* 


Height  above  water  line l.Mfi. 

Depth  below  water  line.*   *••••. 4.^fW 

Total ....•  iJWft. 

Proportion  of  armor  abort  aiHt  M»v 

the  water ,  1  to) 

Weight ^«A  I'M. 

Number  of  towers. .... ..^  ..••  I 

Height  of  armor  on  ditto* «•««•••  «•■•  f.SfL 

Thickness  of  plate »•«••  ««•»..  Mih. 

Weight  of  armor...., •«««•••#•  Tii«es« 

Total  surface  of  towers....  *•••. .....  £mim|.|L 

Weight  of  lower  belt  (;i.20  ft.  high  ttQd 

L18  in.  thiek) .....  Ii)  txsd. 

Weight  of  upper  ring  (984  in*  tlLlok),  r;tee». 

Total  weight  of  towers**..  ..•,..,..•  1S5  V»at. 

Total  weight  of  armor «•*•••*•  ITt  t 

Nominal  horse  -  po  wer. ..» •••••  4M 

Number  of  guns.. •.,,  1 

Total  weight  of  arnkor  per  gOD.  *.*«.*  AfS  I 

Svmmar$  iff  IFt^Mf, 

Armov »,.  ,,,•«  TTttem. 

Engines  ....*.•«■•*■••••»•*••»•*■«»  Dl  Ide^ 

(junfl .»••••  ••••-..  »0iffBf. 

MastSf  sails,  cte ..->•  •«•»• 10  b^w. 

Stores,  etc •,.,«.. .«*•*.,•.  40t«n» 

Water  and  tanks .«•«  •*«.••  ••••  Mleti. 

Miscellaneous ••«•* «  kum* 

Mnehinery  for  turning  turret ♦  fiteai. 

Coal  at  the  e«timated  draught  of  water,  ITS  IM. 


TUE  Monitors. — The  fblloirtng  cotamtautn 
made  by  a  correspondent,  upon  the  artittt  am* 
piled  from  *"  Engineering,^'  in  the  first  nntalwfi  (aff 
33  of  **  Van  Nostrand's  Magaxine  :** 

The  article  begins  with  a  numbere  i 
tbe  '*  advantages  of  turret  ship. ^'    H«.- 
ment  No.  t,  instead  of  having  **  noma- 
whenever  necessary^  do  have  masts.    < 
nock.'*     Her  sail -power  was  mfficifot 
fire  knots  in  a  good  breete.     There  is  no  ii»fr%»ii>  ifi 
applying  sails  to  monitors*     An  official  sail  draaflt 
for  one  of  our  large  monitors  ihnw«  a  ?  '  if 

la,(}00  sqaare  feet  of  canvas,  eufficicr j  ^^ 

vesAcl  nine  or  ten  knots  in  a  gnoiJ   br<'i  ^ 

(in  case  of  a  monitor)  of  **  having  its  j^u&a  aoai  aed 
of  its  armor  further  inboard. ^^  is  by  no  raaast  iht 
rea!ion  why  the  monitor  **  rolls  less  than  lbs  bn«il< 
sid^  !^hip.^*  The  chief  reasons  are  the  (tositina  of  thi 
mttncenttr,  ai  compared  with  the  e^ntar  of  gratilf 
of  vsssel,  and  of  the  dinplaeemeot.  Thiak  of  tiki 
ioiniense  area  of  water  line  section  of  monlUrt  r««- 
pmred  with  their  Unph  »i"  ^  #.-.  r....„  ._.  .^  |^ 
factfli  (obsorvcd)  in  relation  ;  4 

our  monitor  and  British  br<'  <  -^ir, 

tho  broadsides  roll  through  an  arc  ifir^t  ilnns  ^rc«i«f| 
henoe  from  thin  point  alone  the  depth  of  atra'ref  a 
monitor  below  water — for  eqaslttj*  of  impre|cnabiUty-* 
nctd  be  but  aiu-fh ird  thnt  nfa  broad *ide,  Pn  ttiit^  ULftsIt 
ana  monitor  of  tho  heigh  I  and  weight  ntoeas^rj  for  r* - 
spectable  stkiling-fiower  does  not  raise  theccntsrsf 
gravity  of  the  matt  suCRcientl/  to  have  a  perevptlklt 
effect  on  rol  ing. 

2d.  Kcspi'cling  "Engineering's**  estimate  of  "ftd* 
vantages  of  the  broadside  system,*'  No.  1  sfcys  **tk»y 
can  carry  masts  !'*  Pereontra,  monitors  hate  cA^t\t4^ 
and  can  carnf  them  with  safety  The  ttat«m<iiit  thai 
"a  ship  with  a  high  freeboard  w(tl  roll  tkroagh  aa 
angle  at  which  a  ship  with  a  low  f^t«bo&rd  w««14 
capiiee,  from  the  weight  of  watf^r  en  one  side  of 
deck, ^*  must  have  been  made  wr  #r  ealto* 

lation,  or  else  on  improper  id<im  prtssars 

(and  it  Is  a  heavy  one)  which  w* j.    .juoeakesl 

of  18*^  on  the  Belleropbon  would  not  prodoe^  •  W«l 
oa  a  BOO  i  tor  of  ttmilar  dtspUeea^ot  of  7'^  i 
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gmenworky  bat  faet— the  reaalt  of  eaiilj-made 
laiioa. 

xi  rMpcciwg  <<»rtificUl  Tcntilstion.'*  Tbii  is, 
«c,  the  enlj  way,  in  a  sea-gtUng  vessel,  that 
Bt  Trotilation  ean  be  had  in  had  weather,  and  in 
wrather,  ereo  with  a  low  freeboard  *<open  air 
;t3«"  at  «ea  it  possible.  Think  of  the  atmos- 
t  IB  the  eabtn  of  the  best  of  the  Englifh  ships 
ad  weather  when  thej  are  eompelled  to  serew 
rthing  up  tight!  «  Artificial  rentilation"  is 
f€  the  ehief  features  in  the  ^*  Stevens*  battery," 
b  fi  ret -class  feature  it  is,  too.  The  atmosphere 
ra  berth -deck  of  a  frigate  like  the  Roanoke  was, 
ud.  w«ather,  with  hoods  on  the  hatehes,  only 
»araUe  te  the  Black  Ilole  of  Calcutta.  Artificial 
ilAtion,  for  sea-going  purposes,  is  an  American 
■tiwD,  and  John  Ball  cannot  cough  it  down  any 
i  tbaa  be  could  a  16  in.  shot  with  100  'bs.  charge, 
■one  13,000,000  ft.  lbs.  of  «t«  niva,  which 
dAmiard  his  8  in.  solid  slab,  18  in.  backing  and 
r  akin.  What  will  he  do  against  a  20  in.,  with 
;  22,000,000  ft.  lbs.  7  High  freeboard  and  22 
un  fu  lbs.  in  shot  scateely  make  a  good  oom- 

•QB. 

.  •<  The  ship  with  a  high  freeboard  carries  its 
I  higher  out  of  water."  With  either  a  central 
I  Ufwar  (guns  in  Cj^ement),  or  a  turret,  the  guns 
,  if  aeeessary,  be  carried  equally  high.  I  hare 
a  plan  of  turret  which  carries  its  gun  10  ft.  from 
rater,  and  that,  too,  withoutaddiogmuch  weight, 
celebrated  Bellerophon  only  oarrie*  her  gun  O^ft. 
h.  **  Engineering"  further  says :  **  Yet  consider 
,  moment  what  a  ship  Ericsson  designed  to  build 
e  Dictator^to  carry  two  guns  in  a  single  24  ft. 
It,  V  ft.  high  and  16  in.  thick  *  *  *  has  a 
age  of  3,000  and  a  displacement  of  6,000  tons 
*  the  boilers  hare  far  more  grate  area  and 
lag  surface  thaii  any  ressel  in  the  English  navy." 
,  the  Dictators  displacement  is  inside  of  4,600. 
Mistake  of  600  tons  is  more  than  enough  to  make 
;Drret  ^{  ft.  thick,  and  allow  for  two  2U-inoh  guns 
Ic  of  it.  As  her  side  armor  is  10^  in.  iron,  40  to 
in.  oak,  besides  inner  skin,  what  broadside 
»l  of  double  her  displacements  yet  built  could 
»her  ? 

LTBB  Tans   and  Carts  for  India. — The 
learcity  of  good  drinking  water  is  well  known  to 
ne  of  the  most  serious  hardships  of  our  army  in 
a.     It  is  notorions  to  every  one  of  Indian  expe- 
:e  that  the  soldiers  are  occasionally  dependent  on 
4lca  literally  poisonous  and  unfit  for  use,  and  the 
aleoce  of  cholera  and  other  diseases  has  been 
a«tly  proved  to  have  been  attributable  to   this  ; 
e.     Tne  authorities  are  now  examining  an  im-  ; 
»at  iavention,  manufactured  by  Messrs.  E.  U.  ■ 
Icj  A  Co.,  the  large  wheelwrights  of  Newington  ! 
«way,  designed  with   great  skill  to  meet  this  \ 
t  want,  and  which  seems  admirably  adapted  to  j 
wrpoee.     It  consists  of  a  bullock  van  or  cart  on 
igs,  containing  a  galvanised  iron  cistern,  capa- 
i  holding  al»ont  260  giilloos  of  water.     The  van 
rmoanted  by  a  portable  pump,  by  means  of  which 
cistern   may  be  filled  from  a  pond,  stream,  or 
r  source  of  supply.     As  the   water  when   first 
ped  in  may  be  very  impure,  the  sediment  is  made 
simple  arrangement  to  fall  into  a  separate  well  | 
ap  at  the  bottom  of  the  van,  whence  it  is  drawn  j 
y  a  coek.     The  water  thus  partially  purified, , 
passes  by  a  pipe  into  a  second  well,  where  it 
I  aaderneath  two  large  filters,  through  which  it 
roed  to  percolate  upwards.     The  value  of  this 
tm  of  filtration  by  ascension  is  obvious,  as  the 
ler  impurities  do  not  rise  in  the  water,  and  con- 
BBtly  are  drawn  off  by  a  cock  without  approach - 
be  filters  at  all.     Should  the  water  be  very  im- 
,  U  can,  by  an  ingeniens contrivance,  be  made  to 
Irsi  through  one  filter,  and  then  the  other,  and  j 


thus  be  doubly  purified.  After  passing  throngh  the 
filters,  the  purified  water  flows  into  reservoirs, 
whence  it  can  be  drawn  off  into  drinkik.g  oans  from  a 
row  of  brass  taps  at  the  back  of  the  van.  As  fast  as 
the  water  is  pumped  in  at  one  end  of  the  van,  it  is 
thus  drawn  off  pure  and  filtered  at  the  other.  The 
cistern  is  thoroughly  protected  by  an  outer  easing 
from  the  rays  of  the  sun  and  kept  cool. 

These  vans  will  be  useful  in  our  own  camps,  but 
will  be  a  great  boon  to  the  army  in  some  parts  of  In- 
dia. We  understand  the  patentees  have  received 
considerable  orders  from  various  foreign  governments. 
While  the  House  of  Commons  spends  millions  on 
gnns  and  fortifications,  it  will  assuredly  not  begrudge 
the  few  thousands  that  will  sufllce  for  supplying 
every  regiment  in  India  with  what  will  be  invalua- 
ble for  the  health  and  lives  of  onr  countrymen. — 
Army  and  Navy  OazttU* 

EFFECT  OF  THB  GhASSBPOT  BuLLBT — ^ErBMTB- 
0V8  Kr PORTS. —Dr.  Gason,  of  Rome,  reports  as- 
follows  regarding  the  effect  of  different  bullets  at  the- 
engagement  at  Montana,  in  November,  i867:  The 
lightness  of  the  Chassepot  firelock  and  its  loading  at 
the  breech  caused  a  far  greater  proportion  of  wounds 
in  the  upper  part  of  the  body  than  was  th»  ease  in 
those  wunnded  by  balls  from  the  musile- leaders.— 
The  entrance  made  by  the  Chassepot  ball  was  very 
small ;  the  exit  not  much  larger.  There  was  much 
less  effusion  of  blood  beneath  the  skin  than  ia  wounds 
by  the  round  ball  or  Miniu.  The  long  bones  were 
more  frequently  split.  The  immediate  effects  of  the 
Chassepot  were  more  fatal ;  but  the  alterior  effects 
less  severe  and  fatal  in  wounds  prodaeed  by  the 
Chassepot  than  in  those  of  the  ronnd  ball  or  Minie. 
The  external  hemorrhage  was  greater  in  wounds  pro- 
duced by  the  Chavsopot  ball  than  by  any  other  form 
of  prjectile;  and  in  tho^  places  where  the  Italians 
foil  when  struck  by  it,  there  were  large  pools  of  blood. 
Among  the  cases  brought  into  the  hospitals  in  Rome, 
there  was  not  one  where  the  wound  produced  by  the 
Chassepot  bullet  bore  any  proportion  to  that  men- 
tioned in  the  report  from  the  camp  at  Lyons — that 
<<the  exit  was  as  large  as  a  person's  two  fists."  It 
would  appear  from  the  reports  from  the  camp  at 
Lyons,  that  in  most  instances  the  bodies  of  dead  ani- 
mals were  used  for  the  experiments. — Th§  Lancet* 

THE  French  Navt. — The  French  fleet  was 
composed  on  the  31st  December,  1898,  of  430  ves- 
sels, of  which  331  were  steamers  with  a  total  of  76,- 
166  horse  power.  There  are,  besides,  in  course  of' 
completion  afloat,  7  others  of  3,710  horse  power,  and. 
on  the  stocks  31  more  of  12,406  horse  power,  and  one 
sailing  transport.  This  total  is  divided  into  two  dis- 
tinct portions,  the  first  including  the  vessels  which 
form  part  of  the  new  fleet,  to  be  constituted  in  ac- 
cordance with  the  programme  in  course  of  execution 
since  1857;  and  the  second,  composed  of  the  remains, 
of  the  old  navy,  considered  nnfit  to  take  place  in  the 
now,  either  directly  or  after  transformation.  The 
new  naval  force,  the  only  one  that  constitutes  the 
real  maritime  strength  of  the  empire,  connts  as  com- 
pleted 314  steamers  and  10  sailing  vessels.  A  table 
shows :  (I)  iron-clads  to  the  number  of  60  of  vaiions 
classes;  (2)  the  onarroored  fighting  ships,  96  screw 
steamers;  (A)  91  small  steamers,  despatch  boats, 
tenders,  Ac. ;  (4)  transports,  96  of  various  sites ;  and 
finally,  the  two  training  schools,  one  for  gunners  and 
the  other  for  naval  pupils.  Of  the  old  fleet  there  still 
remain  17  steamers  and  29  sailing  ships. 

ARMOR  Plates,  made  by  coiling  bars  of  iron  as. 
for  Armstrong  gun  tubes,  welding  the  coil  by 
upsetting,  cntting  the  coil  in  two,  and  flattening  out 
the  halves  into  plates,  has  proved  a  great  failure,  as. 
the  experts  prophesied.  Tne  welds  were  found  very 
defective. 
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ri  HE  New  Cualukbs  Target.^THc  rcoeot 
1  deiitb  of  Mr.  Jiinies  Cbalincn  lent  »  iue1aiiGbi>ly 
iotorcBt  to  Ibe  experinjcDtt  wbiob  were  lately  car- 
ried out  »t  &boeburjnefl«,  witb  the  tn»t  target 
l^figDed  by  tblit  pcDtlemmi.  Altbough  cotuidernble 
bopifi  w«re  cnttrt&tnod  of  the  now  tar^t'l«  tboj  w«fo 
l»6t  roiiUtfid  on  ibo  preient  ocemfoo.  tb«  target  htLw- 
inf  been  pierced  id  erery  direottrm  vritb  tb«  projce- 
til«»  wbloh  wern  directed  sj^iiitiffi  it.  Our  r«aiierA 
are  to  well  ftooaaint«d  with  tbo  details  of  tb«  Cb«l- 
merB  target,  tliat  it  ii  unD«o«Miiry  h«rc  to  repeat 
tbcm.  It  will  be  sufficieot  to  »i»te  tb«t  tb«  target 
lately  «zpertmented  on  wm  15  ft.  long,  by  it  ft*  btgfa, 
tb«  fnce  being  composed  of  two  4tk%n*  armour  plat«« 
of  the  lame  length  an  the  target,  and  4  ft.  6  in. 
deep.  Tbo  tarn^et  was  2  ft.  Uj  in.  thick,  inclndtng 
the  anj^le  iron  ribs  at  tbe  buck.  Mr.  Cbfitinori  hnd 
introduced  eight  m^i^dificationA  of  tacking,  so  tbat 
tbe  litrget  waa  diri«iblo  into  &«  many  different  parti, 
each  reprjcFti tiling  a  modification  of  tbe  general  prin- 
ciple. A  "^Wartior^'  target  bad  been  made,  and 
wa«  placed  beside  it  for  enabling  compnratire  ro- 
■ulte  to  be  aiccrtained.  Tbe  firing  was  from  a  9* 
inch  inuizlc-loading  rifled  gun,  with  250  lb.  projec* 
tiles  iind  iA  lb.  powder  charges,  the  range  being  20U 
yarda.  A*  ibe  trial,  unfortunately,  prored  only  the 
failure  of  tbe  Cbalmeri  target,  it  is  unneeeaaary  to 
ftillow  closely  tbe  detaila  of  tiring.  Eight  rounds  in 
all  were  Bred,  fivo  witb  solid  shot  and  three  with 
lire  shell.  Kounda  1,  4,  and  b  witb  solid  ahot  were 
directed  againat  tbe  **  Warrior'^  target,  through 
srhi^h  ibey  failed  to  pass.  Hound  1  knuckc^d  apiece 
out  of  the  edge  of  the  target,  and  roanda  4  and  5 
penetrated  the  target,  but  remained  in  it.  Rounds 
'J.  ivtul  A  witb  aolid  shot  were  bred  at  tbe  Cbalmera 
target,  through  which  tbey  passed  clean  out  to  ibe 
rear.  The  first  live  shell  struck  the  •*  Warrior*^ 
larget,  making   a  bole  2*23  inches  deep,  whilst  the 

•  second  and  third  sbelli  pataed  ihroitgh  the  Chalmers 
target,  aud  burst  in  the  rear.  It  was  thua  made 
apparent  that  tbe  face  plate  of  the  latter  target  waa 
much  too  weak  for  the  work  it  was  designed  to  do, 

:and  that  in  effect  .Mr.  Chalmers  had  pushed  bis  prin- 
ciple of  elasticity  too  far.  There  is  no  question  of 
itheaoundDessof  tbe  principlr*,  but  the  oxtremvHght- 
4iesa  of  tbe  outer  plate  neutralised  any  effect  obtain^ 
.able  from  tbe  backing.  It  is  to  be  regretted  that 
aueb  a  mistake  in  the  designs  of  this  target  should 
iiare  been  uia<ie,  and  still  more  thnt  the  invcnior  it 
ftobhere  to  profit  by  it,  and  to  bung  the  l&borof  yeara 
vtii  a  Euoeessful  issue. — Mtchaiuct   Masaziw. 

TUB  Herccles  at  Sea, — SAtbfactory  reports 
have  been  recetrod  bf  tbe  performances  of  tbe 
iron-clad  Hercules  on  her  voyage  to  Lisbon,  AUUoogh 
^dragging  her  large  fcrew  propeller,  sbe«overal  tin^tif 
exceeded  a  speed  of  ten  knots  under  oasraaB,  and 
performed  the  operation  of  **siaying"  with  great 
■ease.  Tbe  whole  consnmption  of  coal  upon  the  roy- 
age  WAS  less  than  fifty  tons,  or  one-twelfth  of  the 
qtiantity  on  board.  She  is  aUo  a  rary  steady  ship, 
rolling  and  pitching  exceedingly  little,  not  only  un- 
der iv  prasi  of  canvass,  but  with  a  beam-sea  running 
and  Uttk*  wind.  The  huge  guns  (each  weighing  IB 
tons)  were  worked  and  fuught  orery  day  witb  perfect 
luccess. 

If*KnusH  Oak— The  Woodbn  Walls  of  Enq- 
J  LAND. — The  timber-built  unarmud  screw  frigate 
Sutiejt  is  now  having  her  machinery  taken  out  at 
I'ortinonth,  preparatory  to  being  broken  up.  It  was 
r>^  Her,  18^0,   that  tbo  Sutlcj  made  her  first 

r\  lis  a   new  ship  over  the  measured   miha, 

^  .in.  -H  n  mean  rate  of  13.07*5  knots.    She 

V  -red    one   of    the   handsomest   and 

•  ^  'kt.  She  i«  DOW  ft  striking  illustra- 
tiou  ui  the  AUon  life  and  costlinosi  of  ft  wotideo* built 
thjp  of  war. 


A  New  Needle  Gux,~Tbe  Berlin  « 
ent  of  The   Londun    «»  Daily    St  - 
Jan.  9:     About  a  week  agn  ih*  '*  Voeai 

astonished  its  readers  with  a   paragra[  t  arii":!^ 
the  invention  of  a  new  rifie,  culled  the    S^fi 

I  gewebr,  or  ignition  water  gua.      A  itL  .uttL  tl| 

j  ricnee  of  the  last  few  years  b*«   ^ 
•orta  of  wondert  in  the  wrmy  of  hr.  . 
water  seemed  an  enigma  whieh  enui.t  ^ijAj  1 

'  by  the  man  who  knt«w«  how  to  ael  tbe  ThfttM 
Tbe  passage  was  copied    In   other  t>iLt>*fi. 
probably  excite  no  little  intereat  i 
world,  until  the  prosaic  esplatiaii  ^ti 

cleared  op  tbe  ditCeuUy.  The  rent  n 
rention  in  qufition  is  a  **  Ziindn3e»rrgvvebt/* 
Ignition  knife  gun.  ll  appear«i  Ih*;  ti>t  vht:-*. 
made  of  some  peculiar  kind  of  pajLi^r.  :. 

I  plodea  when  ent  by  a  knife.     This  nn 

Seroua,  but  I  mnst  ftfsume  tfaat  a   knu*  f>ix,* 
etails  would  shuw  thnt   the  ignilifxt  vw  not  ti  i 
as  it  aefms.     Lieut.  Col.  Cuuni  Lehud/r{'.  «.t.«  <#f  j 
King's  Adjutants,  baa  tried  tb«  new  rtfl*  al  tw| 
aenhaidfl    range,    near    Berlin,    in    e^m\mitf  ti  I 
inventor,  Herr  Meyhufer.  a  Pruseiao  country | 
man,  and  the  results  were  very  sftU«fM€#r|« 
Meyhofer  succeeded,  in  two  eapwrimenU,  la  I 
the  target  lA  times  in  3A  iec<ii>df.     Another  t 
ful  inTenti  n    is  reported   fn>ui    St.  i'vl^nUrf. 
Russian    officer  has  constructed   ^ 
fire  2U0  sbotn  in  a  niinule.     It   i 
handle,  and  Ytiy  effcctivo  up  to  I . 

A  New  GuNPOwimit. — A  new  comp 
gunpowder  is  being   iri    ^  ' 

and  nafy.     The  inventor,  n 
stiluted  for  ftilphiir  tbe  pic>  i> 
potaasa.     The  piorie  acid  i«  a  new  ««^At|ioaBd,d 
from  the  mixture  of  phenic  and    nitric  isT 
picrio  acid  explodes  by  the  heal,  aad   th«r 
nitrogen,  earbunio  aeid>  bydrogenj  water,  eatWil 
carbonate  of  potas»». 

(CuH.  K(A,0t),U,=;iA?i-f-5C0,-^UtH-aH 

KOCO,) 

Tbe  smoke  produced  is  trifling,  and  the  i 

f  sulphur  makes  it  injurious  neilhsr  to  the  aefi  t 

I  the  weapons.     Besides  that,  when  il>-  n.  n^ri 


I  only  from  picrate  and  nitrata  of  ]■ 
bon,  a  very  violent  piwder  la  obi,. 

I  cellent  fur  blasting.     It  baa  nearly  thr  l■t{^^a 
as  the  nitroglycerine,  and  aeema  to  bm  lata  < 
oua.     The  absence  of  amoko  wlU  W  a 
pruvement  for  tunnelling.     Xl  U  probahte  lk«l»« 
regularly    manufactured,    this   new    (^iwderetUl 
obtained  at  the  same  price  as  the  ordinary  f  n 


^iovBL  Gux  Carriage. — A  gun  cmrmfi  I 
I    slide  of  a  novel  and  rery  ingenivrys  ecmatnsciyft 
by    Messrs.    Vavasseur,    of    th*     f^Man    0«^iaa*iS 

Works,  for  a    7-in«b  steel    '     ifledftto,  »ss 

tested    recently    at    Vurtoi,  th«    l^lfM* 

I  Ruccesf.     The    compre^jpor,     ^  iJje    :i  i:   '= 

portant  feature,  coti^i«ts  uf  a  cune  and 

I  under  a  brakestrap,  this  friction  g»ar  '<■ 

j  to  the  head  of  a  long  screw-  '     " 
under  the    earringe,  raovin<^  i      ^ 

round.     The   great  value  u(  r.   i.  i   > 

eomprosBor  la  always  ready  t«  6«  avted  up-r  -  •  ^' 
recoil,  ;;nd  is  autoiDatically  put  into  gear  tb«  ~  - 
the  gnu  carriage  begins  to  more. 

DEPTFQRD     D0CEYARt>,     wlUiU     Will    V« 
this  year,  is  one  of   tbe  most  anct^ 
in    the    kingd<  m— an   old  muoa«t«ry. 
1513,  still  stands  in  the  yar  r 
house.     It  was  at  DeptfuM  ' 
llreat  learned  the  art  of  nhi 
strength  in  tbe  yard  is  under  ^au  Uanda.     Xlift  t*^* 
lar  working  strength  ia  841. 
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Hbavt  Guxs. — The  Ordnance  Com- 
bare  diMorered  that  the  armj  Rodman 
I  eotta  $6,500  each,  for  49,000  lb.  weight, 
sans  of  the  same  caliber  weighed  42,000 
ifferenee  in  weight,  at  13  cents  per  pound, 
,  which  the  navy  paid  more  for  their  guns 
aid  bj  the  armj.  The  navj  contract  with 
tt  Foundry  provided  for  the  delivery  of  all 
9  seaboard  at  the  expense  of  the  maker, 
remment  paid  for  all  this  transportation. 
(pring  of  18<U,  all  1 5- inch  guns  procured 
g  were  taken  without  any  powder  proof, 
io  an  order  from  the  Chief  ef  Ordnance. 

gnns  procured  since  that  time  have  been 
I  fortifications  on  expensive  iron  carriages, 
•ing  fired  at  all;  and  lately  an  order  was 
n  the  Ordnance  Department  to  subject 
proof  of  charges  of  luO  lb.  of  powder,  at 

the  Government. —  Wa$hington  telegram 
Iphia  Inquirer* 

CE  Affairs  atWoolwich  Arsenal. — 

l^ement?  are  being  made  for  the  conslruo- 
n  gun  carriages  for  the  navy  at  the  Chat- 
rard,  though  recently  certain  buildings  in 
Ciirriage  Department,  Royal  Arsenal,  had 
;d  and  fitted  up  with  plant  and  machinery 
I  the  works  at  a  great  cost.  The  removal 
al  carriages  to  Chatham  will  lend  to  part 
risge  Department  being  closod.  In  the 
n  Factory  Department,  tho  Arraslrung 
t  been  »hut  up  fur  a  considerable  time  with 
tnsive  machinery,  in  consequence  of  a  l»rge 
f  given  for  the  conversion  of  guns  from  the 
e  into  rifled  guns  upon  tho  Palliser  prinoi- 
tffected  at  the  KIswick  Factory,  instead  of 
;mmeot  establishment  at  Woolwich. — Afs- 
agazin4, 

r's  Projectiles  — In  a  recent  report 
Ordnance  Select  Committee  are  the  follow- 
of  the  penetrative  power  of  shot  and  shell, 
heavy  rifled  guns  at  a  range  of  70  yards, 
shell  weighing  398  lb.,  fired  from  a  10-in. 
der  of  18  tons,  with  a  charge  of  54  lb.  of 
netrated  through  23  ft.  of  earthen  para- 
tassing  out  in  an  upward  direction  con- 
aight  for  300  yards  beyond.  A  0-in.  Pal- 
weighing  248  lb.,  fired  from  a  9-in.  12  ton 
ding  gun  with  a  37  lb.  charge,  nearly 
lagb  23  ft.  of  earthwork,  the  point  of  the 
ig  through  the  further  side  of  the  parapet. 

Cakxon  for  Prussia. — A  large  order 
)  9  inch  cannon  which  performed  such  ex- 
r  feats  at  Tegel  has  been  given  Mr.  Krupp 
ssian  Governmeni.  The  bill  is  expected  to 
4,000,000  thalers,  each  barrel  costing 
about  30,000  thalers.  The  samo  gun  has 
dopted  by  the  Belgian  Uoveriiment,  to  be 
he  walls  of  Antwerp.  According  to  otR- 
genec  received  here,  experiments  made 
-inch  cannon  in  Bflgium  rosultfd  in  tho 
n  target  boing  totally  d«8troyed  after  eight 
9    Warrior    target    having    endured    but 


NEW  BOOKS. 


X  Iron'-Clad. — The  largest  iron-clad 
Austrian  navy — the  largest  ship  probably 
led  in  the  Adriatic — has  just  been  launched 
She  is  called  the  Lissa.  The  ship  is 
ely  of  Austrian  materials,  and  every  de- 
aachinery  and  armament  will  be  Austrian. 
I  is  272  ft.;  breadth,  45  feet;  displace- 
D  tons.  Here  engines  are  of  l,000-hor8o 
her  armamaot  wUl  be  twelve  300-pound«r 


A  Rudimentary  Treatise  on  the  Manufac- 
ture OP  Bricks  and  Tiles;  containino  ax 
Outline  op  the  Principles  op  Bbickmakino.  By 
Edward  Dobson,  A.  I.  C.  £..  M.  I.  B.  A.  Revised 
and  corrected  by  Charles  Tomlinson,  F.  R.  S. 
Fourth  edition.  With  additions  by  Robert  Mal- 
let, A.  M.,  F.  R.  S.,  M.  I.  C.  E.,  Ac.  With  illns- 
trations.  London :  Virtue  A  Co.  New  York :  Virtue 
A  Yorston.     1868. 

The  name  of  the  author  of  this  treatise  it  a  suffi- 
cient guarantee  that  the  contents  will  answer  the 
expectations  of  the  reader.     If  the  <<  claims  of  long 
descent "  are  supposed  to  be  of  any  importance  to  a 
building  material,  then  brioki  certainly   take  the 
foremost  rank,  and  in  all  probability  their  future 
career  will  be  as  endurable  as  their  past.     It  is  true 
that  the  employment  of  stone,  where  works  of  great 
magnitude  are  concerned,  becomes  almost  impera- 
tive, both  for  constructive  reasons,  as  well  as  for  the 
sake  of  eithetical   effect;  but  it  will  never  super- 
sede the  more  ancient  material  in  structures  of  a 
smaller  and  loss  pretentious  character.     That  there 
j  is  an  enormous  amount  of   bad  brickwork   hourly 
I  erected  in  London  and   elsewhere,  no  one  who  it 
acquainted  with  the  manner  in  which  houses  are  run 
I  "P  ^7  specula  ing  builders  will  for  a  moment  deny. 
'  At  tho  same  time,  there  are  not  wanting  numerous 
I  examples  of  the  same  description  of  work  which  have 
I  withstood  for  centuries  the  attacks  of  the  weather 
;  and  tho  influence  of  time,  and  remain  to  the  present 
I  day  indisputable  witnesses  to  the  solidity  and  dura- 
'  bility  that  is,  or  rather  was,  possible  to  obtain  by 
that  method  of  construction.     But  in  those  earlier 
times  bricks  were   bricks  and  mortar  was  mortar. 
Mud  and  slime  were  unknown  quantities. 

As   might  be  reasonably  anticipated,  it  was  not 
long  after  the  introduction  of  machinery  before  its 
potent  aid  was  called  in  to  assist  in  the  manufacture 
of  bricks,  and  so  far  as  their  crushing  strength  is 
concerned,  it  appears  that  the  machine-made  brick 
will  stand  about  one  and  a  half  times  the  weight 
'  that  will  crush  the  best  hand-made  specimens.     In 
the  manufncture  of  bricks,  as  well  as  in  all  artificial 
preparations,  the  success  of  the  operation  and  the 
Talue  of  the  product  are  chiefiy  dependent  upon  the 
selection  of  the  material;  consequently  the  selection 
and  the  preparation  of  the  clay  of  which  the  bricks 
arc  composed  demands  not  merely  care  and  atten- 
tion, but  also  experience  on  the  part  of  the  mann- 
facturor.     Next  to  this,  the  management  of  the  kiln 
is  an  important  detail  in  the  process.     From  chap- 
ter I,  which  treats  of  the  manufacture  of  bricks  and 
,  tiles  in  Holland,  and  which  is  contributed  by  Hyde 
I  Clark,  C.  E.,  it  seems  upwards  of  a  million  bricks 
:  are  sometimes  burnt  in  a  Dutch  kiln.     The  Dutch 
,  have  long  been  famous  for  their  clinkers  and  other 
bricks  of  a  hard  description.     Notwithstanding  that 
.  the  principle  of  brickmaking  is  everywhere  identical, 
I  a  great  diversity  exists  in  the  various  lesser  opera- 
tiiins  connected  with  their  production.     The  nature 
i  and  extent  of  these  vary  with  the  district  and  local- 
ity where  the  manufacture  is  carried  on,  and  the 
several  methods  practiced  in  tho  vicinity  of  the  ma- 
tropolis,    in    Nottingham,    Staffordshire    and    other 
provinces,  arc  fully  described  and  investigated. 

In  addition  to  the  regular  established  manufacture 
of  these  materials  of  construction  at  well  known 
places,  they  are  frequently  made  in  large  numbers 
in  what  might  be  termed  an  impromptu  manner. 
Wherever  any  great  excavation  takes  place,  such  as 
that  for  a  large  tunnel  or  dock,  which  requires  to  be 
'Mined,"  the  bricks  for  <*  lining"  it  are  generally 
made  upon  the  s{>ot,  provided  that  the  earth  be  in 
any  way  suitable  for  the  purpose.  All  that  is  wanted 
in  a  brick  intended  for  tunnels,  docks  and  other  en- 
gineering works  is,  that  it  should  be  hard  and  sonadf 
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■hould  ring  well  wheti  itrnck,  iind  not  be  too  absorb-    including   th«   eelol»r»teff 
cut.     Irrcgiiluritj  in  shnpo  niid  want  '>f  uniformity  '  dttt&ils  of  the  var'ioua  tU* 


-:rv,|^««^ 


iu  color,  however  dctrimc^ntal  to  house  brirk^T  »''•'  "^f 

little  or  n.i  eoTi»equonc«  where  «trerjgth  and  utability 

ore  thfl  only  feivturea  fought  ft»r  in  the  building  tbejr 

e«>rtipr>»i,     Chftptcr  IX  u  deiotcd   to  a  de9crt{)tioo 

of  lh«   diifcireDi  machinef  invented  f^ir  faeilitalirtf; 

brif^km&kiQg;,  and  is  well  deaerving  ihta  perusal  of 

all  intereffted  in  the  subject.     The  illuslri*tior»a  arc  !  de«ire  to  become  aequain! 

etfpeciitly  wall  executed^  and  aru  dittributed  with  no    of   science .      Wc    maj    c 

flparing  hand.     In  the  appendix  at  the  clofo  of  this    upon  having  prodnccd  a  \ — 

valuable  little  volume  there  i»  a  ffhort  chapter  npon  '  in  appeamiivc  both  ejnternally  an«i 
the  science  of  brickmakrnf,  in  whkh  thu  cbetuioal  i  admirably  adapted  fur  fuinilicig  tl. 
tiatare   of   the  operatiooP;    the   cnnipo^ttion   of   the    the  author  tncntiona  in  hi*  prefaee  wa?  tiiA\  «| 


Newtonian,  Gregoriaoi 

are  illQPtrated  by  eiiita>> 

Qf»on   the   application   r»i 

brings    to    a    clo*e    thi»   v^.  . 

repertoire  rtf  hook9  ei«lculat<H|  to  difiut*  lalM 

and    tnatructioo    amonp^   uiir    arTfi^nrt«v    m«4  ( 


▼ariouu  clay*  employed,  and  the  effect  of  the  eom 
hination  of  thi«  teveral  ingfedicnU,  arc  examined 
into.  The  pobn«herS:r  in  the  produetion  of  the  fourth 
edition  of  thi«  well  known  treatise,  have  fully  9na~ 
taine^l  in  every  pnint  the  acknowledged  reputation 
of  their  firm,  and  aLio  the  value  of  the  **  Kudimeot- 
ary  Serie*.'* — Th€  JETngt  iM<r. 


ATrkatisb  ox  Optics,  oe  Lmtrr  anv*  Sianr, 
TkEOUKTICALLV    AKD     PrACTICALLV     TliEATKU, 
WITH  TIIK  APPt.lCATlOM  TO  riNE  ART  A^lJ  I?rnu8TRlAL 

pURHttiTs.     By  K.  NuoBST,  C.  E.,  Ex-priocipal  of 

Commercial^  Nautical  and  Engineering;  College^  New  |  of  facta  in  conncetioti  wiih  ih 
York.     London;  Virtue  k  Co.     New  York  :  Virtue  Jt  i  Inventor  of  the  ateam-trngiuv.    i 
Yortton-  the  ouatom  to  aupply  every  hiaiut  aa^  i 

Tbia  Troftli««  on  Opti«fl,  by  Mr.  Nugent,  it  jnat  <  aurmiae  or  other,  and*  aa  eaeb  writ*r  ex 


had  in  view. — The  A'agincer, 

SCIENTIFIC  Stcoub;  or,  PiiACTirAL,  or^ 
TRAIT  WITH  CmimmuicaLi   l'vni«rr«     Fl 

riVIIIJrTWQ  POPLLAR  LRCTtKSf     E^     ' 

C.  E.,  LL.D.     Poat  8vo.     B.  4  F.  S 

The  first  of  theae  lecture*  it  <:  r  - ' 
qnitof  Woreeiter;  tbefecoodi> 
We  have  here  an  tpitoaia  <»f  >1 
moir  of  the  Marquis  of  Wor<^e»U»,  Uti^gp^f  i 
for  the  fir-it  time,  in  a  popular  form, 
hitherto  been  accoiupli!»hed;  ihi  tttfall 

,n4 


ingenuity  aa  beat  he  eonUU  it  b,  --  ''tufikj 

cult  to  aacortain  where  the  triii  rdi 

he  wrote  hia  *' Century  "  while  '  ha  Ti 

others  supposed  be  wrote  it  in   1  laiic^  ;  l^i.  IH 
ahows  that  be  wrote  it  after  hit  release  frota  i»|)ri«»* 
ment. 

Mr,    Dircks  seems  to  be   qtiite   at   hr»aie  nm  Ai 
Chltnema  of  Science.     He  refers  to  va^rioat 


one  of  thoae  booka  ealoulated  to  demonatrate  that 
the  principles  of  this  science,  and,  in  fact,  of  any 
other*  may  be  taugbt  in  a  manner  tliat  can  be 
readily  camprebonded*  both  by  persona  of  limited 
iufi}rinatJon  and  of  limited  abilitiea.  It  uiu»t  not  be 
gathered  from  our  aiutements  that  we  recommend, 
or  at  ail  indorse,  an  unatudious  or  dilettante  atyle  of 

poraaing  a   treatiao  on   a  acientifto   topic,     ♦     •     •  _    . 

Starting  with   the  definition  of   light.,   Mr.  Nugent  '  aatrolngy,  alchemy,  and  uiatbiTinatieal  ae4 

briefly  refers  to  the  variona   theories — ancient  and    ieal   chimeras,    not  omitting    his  uwn    **  fi 

inodtru — entertained  upru  that  queation,  and  it  will    Mobile;  ori    History  uf   the   Search  for  Hair 

bf  sitQieient  to  remark  that  the  wave  or  nndulntory    " 

theory  h  now  tho  usually  received  ono  among  scien- 

tifio  uioti.     It  ia  true  that  the  emiaaive  theory  still 

haa    its   advoeatea,  but   it    no  longer  meota  with  the 

universal  acceptance  it  once  did.     The  three  chap- 

tera  i.o mediately  following  the  firat  aro  devoted  to  an 

elucidation  of  dioptric*,  or  that  branch  of  the  actonce 


Power'* — a  work  likely  to  be  highly  naeful  la 
Qie^banica  at  their  Atudiep,  and  to  ut^Jer  i«i 
have  neglected   them.     Mr/  Dif  ■■  i<n 

^'Astrology  is  merely  a  philoi<<  i  4 

eal,^  wholly  viaionary,  a  mere  f 
potinded  of  ioeongriioo*^  naixtttn 
human  events,  of  mythology  w 


iaf 


relating   to   the  refraction  of  light.      By   the  aid   of  i  facta  with  pure  fiction ;^^   and  that.  «iLi.l«»  Ih^.j-^ 
several  exeollont  dingrama  the  aubject  ta  fully  and     to   the  remoteat   antiquity*  U  makMt  da  f^r^imttm  H 


lucidly  explained,  including  the  formation  of  images 
hy  prisma  and  leuaea.  The  one  principal  law  of  cat- 
optrics, or  that  branch  embraoiug  the  reflection  of 
light,  ta  that  the  angle  of  inoideDoe  ia  equal   to  the  I  an  aif^ntahing  number  of  manu 


angle  of  reflt^otion;  and  when  this  is  understood,  all 
the  queationa  relating  Ut  tho  reflection  of  mirrors 
will  ho  easily  comprehended. 

After  pernaing  th«  chapter  on  caustic  eorrei, 
whi«h  *ro  practically  and  familiarly  explained,  we 
ftro  introduced  to  physical  optics^  including  the  com- 
|H)aittonnf  light*  This  ia  one  of  the  moat  interesting 
portions  of  the  volume*  and  tho  various  opinions  put 
forward*  and  the  experiments  bearing  upou  the 
sevenfold  or  threefold  composition  »jf  light,  candidly 
and  fairly  invaitigated.  Moat  of  our  readers  are 
familiar  with  the  solar  spectrum,  which,  according 
to  Kewton,  constated  of  acvon,  and  to  Sir  Davi-l 
firewater,  of  only  three  primary  colori,  red,  yellow 
and  blue.  The  tatter  pniloiopber  accounts  for  the 
mtalnke  into  which  h«  coniidera  hia  scientific  prede- 
eetsof  to  have  fallen,  by  attributing  it  in  aomo  imper- 
fw'Ctiou  in  the  toaaner  of  conducting  his  experiments 


inapiration*     Treating  on  alchemy ,  the  aalhaf  strtji 

that^**  Alchemical  writings  are  very  nitmamM;  A« 

may  be  e-timated   at  from  3»000  t^'  4,nftft  mtnYf,  tad 

-  la- 


hv  r< i^'ardcd  aa  conaisting  of  the  three  colors 
till  I  V.  A  U-»vrifjtioB  of  the  eye,  together  with  the 
L-vv*  vi  visiiHi,  aud  eotor-blindneaa,  absorb  chapter 
'^  M.  Under  the  head  of  ** Optical  Instruments" 
ik.L    eipUtoed    Buai    of    those    pleasing   delaiiuss, 


ting  waa  thifc  deloaion  thdt  Lnrl 

noxa,  Leibnits,  and  many  euiiuui..  ...    .  .^   . 

in  finding  the  philosopher"!  atone,  th*  g«oi  of  lit 
Hermetic  philosophy.     N«j(t  folfr^w  the  j'-^iir^ir'^* 
circle,  duplication  of  the  rube,  t  r 
and  perpetnum  mobile*  tllujirar 
engraved  diagrams*  to  accomp*;. , ..  . 
Among    the  aqnarers  preference   ha^  >  t0 

Mr.  James  8mith,  of  Liverpool 
declared  that  all  that  cou! 
*^the  area  of  the  apace  i: 
thirty -eight  millions  of  I*  .^^  . 
termincd  within  snch  a  degree 
probable  error  shall  not  exfe^ d 
or  grain  of  aan  1,  aa  ot 
These    lecttiret,    tr- 

character,  arc  replete  

be   read   by   the   studious  wiiho 


■:!J 


Be   this  aa  it  may^^   the  eomposition  of  white  light    beoeflt^  as  their  author  brings  t 


It- 

lb* 

.9 

-k. 

Ung 

ihei^ 

i'  '  ' 

r  ina> 

ssl 

store  of  curious  reading,  and  the  mtiUvf  jianaf 
practical  oxperieuoe. — Jcfiaiag  Journul, 

"•ouns  iLkHEKTAiitR  DM  PoYaiQCs.  P*r  TAisi 


n 


Cabjag.    Paria, 
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THB  AKD  ITS  USBS,  OR  INSTRUCTION 
E  Abt  op  Tvbhiho  Wood  and  Mbtal. 
»«j.)     1   Tol.   8to.     London:    TrObner  A 

iTisK  OF  Lathes  ahd  Turning.  By  W. 
[COTT.  1  Vol.  8to.  Iliuatnted.  London : 
,  IMS. 

r  no  need  to  lay  mach  more  of  the  seoond- 
rk  than  that  it  !•  a  plainly  written^  nnpre- 
Bd  practical  introduction  to  the  use  of  the 
1  inttmction  ai  to  what  may  be  done  with 
t,  directly  or  indirectly.  It  deals  not  in 
y  or  past  phases  of  the  tumor's  art,  bat 
Mtnalities  of  the  present  day ;  and  is  illas- 
BOBg  other  plates,  with  some  Tiews  of 
e.,  produced  from  photographs  furnished 
f  the  rery  best  makers,  such  as  Fairbairn, 
and  Naylor,  of  Leeds,  Ac.  This  would  be  a 
;  to  put  into  the  hands  of  a  lad  commencing 
■tieeship  in  a  tool  •making  or  engineering 
le  first-aamed  Tolume  is  still  better — more 
*«,  and,  we  may  say,  a  more  soientifioally 
rork,  and  better  fitted  for  the  adranced 
if  mechanical  engineering.  The  author, 
irobably  an  American,  curiously  enoush 
roper  to  conceal  his  name.  He  admits  In 
ca  that  a  considerable  proportion  of  bis 
jsts  in  compilation  from  American  journals; 
it  b«  a  bit  the  worse  for  this,  however. 
ira  two  appendices;  one  on  the  angles  of 
Mr.  Bodsworth  Haydon,  of  Quilfurd;  the 
a  new  arrangement  of  lathe  and  chuck  to 
ngiae  work,  by  Elias  Taylor,  of  Brighton. 
th  by  English  authors  apparently,  are  well 
Ad  the  latter  is  useful  to  the  ornamental 

M-spon  theoretic  dicta  for  fixing  the  angles 
ir  rarioos  torts  of  work,  we  confess  we  have 
raapact  for  them,  notwithstanding  the  names 
aod  Babbage,  UoltxapfTel,  Ac,  with  which 
emants  have  been  connected.  All  of  prac- 
m  on  the  subject  of  these  angles  can  be 
a  few  sentences,  and  becomes  insensibly 
taet  very  soon  by  everybody.  A  raior,  a 
ty  a  wood  ohisel,  a  chipper  for  iron,  a  turn- 
r  drill,  need  different  angles  of  edge;  but 
lo  little  of  the  nature  of  ihe  resistance  to 
ppoeed  by  solids,  or  of  the  arrangements 
faDStitaent  molecules,  that  theory  really 
tile  or  nothing  worth  knowing  as  to  the 
baal  angle  for  various  materials  and  differ- 


»t  iSy  a  taming  tool,  for  example,  will  cut 
f  HMtal  in  the  lathe  at  many  angles  of  edge 
#"  and  90^,  and  by  varying  speed  and  other 
I  af  application  of  the  tool,  and  holding  the 
th  maohanical  firmness,  the  same  results 
>btained  with  larger  variations  of  angle. 
ing  soft  brass  the  doctors  fix  the  angle  a^ 
b  square  scraping  tool ;  but  for  turning  hard 
lilled  cast  iron  the  same,  90°,  is  not  only 
bat  tha  only  angle  that  will  stand  long. 
the  principle  that  gets  at  these  extremes  f 
kf  much  as  has  been  written — prattled,  we 
It  tempted  to  say — by  theoretic  amateurs 
ibjact,  the  very  fundamental  basis  for  any 
lorr  apon  it  remains  to  be  discovered. — 
M^ekauic'^M  Journal, 

TiCAL  TmsATisi  OK  MiXE  Ekoinebr- 
By  Q.  C.  Ohkknwbll,  F.  G.  S.     Setond  I 
Londoo:  Spon,  1809.  I 

I  aditioo  of  this  work  was  published  fifteen  { 
9  and  Masars.  Spon  are  doing  good  service  ., 
the  world  a  second  edition  of  a  very  valua-  | 
•a,  almost  entirely  rewritten,  and  published  i 
J  pATts.  It  is  always  diflicult  to  judge  of  | 
I  «!f  »  book  from  a  small  Instalment  of  the 


whole ;  but  Mr.  Greenwell's  reputation  is  one  guar- 
antee that  the  work  will  be  good;  the  character  of 
the  first  monthly  part,  now  before  us,  is  another, 
and  Messrs.  Spon's  well-earned  reputation  is  a  third. 
The  publishers  supply  a  short  prospectus,  telling  the 
world  what  the  contents  of  the  work  are  to  be,  vis : 
Geology,  as  applied  to  mining;  classes  of  rocks  com- 
monly met  with  in  mining  for  salt,  coal  and  metallic 
ores;  building  materials;  dykes,  slips  and  mineral 
reins;  internal  heat;  metallic  ores  and  minerals 
associated  therewith  and  with  coal ;  smelting;  boring 
and  sinking  tools;  timbering;  walling;  tubbing; 
management  of  quicksands  and  day;  pumping  en- 
gines and  pumps ;  winding  engines;  ropes;  pulleys; 
strength  of  timber;  ropes  and  other  materials;  the 
working  of  mines;  copper;  lead;  tin;  iron;  salt; 
coal;  ventilation;  theory  and  praotjoe;  fire  damp; 
carbonic  acid  and  other  gases;  explosions  and  other 
casualties,  Ao.  The  work  will  be  illustrated  with 
sixty -four  large  colored  lithographs,  four  of  which 
are  contained  in  the  first  part.  We  must  reserve  a 
more  extended  notice  of  the  work  till  it  has  made 
further  progress  towards  completion.  For  the  present 
it  must  suffice  to  say  that  Mr.  Greenwell's  informa- 
tion is  accurate,  and  his  style  remarkably  easy*  and 
even  elegant,  while  the  style  in  which  the  work  is 
got  up  by-  the  publishers  leaves  little  to  be  desired. 
— TAe  Bnginttr, 

SYSTEM  OF  Naval  Defences.  By  James  B. 
Bads,  C.  £.  Report  to  the  Honorable  Gideon 
Welles,  Secretary  of  the  Navy.'  New  York :  D.  Van 
Nostrand.     1868. 

At  the  close  of  the  American  war,  Mr.  James  B. 
Eads,  an  American  engineer  and  shipbuilder,  was 
commissionvd  to  examine  the  naval  constructions  of 
Europe,  and  to  report  thereon  to  the  Secretary  of  the 
United  States  Navy.  The  result  of  Mr.  Eads'  in- 
vestigatioLS  were  embodied  in  this  report.  In  this 
document,  after  touching  generally  upon  the  question 
I  of  naval  construction,  and  paying  a  well  merited 
;  compliment  to  Mr.  E.  J.  Ueed,  our  Chief  Construetor, 
I  in  respect  of  the  *'  Bellerophon,"  the  author  goes  on 
j  to  criticise  the  turret  system.  But  the  gist  of  tho 
I  report  is  the  publication  of  the  author's  designs  for 
[  having  from  one  to  five  fixed  turrets  within  which  the 
gun  platform  revolves.  Mr.  Eads  of  course  falls  foul 
of  Captain  Coles  and  Captain  Eriosson,  considering 
I  the  deck  joint  a  radical  defect.  On  the  whole,  the 
I  *'  report "  is  not  what  we  expected  to  find  it,  con- 
sidering it«  title.  It  is  true  the  author  submits  it  as 
I  **  the  result  of  his  observations  abroad,'*  but  having 
I  been  commissioned  *<  to  examine  the  naval  construc- 
j  tions  of  Europe,"  we  should  have  expected  some- 
!  thing  more  than  a  little  generalising  about  European 
turret  ships — which  could  be  done  by  the  author  in 
his  own  ofilce — and  a  great  deal  of  particularising 
about  his  own  scheme. — Meehanie'M  Magazine, 

The  *•  Army  and  Navy  Gasette "  gives  a  long 
reeume  of  Mr.  Eads'  arguments,  and  compliments 
him  on  his  forcible  style  of  statement,  but  expresses 
no  opinion  on  the  merits  of  the  case. 

BRITISH  Railways — as  thet  Are  and  as 
THBY  Might  be.  By  John  iMRAr,  C.  E. 
London:  E.  ft  F.  N.  Spon,  48  Charing  Cross.     1809. 

Various  schemes  for  vastly  increasing  the  number 
of  passengers  by  decreasing  fares,  and  thus  in  the 
long  run  benefitting  both  the  companies  and  the  pub- 
lic, have  been  put  forward.  They  are  all  too  far 
advanced  for  our  country  and  perhaps  for  our  day. 
Mr.  Imray's  is  less  revolutionary  tnan  some  that 
have  been  proposed,  and  the  following  abstract  of  it 
from  the  *'  Building  News"  will  at. least  be  enter- 
taining: 

The  tickets  for  passengers  to  be  issued  by  Govern- 
ment, like  postage  or  receipt  stamps,  to  be  sold  at 
any  stamp  or  post  oflkoay  and  available  on  any  day 


•nd  on  nny  Hue.  TVe  tioketa  to  b«  of  two  diffreiii 
formir,  And  four  colori — white  for  fifit  class,  rwi  for 
iecond  clft!»."t  bluu  for  tbird  clwa,  nod  yellow  for  lug- 
gage and  i>a reels,  the»o  \mst  to  be  adhesiirv.  i^quR^re 
livkeu  to  itidicftti?  &  **  abort  *'  journey,  not  eiceedjug 
twentj-five  miteSf  and  oblong  tickets  to  indicate  p. 
••loDg'*  journey,  over  »ny  dislnnce  grenter  tbm 
twenty -five  luilef.  Every  passenger  wbile  in  a  car- 
riage to  wear  bii  tickets  visibly  attacbvd  by  a  book 
or  catch  in  bii  dre?j,  so  tbat  tbo  officers  may  ico  it. 
Tbe  prices  of  tbeio  tioketi  lo  be  as  fuUowi  : 

SqaaT^  ttckcta  for  short  Jonrneyi..  Is.  6d.  3d. 
Oi»loog  tioketa  for  long  Journeys. ..  16fl^       8«-       ^- 

Luggage  tickeu  for  any  distance.  It*  each. 
In  case*  where  a  line  of  rait  way  belongs  to  two  com' 
ponies,  awd  the  first  part  traveled  by  a  passerger 
doeii  not  extend  twonty-fivc  miles  beyond  a  station 
where  the  passenger  enters,  the  tickets  to  bo  col- 
lected and  kept  by  the  focond  coinpanv.  lo  tbe  case 
of  long  tickels  tbe  mame  3fy§tem,  but  the  second  coin- 

Imny  to  cnrry  the  pai^sfngcr  on  to  a  distance  of  one 
iiitidred  miles  from  the  station  where  he  started. 
Every  railway  company  is  to  keep  an  account  with  a 
GovemojciJi  ofljce  —  preferably  a  branch  of  the  In- 
land  Revonue  Office  —  wbcro  the  company  is  to 
obtain  payment  for  its  obliternted  tickets,  less  a 
certain  amount  ohargeable  for  duty. 

CASSELL*8    Tbciikical    Mjlnuals  ;     Ortho- 
QRAI*Die    AXD     ISOMETftlClL    PjlOJECTlOK,    Dl- 
VEL0PMB5T    OF    RVJITACBH,     AHD     PCNETRATlOW    OF 

Solids,  Ac.  By  Eli-IS  A.  Davidson,  Lecturer  on 
Seienoe  and  Art  In  the  City  of  London  MiddU  Class 
Schools,  and  author  of  "  Linear  Drawing.^'  Gassell, 
Pelter  St  Gal  pin  :  London  and  Kew  York, 

A  knowledge  of  orthographic  projection  it  ctpeniial 
before  tbe  i^tudent  can  make  working  drawings  of  any 
bridge,  house,  roof  or  other  example  of  construction^ 
and  this  knowledge  is  floly  to  be  acqutrod  by  prac- 
tically drawing  the  vartout  diagrams  and  projections 
up«n  a  Uderabiy  large  scale.     *     »     • 

This  little  volume  commences  with  a  deicription  of 
the  matbtmatical  instruments  ordinarily  required  by 
draugbtiliien,  aud  we  heartily  indorse  the  advice  of 
the  author,  wherein  he  cautions  his  readers  against 
bad  and  inferior  instrumentf.  It  is  always  money 
well  spent  to  buy  the  host  to»U,  and  no  sensible  per* 
son  would  ever  think  of  doing  otherwise.  From  the 
projection  of  single  Aguroi,  the  reader  is  gradually 
introduced  to  others  of  a  more  eomplicaicd  nature, 
including  the  dcvetopmcnt  of  the  cyander  and  tho 
helix.  Irhe  last  chapter  treats  on  iiomotrtcal  pro- 
jection, a  particutar  description  of  pernpcctive  de-  i 
lineation  invented  nearly  fifty  years  ago  by  Professor 
Fariflh«  of  Cambridge.  This  is  a  very  useful  and  at 
the  same  time  a  very  cbaracteriittc  style  of  drawing. 
It  is  admirably  adapted  for  showing  at  a  glance  the 
taui  intemblt  of  any  architectural  or  engiueeriog 
structure,  the  details  of  iron  work  or  oarpentry,  and 
the  general  arrangement  of  details.  At  the  sjime 
time  it  is  not  calculated  to  supply,  strictly  speaking, 
the  place  of  working  drawings.  From  the  matiuer 
In  which  orthographic  and  isometric  projeetioni  are 
treated  in  the  volume  under  notice,  we  consider  it 
well  calculated  lo  form  a  valuable  little  text-book 
lor  Ihe  draughtsman  and  beg  inner. --if  uiMng  N$wa, 


ADbscriptive  Trkatise  on  Mathkmatical 
Drawiko  I.tsTRruaiKTS,  tueir  Construction, 

USIS,  QttALITlKS,    .SsLCiTlO!*,   pRKSERVATtOH,  AlTD 
FtOOESTlOlTB  FOR  InfUOV  KM  £NTS  ;   WITH  UlSTS  CPOJt 

DMAWtKO  AKti  CoLoniNG.     By  Wm.  Ford  SiAirLir. 
(gecund  edition.)     Stanley:  London. 

This  in  a  ipoond  edition  of  Mr.  Stanley^s  treatise 
on  mathcinaticjil  instruments,  to  which  several  addt- 
tioDi  have  been  made.  Amongst  other  things  a  de- 
Acriptioo  ii  added  of  a  drawing  hoard  in  tbe  form  of 


a  tray  for  holding  wood  blodkt  wbll*  j 
being  made  on  tbcm ;  auda  nen  furmsT' 
oonsiiting  of  a  sheet  of  glass,  on  vk' 
to  be  copied  is  placed,  a  rairior  briagl 
the  glass  so  as  lo  throw  the  light  \ 
drawing.     A  dsscription  is  also  idi 
planimetcr,  an  instrument  that  dssi 
generally  known,  and  of  a  form  of « 
the  continent   for  drawing  scctioa 
sqnare  if  provided  with  an  arrangisti 
pressing  a  lever  with  the  fing«r  tb«  i  ^ 
a  certain  distance.     Altogether,  Mr/^ 
eontaini  mncb  information  that  will  rtoi 
to  young  draughtsmen. -'ITagiaccri^. 

AN  Elementary  CnntSE  or  Ptjti 
TRT.       By   RiCBARD  WoRM* 

in  Mathematics  and  Natural 
author  of  '*  Arithmetic  for  Scj 
London;   Thomas  Murby,  32  Bouverie  i 
street,  E.  C. 

In  reviewing  thli  book  the  *' 
the  author  of  this  volume  has 
a  dry  subject  with  a  cons«^''  •"" 
attraction,  and  ilhistrate^ 
tbt  common  sense  of  tbe  B I 
once  enlists  hit  interest  atii  hr:tst*~ 
Lines  and  planes,  angles,  circles  and 
deioribed  in  detail,   and    the    T-s 
plumb  line,  and  «qnar«  introduo 
plication  they  have  to  the  mdimecitil 
of  educntion^  and  how  they  bear  up 
technical  and   professional  training 
every  chapter  a  number  of  question 
nation  are  added,  sufficient  to  ehable  j 
fix,  by  mtKus  of  their  solution,  the  iitk 
chapter  in  bis  memory. 

THB  Managkhknt  of  Stkrl,  Bfj 
employed  at  the  Royal  Oun  Faelo  " 
ment,  Woolwich  arsenal.  From  the  fo« 
edition.     New  York  ;  D.  Appl/'t 

Tbe  aueceMtve  editions  of  U 
gradually  increased  from  a  saiAi 
ly  duodecimo  of  over  two  hundred 
glad  to  find  that  a  reprint  is  aeeetstlli 
can  workmen.    As  a  practical  worke 
stands  very  high,  and  his  book  afToi 
be  possesses  the  rarest  of  all  facnltte 
to  state  plain  facts  in  a  plain  manner, 
tbat  the  baok  it  crammed  fult  *^f  thoroitg 
directions  and  valuable  suggcttioni* 

Those  who  have  carefully  read  the  roll 
think,  agree  with  us  whin  we  say  that,  i 
ing  the  unqualified  praise  whtclb  we  l^av«J 
ifaii  book,  it  might  be  much  imprttved  \ 
to  tbe  editorial  revision  nf  -  --    -r 
soo.     In  this  way  csrtaii 
quently  indofinitenoes  of  V  X 
amended. — .4m.  Journal  u/  ifiatj*^. 

TaKATiSE  OS  Valvekjkars,  wr 
GoNaiusRATioir  or  tbe  Ltxa-HOTio 
MOTIVE  E^QiJvicg.    By  Dr.  (Iustav  Zitr^ 
edition,  revised  and  enlarged*     Traneli 
German  by  MoRiTZ  Mitulkk.     LQik4<>fiS 
Spon. 

Dr.  Zeoner'i   treatise  hat  b««D 
continent  as  the  standard  work  on  valfB 
work  is  divided  in  all  int     '         '    p| 
the  consideration  of  the 
ihe-link-motionsof  Stepl- 
siQger  von  Waldegg,  and   i'iu«  k  mk 
geariofOoovenbacht  Meyer  and  Pnl0 
also  an  appendix  of  the  book«  treatli 
effect  of  steam  in  engines  fitted  witf 

Dr.    Zeuncr*s   valve   dtagraoi 
illustrated   in   the  first  Bumber  (pftft  \ 
Nottrand*M  Magasin$, 
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'f  Pacts  akd  Fiourbs  for  1868. 
I  Edinburgh:    A.   Fnllarton  A   Co. 

inal  Tolainc  of  **  Engineering  Facts 
cow  before  us,  and  is  no  whit  behind 
We  need  hardly  state  that  the 
ork  it  to  present  a  register  of  the 
lanical  engineering  and  construction 
r.  A  leading  feature  in  the  present 
tice  of  the  International  Maritime 
d  at  Havre  last  year,  and  which  was 
for  the  purposes  of  the  work.  Some 
are  given  on  the  Exhibition  held  in 
shich  tend  to  complete  the  subjects 
previous  volume.  The  matter  is,  as 
ftud  classified  under  distinctive  head- 
r  subjects  considered  are  boilers,  ex- 
»s,  fuel,  steam  engines,  locomotives, 
and  machinery  in  general,  metals, 
ps.  Of  course  there  is  not  room  for 
uch  a  volume;  but  the  selection  of 
'ably  made,  and  the  most  important 
arious  subjects  are  given,  reference 
be  object  from  which  the  information 
\  guide  to  the  reader,  should  he  deeire 
Ibe  volume  is  amply  illustrated,  and 
usual  neat  style. — MtchanWt  Maga- 


EXOINEERIXG  AKD  TUR  MeCHAN- 
LWAYS  :  A  Trbatise  on  thk  Privci- 

RUCTI05  OP  THE  LoCOMOTl  VR  EmGINB, 

lAQRS  A5D  Railway  Plant.  By 
r,  C.  E.     London  and  Qlasgow :  Wm. 

Co.  New  York:  John  Wiley,  535 
9. 

ending  inquiries  of  students  and  ex> 
f  machinery  has  been,  since  1805, 
le  remaining  numbers  of  Colburn's 
Queering  appear  ?"     Nos.  13  and  14 

us.  The  subjects  treated  are  The 
mbnstion,  Functions  of  the  Looomo> 

the  Principles  of  the  Blast.  It  is 
state  that  these  subjects  are  ably 
olburn  has  been  thoroughly  fitted  by 
nee  as  a  practical  locomotive  engi- 

traiuing  as  a  student  and  writer  on 
snr,  to  handle  these  subjects  in  a 
tnoroughlv  useful,  sound  and  enter* 

of  the  chapters  in  these  numbers 
'  Mr.  Ferdinand  Kohn,  whose  work 

Steel  Manufacture  is  noticed  else* 
vere,  of  course,  supervised  by  Mr. 
hall  make  further  reference  to  this 
eds. 

)CSTRIRLLES,  PUBLI^'eS  PAR  FrE- 
.  DB   CUAVANNES    BT   ClB.      A.  Ca8- 

ur.  Paris,  Rue  le  Peletier, 
French  bi-monthly  engineering  jour- 
is  publication  promises  exceedingly 
krs  to  be  ably  edited.  It  is,  more* 
very  good  style,  each  number  being 
brefully  exeouted  lithographic  plates 
ninor  wood  outs  interspersed  in  the 
es  are  of  large  site,  and  represent 
•obanioal  engineering  subjects. 

lAVELINO  IN  THE  XlKETBEXTH 
riTQ  Plan  op  Proposbp  Improyb- 
OROB  Lansdown.  London:  Pettltt 
street,  Soho.  1869. 
iphlet  advocating  the  American  sys* 
r  ears  for  British  lines. 

'ILDER.S'  Price  Book  for  1869, 
about  70.000  prices.  London :  Mor- 
19. 


n^RBATISB  ON  THE  POWBR  OP  WaTER  AS  Ap- 

1  PLIED  TO  Dbivb  Flour  Mills,  and  to  Give 
Motion  to  Turbines  and  Other  Hydrostatio 
Engines.  By  Joseph  Oltnn,  P.  R.  S.  Third 
Edition.  Revised  and  Enlarged.  New  York:  D. 
Van  Nostrand.     1869. 

It  is  a  pleasure  to  see  an  old  and  valued  firiend, 
like  this  little  work  by  Mr.  Olynn,  maintaining  its 
well  deserved  popularity,  and  reaching  a  third  edi- 
tion besides  an  American  reprint.  The  range  of 
subjects  treated  in  this  volume  is  very  wide,  and 
almost  all  the  data  required  in  calculations  relating 
to  the  flow  of  water;  horisontal  water  wheels;  tur- 
bines ;  undershot,  overshot  and  breast  wheels ;  water 
pressure  engines  and  water  rams,  Ac,  are  given  very 
fuUv,  and  in  such  a  shape  that  they  can  be  readily 
used  by  the  practical  man.  The  publishers  have  cer- 
tninly  laid  both  students  and  praetioal  men  under 
deep  obligations  by  this  reprint. — Anuriean  Journal 
of  Mining. 

THE  Transactions  op  the  Society  op  En- 
gineers  por  1867.     1  vol.  Svo.y  with  many 
plates.     London:  Spon,  1868. 

This,  the  last  volume  of  transactions  of  this  thriv- 
ing young  society,  auite  maintains  the  character  of 
its  predecessors,  and  something  more,  as  several  of 
the  papers  are  less  of  a  more  elementary  eharacter-7- 
having  iust  a  little  of  the  smack  of  schoolboy  exercise 
about  them,  as  was  the  case  with  a  few  of  the  former 
ones — and  two  or  three  are  really  able  and  exhaust- 
ive. This  is  especially  true  of  Mr.  Baldwin's  paper 
on  "Safety  Valves,»»  Mr.  V.  Pendred  on  "Tube 
Boilers,  >  and«  above  all,  Mr.  8.  W.  Worssam  on 
"  Mechanical  Saw8.»»  The  volume,  like  all  of  the 
series,  is  got  up  in  excellent  style  by  the  publisher; 
no  dearer  or  better  illustrations  need  be  sought  than 
the  lithographs,  which  equal  above  a  third  of  tht 
volume  in  bulk.— Prac/icoZ  M§ehanic"i  Jot^mal. 

IRON  AND  Steel  Manupacturb  :  a  Series  op 
Papers  on  the  Manupacturb  and  Properties 
OP  Iron  and  Steel;  with  Rbports  on  Iron  and 
Stkrl  in  the  Paris  Exhibition,  etc.,  and  De- 
scriptions op  mant  op  the  Principal  Iron  and 
Steel  Works  in  Qrrat  Britain  and  on  the  Con- 
tinent. By  Ferdinand  Kohn,  C.  E.  London: 
William  Mackensie,  Paternoster-row. 

This  appears  to  us,  upon  cursory  examination,  to 
be  one  of  the  most  oomplete  and  useful  works  extant 
upon  modern  iron  and  steel  making.  It  brings  the 
subject  down  to  the  present  practice— however  long 
that  may  last— and  is  very  fully  and  well  illustrated. 
It  is  favorably  reviewed  by  the  London  <*  Mining 
Journal,"  and  other  professional  periodicals.  We 
shall  give  the  work  a  more  extended  notice  on  another 
occasion.  Meanwhile  we  advise  mill  managers  and 
thorough  students  to  prooure  it  and  review  it  them- 
selves. 

Murray's  Treatise  on  the  Marine  Engine. 
Fourth  edition.  Ijondon  :  Virtne  <fc  Co. 
This  is  the  treatise  as  to  the  publication  of  which 
the  author,  Mr.  Murray,  has  so  justly  oomplained  io 
the  public  papers.  It  was  a  good  treatise  for  its 
time,  probably,  when  first  published,  but  needed 
much  to  bring  up  its  leewny.  This,  the  author  oom- 
plains,  has  been  done  or  attempted  by  another  hand» 
employed  without  his  knowledge  or  sanction  by  the 
publishers,  and  whose  work  the  author  views  as  hav- 
ing by  no  means  added  to  the  value  of  his  original. 
In  that  we  are  obliged  to  agree  with  the  author. 
The  book  ought  simply  to  have  been  reprinted  as  it 
stood,  or  all  but  rewritten,  and  not  merely  padded 
out  by  a  bulky  appendix,  of  which  almost  every  payre 
ban  been  taken  from  easily  aoceuible  printed  dooa« 
I  mentij  Ao. 
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RAILWAY  NOTES. 

RB-RoLUNG  Old  Raelwat  Iaobt,* — The  worn- 
out  riillfl  oil  the  Erie  and  PenDsylvani*  Railways 
are  re-rolled  fur  further  use  in  tliis  J*ame  farm,  and 
this  ]iroci*s<i  m  purrormed  wcctmling  to  tlie  following 
iustriictlQnSt  which  iire  emboditsd  in  the  »pecilica- 
tions  of  that  company  ; 

1st*  The  old  mils  shall  be  ]>ned  in  piles,  and  every 
ptect*  shall  be  the  whole  k-ngth  of  the  jjik\  and  the 
pile  80  mftdi-  shall  be  rolled  into  flutn. 

2d.  All  rails  classed  iis  64  lb.  to  07  lb»  »h.ill  be 
rolled  from  a  9  in.  rail  pile^  miid  pile  to  be  made  an 
follows ; 

84.  The  said  fiatJi  !ih.ill  be  put  into  a  pile  of  proper 
8UCC  for  A  ruil^  each  dat  being  of  the  full  letij^'th  of 
the  pile,  and  of  which  tlais  the  bar  forming  top  or 
beail  of  the  rail  shall  be  of  a  new,  goi*d,  tough, 
granular  re-worked  iron,  such  aa  will  weld  well  \  to 
be  Ij  in.  thick, 

4ih.  The  layers  formiiiia;  the  central  part  or  stem 
of  the  rail  shull  be  of  puddled  oi  iis-workiKl  iron,  of 
a  good  quality,  or  of  old  rail»  (at  the  option  of  the 
manufuetun-r),  rolled  to  a  thickness  of  not  over  2 
in,;  and  of  such  width  that  the  vartousi  layers  will 
hre ilk  joints,  and  what  h  known  m  a  stiiggered  pile 
formed. 

oth.  The  haae  of  the  pile,  from  which  the  bottom 
or  tiange  of  the  rail  is  made,  shall  l>e  of  good,  re- 
worked fibrous  iron — the  under  iuver  of  which  ahjill 
l>e  of  tull  width  aud  length  of  pile,  not  less  than  1  j 
in.  thiek-  The  pile  »hall  be  well  and  carefully 
heated,  so  as  to  insure  a  good  weld. 

0th.  The  short  pieces  furniahed  by  the  railway 
company,  and  all  short  pieces  cut  off  by  the  rolling 
mill,  shall  be  piled  by  themselves,  and  roiled  into  a 
flat,  which  tlat  shall  either  be  piled  in  the  rail  pile 
or  used  in  making  flanges  of  the  raiL  The  railway 
company  shall  have  the  right,  from  time  to  time,  to 
direct  in  what  pjrl  of  said  pile  said  tlats,  so  made 
of  the  pieces  shall  be  ptacodj  not  more  than  two 
8ucb  ^itjf  shall  be  in  any  one  pile. 

7th.  The  rails  to  be'roUod  to  pattern  furnished 
by  railway  company;  to  be  *-!o  tt.  long;  not  over  ten 
p.T  cent  tihall  be  of  ifhorter  lengths,  but  not  loss 
than  18  ft. 5  all  rails  to  L>e  undercut  |  in.;  to  be 
notched  2|  in.  from  each  end,  the  notch  to  be  |  in. 
deep  and  i  in.  long,  or  of  such  dimensions  as  the 
railway  snpriutendent  may  direct. 

8th.  It  is  mutually  agreed  that  the  railway  com- 
pany shall  not  exact  from  the  iron  works  rails  class- 
ed «is  re -rolled,  to  be  of  better  material  in  the  cen- 
tral parts  and  base  of  the  pile  than  can  be  produced 
from  the  old  iron  furnished  by  said  railway- 

9th.  liuilM  and  process  of  manufacture  Mlial!  be 
iuViji'ct  lo  inspection  by  such  peri*ons  as  the  super- 
intendent of  the  railway  iball  lolect  and  appoint  for 
that  purpose. 

o.\T  Cbmis  Ton  sfKt  CoiiPi,Krioif  .^According  to 
'"  joumals,  t!i"   .  >---! -tion  of  the  great 
Im  m'  the  oce  !  rt'Lit  International 

K  r  Turin    TJi  jent  in  to  a.sk  Pur- 

li  .  Te  the  sura  of  a,iM.HJ,m}0  francs  to  cover 

!ti  of  this  onteniriae.    It  in  expectc^d  that 

lln'  work  will  be  tinlMhed  m  the  winter  of  1809-70, 
aud  that  iii  UM»  will  begin  early  In  the  lattgr  yoar. 
^^Jnnaieu  du  Gtnie  Civil. 


M 


t%iigb*h  pa|.^r,  but  ire  believe  il 
own  JourjiaU  )  we  bare  uui  Uia 


FBEXCli    RAU.WATB  —  NeW  Coij?  i 
LAils  OP  W'oHlt*. — The  1.1 : 
railways  are  worked  t»y  Hre 
but  recently  man)  •- 
to  new  companies 
local  authorities*  urui 
regnlatious  ordered  by  ' 
companieM.     A  new  ClK..^  ... 
with  the  Con»eil-g6n6rid  du  LK'H 
rault  for  120  mites  of  new  hues 
the  seaside,   from   Feienaui  to 
Montpelier  to  Ltnleve.     Tlic?  etmiy^Mifl 
a  subsidy  of  K  ■ 
two  claA*?8i'] 
aud  third  cla 
he  the  ordiJi 

of  the  curvr-  nil 

not  exceed    ono   Unrty 'third.      Tl 
fences  to  the  line  nor  guuHi  tA  Ui©  J 
but  the  speed  will  ni>l  .  ' 
Tlie  weiglitof  thellatii 
pounds  jK'r  yard,  and  rin-   .r 
aleeper^  will  be  fuur  fett.     The  TiuIj 
tured  by  tlie  L'liorrne  iranwi>rki|,| 
at  £9  15s.  per  too.     It  is  inteo  ' 
wagons  of   the  mam  line  sliou 
these  branches,  but  the  engines  ' 
engines,  with  four  coujil«?d   whecli^ 
sixteen  touM,  or  twelve  I  tfj   ' 

will  be  supplied  by  Gr.i 
There  will  be  also  some  *. -.i.-.v 
are  manufactured  by  the  Five«- 
carriageii,  built  at  Lyons,  will 
intercommunication;  there  will  be 
story  carritLges  for  the  little  line  fra 
to  the  seaside^  where  a  targ^e 
very  probable.  These  Itnev  wl 
works  of  engineering  except  a  lattice  j 
with  five  ^panii  of  120  feci  each,  < 
river. —  The  Engineer. 

PaopoflED  Tr\?n;L  bbtwhrji  Iitiit*4li 
LAXD, — ^A 
Ireland  aud 
entrance  to  tij.  ..i-.w., 
accomplished  on  the  Ir 
about  midway  between  ' 
on  the  coast  of  Anirim,  and  <»n  ih»» 
Glenairone,  from  whence  it  would  rua 
head  of  the  Mull  of  Cantyr«.  The  tj 
the  tunnel  under  water  w^onki  he 
three  furlongs,  and  it  is  siud 
through  which  it  wouhl  have  to  I 
Suited  for  tunneling  operations.  I 
for  lining  it  can  U*  had  in  any  qv 
side.  It  is  proposed  to  constru 
single  line  only,  the  extreme  do 
one  feet,  and' the  clo^r  width 
rails  flfteen  feet.     '^ '  i 

be  occupied  in  « 
for  all  coufingent'i 
under  four  and  a  > ; 
deud  of  !l\e  per  n 
forty- two  pounds  per  miie,  Jind  an  el 
pended  to  "»h»>w  mM  th**  gr^^T*  earn 


developed* 

PDircu's   approved   method 
between  puaenger  &od  j 
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LHi  Railway,  when  completed,  will 
iih  AD  oubroken  line  of  rAilway  coramu- 
etireen  Calcntu  and  Lahore,  a  difttance 
liki.  The  contract  for  its  construction, 
lilei,  was  let  in  1864.  The  commence- 
the  work  was,  however,  delayed  nntil 
:  the  present  time  the  wells  for  the  fonn- 
the  larger  bridges  have  been  sunk  to 
ed  depth.  This  railway,  besides  fre- 
rouing  canals,  spans  three  large  and 
rivers,  the  Jumna,  the  Sutlej,  and  the 
iides  one  great  mountain  stream,  the 
The  aggregate  water-way  required  for 
*«  amounts  to  upwards  of  two  miles. — 
itbcrn  section  of  the  railway,  betwctfn 
ind  Ghaz«eabad,  which  was  formally 
I  November,  there  are  eight  large 
nd  ten  for  minor  streams,  coniprbltig 
M,  varying  from  60  to  102  ft.  iu  length. 
them  section,  seven  important  bridges 
ted.  Of  materials.  90,000  looa,  iwclu- 
inent  way,  bridge  work,  fencing,  and 
i  been  sent  f^om  England  since  the 
865  for  the  formation  of  this  railway, 
zed  bv  contract  fur  the  completion  of 
Une  is'thc  third  of  May,  1870. 

r  WoaKiCE!!  i!f  Tunnels. — A  new  sys- 
iirdfng  a  great  security  to  the  platelayers 
els,  is  used  in  the  Bluisy  tunnel  of* the 
iurseilles  line.  This  tunnel,  13,000  feet 
oietimes  very  smoky,  and  the  men  had 
uUy  in  being  pro]icrly  warned  of  an 
I  train.  An  insulated  i^nre  has  been 
»  side  of  the  tunnel  five  foot  over  the 
he  ganger  of  the  platelayers  is  supplied 
able  electric  bell  that  he  must  suspend 
in  the  neighborhood  of  the  place  where 
id  himself  are  working.  The  electric 
:ion  is  completed  bv  an  iron  wedge 
tween  two  rails  of  the  line,  and  con- 
i  wire  to  the  electric  bell.  As  soon  as 
I  into  the  tunnel,  the  signalman  of  the 
n  at  the  entrance  of  the  tunnel  sends 
current  in  the  wire  and  rings  the  bell 
until  the  signal ''  line  clear ''  is  received 
lier  end  of  the  tunnel. — Tht  Engineer, 

I. — The  highest  point  on  the  Central 
Railroad  is  in  the  Bummit|Of  the  Sierra 
t>eiug  7,042  feet  above  the  level  of  the 
B  next  highest  is  Pcpoup  Pass.  6,180 
the  level  of  the  ocean,  and  541  miles 
cram^nto,  in  the  Goose  creek  range 
IS.  The  highest  points  on  the  Union 
Green  river.  6,145  feet  above  the  level 
Benton.  6,685;  Laramie,  7,175}  Sher- 
't  and  Cheyenne,  7,040. 

Locomotive  Fuel.  —  The  following 
lave  been  obtained  on  the  Grand  Trunk 
'anad^i :  Number  of  miles  run  by  train, 
jLtis  distance  run  by  all  the  cars,  15.267 ; 
liber  <if  cars  per  train,  22.4;  i>eat  con- 
15  pounds;  wood  for  same  work,  105,187 
ulier  of  miles  run  per  ton  of  peat,  31.6; 
ailes  run  ])er  cord  of  maple  wood,  27.6; 
in  favor  of  peat,  14  per  cent. 

T  IM  Persia,  from  Teheran  to  a  lu- 
nltoi  oat,  if  io  progreu. 


RAILWAY  Time  Tables  in  Hollano. — ^We  find 
in  the  Dutch  journal  "  Opmerkcr  "  the  follow- 
ing lines : 

'*  Bois'U'Duc* — ^The  provincial  Court  of  Appeals 
lias  just  given  its  decision  upon  a  writ  of  error,  from 
the  tribunal  of  Breda,  in  the  case  of  M.  J.  Urban, 
residing  at  Brussels.  The  tribunal  found  M.  Urban 
guilty  of  a  violation  of  the  law  of  Aug.  21st,  1859, 
containing  provisions  for  the  management  of  rail- 
ways, in  failing  to  cause  the  dei>arture  of  tho 
Rozendoal  train  at  the  time  indicated  in  the  tables 
on  the  evening  of  Sept.  29th.  M.  Urban  was  fined 
200  florins,  and  si'Utenced  besides  to  vix  days  in  jail. 

''  The  Court  of  Appeals  has  confirmed  the  judg- 
ment, and  the  appelleut  has  been  compelled  to  pay 
the  costs." 

M.  J.  Urban,  we  believe,  is  tho  director-general 
of  the  Grand  Central  Railway  of  Belgium,  which 
has  a  station  at  Rozendaal.  It  seems  that  the 
Dutch  Government  requires  railway  time  tables  to 
be  kept  up  to.  Nobody  will  blame  it  in  this  case. 
— Annulet  du  GSnie  Civil, 

Abandonment  or  Broad  Gauor. — ^The  northern 
section  of  the  Great  Western  Railway  of  Eng- 
land is  now  worked  entirely  upon  the  narrow  (4  ft. 
S\  iu.)  gauge.  The  7  It.  gauge  is  beuig  gradually 
abandoned  on  the  entire  line. 

Railways  in  Persia — The  Shah  of  Persia  has 
recently  granted  to  English  capitalists  tho 
monopoly  of  railroad  building  in  that  county  for 
twenty  years. 

A  Car  is  now  building  in  Jersey  City,  which  will 
be  the  costliest,  the  largest  and  one  of  the  most 
elegant  in  tlie  world.  It  is  for  the  Erie  road,  and 
will  cost  $60,000. 


MISCELLANEOUS. 

Notice  to  our  Cotemporaries. — Several  tech- 
nical journals  are  iu  the  habit  of  copying  with- 
out credit  from  **  Van  Nostraud'S  Magazine"  trans- 
lations from  French  and  German  magigsines.  We  do 
not  quite  see  theproprietyof  copying  without  credit 
our  abstracts  of  pu{Kirs  and  articles  from  the  English 
journals  ;  but  when  we  have  undertaken  the  ex|)enso 
and  trouble  of  tRmslatiug  as  well  as  compiling,  we 
think  an  acknowle<igment  thereof,  on  the  part  of  our 
said  cotemporaries,  would  be  at  once  just  and  polite. 

NEW  Books. — It  may  perhaps  be  unnecessary  to 
call  tho  attention  of  our  readers  to  the  seriea 
of  notices  under  this  heading.  This  is  probably  the 
most  comprehensive  list  of  new  professional  hooka 
that  is  accessible  to  the  general  reader  ;  and  the 
notices  present  not  only  sufiicient  specifications  of 
the  subjects  treated,  but  the  average  professional 
opinion  as  to  tho  mannor  in  whidi  they  are  treated. 

ANkw  Alloy. — A  now  alloy,  farming,  wo  are 
told,  a  beautiful  white  metal,  very  hard,  and 
callable  of  taking  a  brilliant  polish,  is  obtained  by 
melting  togc^ther  about  70  parts  of  copfter,  20  of 
nickel,  t}{  of  zinc,  and  4^  of  cadmium.  It  is, 
therefore,  a  kind  of  German  silver,  in  which  part 
of  the  xinc  is  replaced  by  cadmium.  This  alloy 
has  bi*en  recently  made  in  Paris  for  tho  manufhc* 
turu  of  spoons  and  forks,  whioh  rcicmblo  articlca  of 
silvor. 
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iBL  Bails— The  Results.— Bease- 
»el  rmilfl  have  been  in  regular  and  ex- 
t  use  abroad,  over  ten  years.  For 
five  years  large  trial  lots  have  been 
1  Tmrious  American  roads  having  heavy 
,  and  daring  the  last  two  years  import- 
have  largely  increased, 
t  manufiBMstare  of  steel  rails  has  also 
commenced  at  four  large  establish- 
in  this  country,  and  some  7,000  tons 
me  manufacture  have  been  produced 
kid  down.  It  is  estimated  that  from 
)  to  50,000  tons  of  steel  rails  are  in 
n  OUT  various  railways.  Among  the 
of  steel  rails  are  the  Hudson  River, 
and  Pennsylvania  railways  — 10,000 
V  more  each;  the  Lehigh  and  Sus- 
iinmh  (entirely  built  of  steel) ;  also  the 
lelpkia  &  Baltimore ;  Camden  &  Am- 
ne ;  Lehigh  Valley ;  New  York  Cen- 
Wew  York  &  New  Haven ;  Naugatuok ; 
I  k  Essex;  Cumberland  Valley ;  South 
Da;  Chicago  k  Northwestern;  Chicago 
k  Island ;  Chicaffo  k  Alton ;  Michigan 
mi^ ;  Michigan  Central ;  Lake  Shore 
Chicago,  Burlington  k  Quincy ;  Pitts- 
Port  Wayne  k  Chicago ;  also  the  Bos- 
Providence,  Boston  k  Worcester,  Bos- 
Maine,  Boston  k  Albany,  Eastern, 
etieat  River  and  other  lines  in  New 
ad. 

Vol.  I.— No.  6.-38. 


Thb  Weab  of  Steel  Rails.— As  no 
steel  rails  are  reported  to  have  worn  out  on 
our  roads,  the  comparative  durability  of 
steel  and  iron  cannot  be  absolutely  deter- 
mined. 

The  president  of  the  Philadelphia  k  Bal- 
timore railway  states  (in  the  letter  before 
quoted)  that  the  use  of  steel  commenoed  in 
1864,  that  the  rails  (25  miles  in  all)  were 
laid  on  the  most  trying  parts  of  the  line; 
that  none  have  been  taken  up  on  aooount  of 
breakage,  wear  or  defect ;  that  upon  the  por- 
tion of  the  line  near  Philadelphia,  the  first 
steel  rail  imported  had  already  worn  out  six- 
teen iron  rails ;  and  that  none  of  the  steel 
rails  have  shown  any  imperfection,  but  are 
all  wearing  smoothly  and  truly. 

On  the  Pennsylvania  railroad,  the  report 
of  the  Chief  Engineer  for  1868  states  that 
11,494  tons  of  steel  rails  had  been  purchas- 
ed, and  9,956  tons  laid.  The  first  were  laid 
in  1864.  They  are  all  wearing  smoothly, 
showing  no  change  except  the  slight  diminu- 
tion of  section  to  be  reasonably  expected 
from  the  heavy  traffic.  No  steel  rails  have 
yet  worn  out.  The  report  of  the  Superin- 
tendent (Feb.,  1869),  says:  "The  use  of 
steel  rails  continues,  with  satisfactory  re- 
sults, and  4,544  tons  of  this  material  have 
been  laid  since  date  of  last  report." 

It  is  officially  reported  that  on  the  Gam- 
den  k  Amboy  line,  some  of  the  steel  rails 
laid  three  years  ago  are  now  good  in  places 
where  iron  lasted  but  a  few  months. 

The  last  report  of  the  Engineer  of  the 
Lehigh  Valley  railway  savs:  "Another  year's 
wear  has  made  no  perceptible  impression  upon 
the  200  tons  (of  steel  rails),  the  first  of  which 
was  laid  in  May,  1864,  none  of  which  have 
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broken  or  given  nut  sintje  last  report*  Th«se 
rails  have  bad  a  severe  test,  being  in  those 
places  in  the  track  where  thej  are  subject  to 
the  greatest  wear,  and  bt'itig  laid  with  a  chair 
which  10  nuich  inferior  to  the  raoj?t  approved 
joint  now  in  use.  There  is  no  longer  any 
posaible  doubt  as  to  the  Hiiperiarity  of  isteel 
over  iron  in  economy,  as  in  every  other 
respect.'' 

Unofficial  reports  from  the  Erie,  Hudson 
Kiver  and  other  roads  show  that  the  above 
Btatements  represent  the  average  quality  of 
Bteel  rails. 

The  last  report  of  the  New  York  &  New 
Haven  railway  states  that  **  the  subject  of 
steel  rails  has  received  special  attention ,  and 
after  a  carefal  investigation  of  all  the  points 
involved,  it  has  been  determined  hereafter  to 
make  all  renewals  of  track  with  steel  rails 
only ;  2,600  tons  of  Bessemer  y  tee  I  rails  have 
been  contracted  for  on  account  of  renewals 
for  the  present  year," 

The  report  of  the  Morris  &  Essex  railway 
for  18*>8  says:  **  During  the  last  year  one 
track  through  the  tunnel  has  been  re  laid  with 
fiteel  ** — also  some  150  tons  of  steel  laid  else- 
where. **  The  wear  of  steel  shows  conclusively 
that  economy  will  rctjuire  its  use  on  all  heavy 
grades  and  sharp  curves." 

The  last  report  of  the  New  tleraey  Rail- 
road and  Transportation  Company  says:  **  It 
is  probable  that  steel  rails  will  lie  gradually 
laid  the  entire  length  of  the  road,  the  great- 
er durability  of  these  rails,  overcoming  the 
objection  to  their  increased  cost. 

Within  the  last  three  years,  two  notable 
papers  have  been  read  before  the  Institution 
of  Civil  Engineers,  in  London »  upon  the 
maintenance  of  way  and  the  wear  of  rails^ 
the  papers  of  Mr.  Price  Williams  and  Mr. 
C.  P*  Sandbcrg.  They  were  followed  by 
prolonged  discussions,  in  which  the  makers 
of  iron  rails  took  a  conspicuous  part,  leetur* 
ing  the  engineers  on  professional  subjects. 
The  general  facts  and  conclusions  elicited 
have  been  published  in  the  various  engineer- 
ing periodicals,  and  are  extremely  favorable 
to  steel  for  lines  of  heavy  traffic.  A  great 
number  of  instances  of  the  comparative  wear 
of  steel  were  cited*  In  one  case  23  iron 
rails  had  been  worn  out,  where  a  steel  rail, 
liitd  end  to  end  with  the  iron,  was  not  yet 
warn  down.  In  other  cases  the  wear  was  17 
to  1.  It  is  conceded  that  any  steel  rail  will 
outlast  6  iron  rails.  In  fact,  the  remarkable 
wearing  qualities  of  steel  rails  have  never 
been  doubted  or  questioned. 
Break AQE  of  Steel  Kails.  —  Some 


steel  rails  of  English,  French  and  An-^r'ifsSi 
manufacture   have   broken    in   serr 
several   cases  the  cause  has  l)eeii  a- 
by  the   direct   analysis  of  tha   br 
The  cause  was  phosphorus.     In  itg^v  vv 
cases,  where  analyses  were  not    muA*^  ibi 
general  character  of  the  iron  i;      ' 
ascertained,  and  the  trouble  h:. 
red  to  be  phosphorus,  or,  in  sc^Uit  ill**: 
excess  of  silicon.     It  is  well  known  to  I 
makers  that  a   very    minute    prop«ali< 
phosphorous  (above   .02  per  cent)  will  i 
Bessemer  steel  brittle.     In  othvr  iiMr9,i 
have  broken  at  the  mark  of  the  **g«gl 
instrument  for  straightening   the  rail 
The  rails  had  not  been  properly  hot  istr 
ened,   or  were    finished   at  too   low  a 
More    rails   have    broken    throinth  pi 
fish-bolt  holes  and  at  punched  niebi  jbI 
flange,  than  at  any  other  places.     Eif 
nients  prove  that  punching  a  hole  ia  a  »tc»| 
rail   sufficiently  hard  to  wear  well,  »pa 
it.     Three  or  four  rails  are  reported  to  ! 
broken,  or   rather  crumbled,   by  r 
large  flaws.     Upon  examination  it  \s 
in   otic  case,  that  a  steel  rail  end  Laki  i 
placed  in  the  ingot  mold,  and  that  thr-lwf 
steel    poured  around    it    hail  not 
united  to  it.     This  practice  in  c^ 
therefore   abandoned.     In    aii- 
lump  of  clay  appeared  to  have  U... 
mold  and  to  have  became  cast  into  li 
In  another  case,  too  much  of  the  fa 
the  ingot  had  been  left  upon  tht 
other  words,  the  rail  had  been  senl 
unfinished    state.      These  causes  i 
will  be  again  referred  to. 

The  total  breakage  of  steel  mik,  h  An 
country,  and  the  comparative  hmkigt  of 
steel  and  iron  have  not  been  reported.  Tkt 
total  breakage  of  steel  on  several  roi4i  In 
been  officially  reported. 

Upon  Jan.  1st,  1869,  on  the  Hudson  Eiiw 
railway,  out  of  eleven  thousand  tood  td  HkI 
rails  in  use,  some  of  which  had  bcca  llui 
three  years,  eleven  rails  had  brokeo*  Tbt 
greater  number  of  the«e  rails  were  io  w 
during  the  excessively  cold  winter  ItW-*^* 
when  It  was  unofficially  reported*  that  1 1 8  iwo 
rails  broke  in  one  day  on  this  railwtjt  *fl^ 
when  it  waa  officially  stated  that  IfiW  inm 
rails  broke  in  a  month  on  the  F  '  »J- 

On  the  Erie  railway,  out  of  ^^ 

steel  rails  in  use  Jan.  1,  ten  raiU  hjul  truk* 
en.  Some  800  tons  of  these  rails  werft  of 
American  manufacture,  and  none  of  theo 
have  broken. 
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i  the  main  line  from  New  York  to 
elphia,  a  small  quantity  of  steel  rails 
lid  fonr  years  ago,  and  200  tons  of 
3nder  steel  rails,  two  years  ago.  The 
the  steel  on  this  line  was  laid  in 
Oat  of  the  entire  1,500  tons  in  use, 
1  has  broken. 

1  the  Philadelphia,  Wilmington  and 
ore  railway,  the  President,  Mr.  Hinck- 
Xea  (in  a  letter  before  quoted)  that 
25  miles  (say  2,400  tons)  of  steel  rails 
Lve  never  broken  one  in  use,  nor  tak- 
me  on  account  of  wear  or  defect." 
Chief  Engineer  of  the  Pennsylvania 
1  reports  that  *'  some  lots  of  Ameri- 
el  received  have  been  found  too  hard 
ittle,  having  a  tendency  to  break  easi- 
ise  have  been  carefully  excluded  from 
tracks.  The  recent  American  steel 
imished  have  been  found  fully  equal 
;hnes8  and  wear  to  the  best  foreign 
lavinff  been  subjected  to  severe  tests 
fc  falhng  weight.*' 

:he  other  hand,  a  bad  lot  of  steel  rails 
«en  removed  from  the  track  of  the 
if  railway,  and  the  breaking  of  some 
uls  on  the  Michigan  Centr^  railway 
rted,  although  the  use  of  steel  is  con- 
on  that  line.  Mr.  James  F.  Joy, 
ent  of  the  Chicago,  Burlington  and 
'  railway  and  of  the  Michigan  Central 
r,  reports  as  follows,  as  to  the  use  of 
■ails  (3  miles)  on  the  former  road: 
result  has  thus  far  not  been  such  as  to 
age  the  Board  in  an  extended  use  of 
he  ordinary  track  of  the  road."  As 
results  of  8  miles  of  steel  on  the 
;an  Central,  Mr.  Joy  says :  **  The  steel 
OS  far  has  hardly  borne  the  test,  hav- 
«n  found  more  liable  to  break  than 
As  the  average  life  of  iron  on  the 
3  about  8  years,  it  is  somewhat  more 
[uestionable  if  it  will  be  found  econo- 
to  substitute  steel  for  iron  in  the  track 
road.  At  stations  and  where  the  life 
iron  is  short  from  great  wear,  it  is  ex- 
t,  perhaps,  to  make  the  substitution." 
M  a  rather  remarkable  fact,  however, 
16  Superintendent,  Mr.  H.  E.  Sargent, 
same  report  of  the  Michigan  Central, 
•'  Three  hundred  tons  of  English  steel 
lanufactured  by  John  Brown  &  Co., 
the  Bessemer  process,  were  laid  early 
ear  in  some  places  where  exposed  to 
service.  They  have  worked  well  thus 
.rdly  showing  perceptible  wear  at  any 

be  absence  of  further  official  informa- 


tion, it  is  fair  to  assume  that  the  breakage 
of  steel  rails  is  only  a  small  percentage  of 
the  breakage  of  iron  rails.  Indeed,  the  lat- 
ter is  of  daily  occurrence,  and  is  rarely  con- 
sidered by  the  public,  except  when  lives  are 
lost,  and  not  always  by  railway  managers 
when  they  make  contracts. 

Tests  and  Improvements. — The  very 
important  question  now  arises — Can  steel 
rails  be  relied  upon  to  give  the  satisfactory 
results  above  quoted,  or  improved  results — 
can  the  evil  of  breaking  be  practically  over- 
come? 

We  have  seen  that  the  chief  and  usual 
cause  of  brittleness  is  phosphorus.  It  is 
well  known  that  the  great  deposits  of  iron 
ore  in  this  country,  such  as  the  Iron  Moun- 
tain and  Lake  Superior  are  practically  free 
from  this  impurity.  The  quality  of  the  ores 
in  this  and  adjacent  States  is  various. 
Those  of  the  Housatonic  valley  are  generally 
well  adapted  to  steel  making ;  the  magnetic 
deposits  of  Lake  Champlain  are  generally 
unsuitable.  The  cheap  charcoal  irons  of 
Alabama,  Virginia  and  Tennessee  are  gene- 
rally very  pure.  The  Cumberland  irons  of 
England,  made  especially  for  Bessemer  steel, 
and  used  by  Brown,  Cammell  and  other 
first-class  makers  there,  have  also  been  im- 
ported to  our  steel  works  at  reasonable  rates. 
But  however  plentiful  the  ores  suitable  for 
steel  may  be  in  this  country,  great  care  in 
smelting  and  in  the  selection  of  fluxes  will 
be  indispensable  to  a  uniform  product.  The 
manufacture  of  pig  iron  in  this  coimtry  has 
been  so  remunerative,  that  iron-masters  have 
not  heretofore  felt  impelled  to  introduce  the 
refinements  that  characterize  the  smelting 
process  abroad.  A  uniformly  bad  iron  would, 
of  course,  be  avoided  by  the  steel-makers — 
the  danger  lies  in  the  creeping  in  of  impuri- 
ties, by  reason  of  improper  manufacture, 
when  the  general  character  of  the  iron  is 
good.  This  cause  of  failure  may  obviously 
be  avoided. 

Upon  the  introduction  of  the  new  manufac- 
ture in  this  country,  our  steel-makers  appear 
to  have  made  the  natural  but  inexcusable  mis- 
take of  neglecting  analyses,  critical  inspec- 
tions and  rigid  tests.  This  error  was  copied 
from  the  early  English  practice.  In  both 
cases  it  led  to  uncertain  results,  and  injured 
the  reputation  of  the  product.  Now  it  is 
reported  by  our  steel-makers  that  they  buy 
no  irons  until  after  they  are  specially  ana- 
lyzed ;  that  they  mix  a  large  number  of  irons 
for  each  charge  of  steel,  so  that  any  acci- 
dental impurities  in  one  may  be  largely  dl- 


4BA 


VAN  NOSTRAND^S  ENGINEEBINO  MAGAZINE. 


luted ;  that  they  te^t  all  charges  of  steel  by 
welding,  cold  bending  and  otherwise;  and  that 
they  test  rail  ends  from  each  charge  of  steel 
made.  One  steel  axle  maker  advertises  that 
be  makes  mch  axle  four  feet  lunger  than  re- 
quired, and  tests  it  by  dropping  a  1,640  lb, 
weight  5  time^  upon  this  end  from  an  height 
of  20  feet. 

The  punching  of  steel  rails  has  been  aban- 
doned. Several  kinds  of  power  and  hand 
drilling  machines  have  been  introduced,  that 
do  the  work  rapidly  and  well.  The  loss  from 
the  neutral  axi^  of  a  rail,  of  the  little  mate- 
rial necessary  to  let  a  bolt  through,  cannot 
sensibly  weaken  it.  To  prevent  the  rails 
from  creeping,  the  engineer  of  the  Pennsyl- 
Tania  railway  pins  them  to  several  sleepers 
by  means  of  \  inch  holes  drilled  in  the 
flange.  There  are  also  other  and  better  de- 
vices for  preventing  end  movement^  which 
do  not  weaken  the  rail  at  all. 

The  grand  advantage  of  steely  for  service  un- 
der concussion  and  wear,  is  its  homogeneity. 
Having  been  cast  from  a  lifjuid  state,  it  isanund 
and  uniform,  and  free  from  the  laminations 
and  layers  of  cinder  and  numerous  welds  which 
characterize  wrought  iron,  especially  the  low 
grades  of  wrought  Iron  usually  put  into 
rails. 

The  tests  above  referred  to  would  appear 
to  amount  to  a  guarantee  against  rails  break- 
ing in  the  track.  The  causes  of  failure  men- 
tioned, are  obviously  not  a  necessary  feature  of 
the  Bessemer  process,  nor  is  uncertainty  re- 
garding the  quality  of  the  product  an  in- 
herent difficulty.  Perhaps  no  metallurgical 
process  is  more  simple  and  less  liable  to 
variable  features  and  results,  provided  always 
that  the  iron  and  the  other  materials  and 
the  machinery  employed  are  of  good  quality 
Mistakes  in  the  process  of  manufacture  are 
of  Tcry  rare  occurrence,  because  it  is  less 
trouble  to  go  right  than  to  go  wrong,  and 
because  the  manufacture  is  in  a  very  small 
degree  dependent  on  the  skill  and  judgment 
of  the  workmen.  Melted  cast  iron  is  weigh- 
ed into  the  converter,  a  steady  blast  is  ap- 
plied to  it  until  the  flame  suddenly  and  un- 
mistakably drops  and  changes  color,  indicat- 
ing the  complete  removal  of  the  carbon,  and 
then  a  quantity  of  recarburizing  material  is 
added  by  weight.  There  is  no  guess  work 
at  any  stage  of  the  process,  and  the  absolute 
determinations  of  the  spectroscope  may,  if 
required,  be  employed  as  to  the  period  of 
decarburiiation.  Bad,  refractory  materials, 
impure  coal,  weak  and  fluctuating  blast,  and 
careless  management  of  the  casting,  contri- 


bute to  produce    defective   at4?el:  hoi 
chief  uncertainty,  in  tUi^  comitrr,  has 
in   the   pig   iron.     The    c-  d 

Pennsylvania  railway,  bcf 
however,  that  this  difficulty  liifc.>  hena  a 
And  the  results  at  the  Cuniberljind  fi 
in  England,  are  remarkable  pri>c»f'^  thil 
form  it y  and  excellence  of  c|uality  mtr  m 
pie  question  of  bloat  furnace 
management,  when  the  coal  and  orm  art 
sonablypure,  Notwithsiandmg  the 
character  of  the  tests  referred  to,  the  tnalj 
and  the  trial  rail-end  irom  each  charge, 
been  considered  desirable  to  e»tabltah  a 
more  certain  and  comprehensive  r 
tests,  and  to  improve  the  manufactnrt 
certaining  the  effects  of  diflferent  p 
treatment  upon  the  ingots.      To  thii 
preparations  have  been  commenced  at 
the  steel  works  in  this  country,  to  dd 
at  whatever  expense  of  time  and  motuij 
be  necessary — 

1st.    What  reasonably  rapid   and 
nient  test  of  steel  rails  and  axles  will 
sent  in  kind  (though,  of  course,  -^  ■'" 
in  degree)  the  test  of  actual 
heavyweight  falling  upon  the  ran  n^  noji 
to  on  various  grounds.     It  does  not 
that  the  rail  will  stand  nnmerouM  blcwt 
companied  by  flexure,  and  it  may  prott 
the  rail  is  too  sofl  to  wear  well. 

2d.  The  exact  effect  of  temperature  ttf^ 
the  strength  of  steel  of  various  grade*. 

3d.  The  effect  of  annealing  upon  tbt 
strength  and  durability  of  steel  rails. 

4th.  The  effect,  as  to  strength  and  tei* 
bility,  of  drawing  down  rails  from  mpfl^  d 
large  size,  as  compared  with  drawing  ^km 
down  from  ingots  of  small  sUe — th«  iOA 
value  of  reduction. 

5th.  The  comparative  effect,  as  to  ttre^ 
and  durability,  of  drawing  the  " 
first  stage,  under  the  hammer  < 
However  valuable  the  effect  ot   i 
may  be  upon  wrought  iron — st|ti^ 
the  cinder  and  perfecting  the  weld  kt  ^^ 
— the  conditions  of  steel  arc  totally  AxSetf^ 
Steel  has  no  cinder,  and  is  already  hnrnagi- 
neous,  requiring  no  welds.     It  is,  tbereftiJ*, 
probable,  that  while  hanunering  mt|;hl  wuki 
the  mass  a  little  more  dense  and  haid,  rD* 
ing  would  produce  the  more  uniform  ntni* 
ture  and  the  more  soft  and  ductile  prode^ 

6th.  The  uniformity  of  ingots  from  iki 
same  charge  of  steel.  It  is  obviouj^  thst  ill 
parts  of  a  ladle  full  of  liquid  si^l,  havi&{ 
been  boiled  together  and  thorotighly  mn<ii 
should  be  alike  mechanically.    Any  chciiue«l 
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renees  would  be  impossible  at  so  high  a 
lemtore — some  5,000  deg.  Fahr.  Some 
triments  were  reeently  made  for  the  Cen- 

K&ilwaj  of  Orleans,  to  test  this  and 
r  fieaftnree  ai  Bessemer  steel.*     The  re- 

■kowed  the  practical  identity,  not  only 
vo  ingots  chosen  at  random  from  the  same 
ge,  but  of  the  various  charges  under  ex- 


cpmovBD  Traction  upon  Steil 
:i.8. — ^It  has  been  too  much  the  practice 
aaiwaj  managers  to  consider  only  the  in- 
■ed  durability  of  steeL  A  less  striking, 
peiiu4»  equally  important  advantage,  is 

it  kas  double  the  strength  and  more 
L  doable  the  stiffness  of  iron.  Some  three 
«  since,  Mr.  George  Berkley  made,  in 
fmndj  above  000  tests  of  the  stiffness  of 
I  and  iron  rails  of  equal  section.  The 
I  were  supported  on  5  ft.  bearings,  and 
led  with  dead  pressure  at  the  middle. 

fint  rails  tried  weighed  68  lb.  per  yard, 
lottda  respectively  of  20  tons  and  80  tons 
s  applied.  The  average  of  427  tests  of 
Ebbw  Yale  Go.'s  and  two  other  standard 
;en  of  iron  rails,  gave,  with  20  tons,  a 
Botton  of  f  in.  and  a  permanent  set  of  J 

With  dO  tons  the  deflection  was  2^  in. 

the  permanent  set  2iV  in-   With  Brown's 

1  nils,  46  tests  gave  an  average  deflec- 

of  but  iV  in-  And  a  permanent  set  of  ^ 

With  heavier  rails  and  loads,  the  com- 
ktive  stiffness  of  steel  was  still  more 
ked.  The  great  and  constant  resbtance 
taction,  and  the  wear  and  tear  of  track, 
ela  and  running  gear,  due  to  the  deflec- 

of  rails  between  the  sleepers,  and  the 
letnal  series  of  resulting  concussions  may 
nocli  reduced,  or  practically  avoided,  by 
hm  of  rails  of  twice  the  ordinary  stiff- 
i;  in  such  a  case,  however,  reasonably 
1  ballasting  and  sleepers  would  be  essen- 
When  a  whole  series  of  sleepers  sinks 
ily  into  the  mud,  the  consideration  of  de- 
tkn  between  the  sleepers  is  a  premature 
lement.  If  the  weight  of  steel  rails  is 
reaaed  in  proportion  to  their  strength, 
m  advantages  of  cheaper  traction  and 
ntenance  will  not,  of  course,  be  realized. 
I  best  practice,  here  and  abroad,  is  to  use 
tame  weight  for  steel  as  had  been  for- 
ty employed  for  iron. 
TSSL-HiADBD  RAILS. — Many  attempts 
B  been  made  in  England,  on  the  Conti« 
^  and  in  this  country,  to  produce  a  good 


steel-headed  rail,  and  not  without  success. 
Puddled  steel  heads  have  all  the  structural 
defects  of  wrought  iron,  as  they  are  not 
formed  from  a  cast,  and  hence  homogeneous 
mass,  but  are  made  by  the  wrought  iron 
process,  and  are,  in  fact,  a  '*high''  steely 
wrought  iron.  They  are,  however,  a  great 
improvement  upon  ordinary  iron,  although 
probably  little  cheaper  than  cast  steel  heads. 
Rolling  a  plain  cast  steel  slab  upon  an  iron 
pile  has  not  proved  successful.  The  weld 
cannot  be  perfected,  on  so  large  a  scale,  and 
the  steel  peels  off  under  the  action  of  car 
wheels.  Forming  the  steel  slab  with  grooves, 
into  which  the  iron  would  dovetail  wnen  the 
pile  was  rolled  into  a  rail,  has  been  quite 
successful.  The  greater  part  of  some  500 
tons  of  such  rails,  made  in  this  country,  and 
put  down  where  they  would  be  severely  test- 
ed, about  4  years  ago,  have  outworn  some  8 
iron  rails.  Others  failed  in  the  iron  stem, 
which  was  too  light,  after  a  shorter  service. 
Rolling  small  bars  of  steel  into  the  head  of 
an  iron  pile  has  been  recently  commenced  at 
various  mills  in  this  country  and  in  England. 
No  conclusions  are  yet  warranted  by  the 
short  trial  of  these  rails. 

There  is  a  growing  feeling  among  engin- 
eers and  steel-makers,  that  the  compound 
rail,  made  wholly  or  partly  of  steel,  will 
prove  more  safe  and  economical  than  any 
solid  rail,  and  that  the  defects  of  the  old 
compound  iron  rail,  largely  used  in  this 
State  some  years  since,  may  be  avoided, 
since  these  defects  were  chiefly  due  to  the 
nature  of  the  material.  The  experiments  in 
this  direction  will  be  watched  with  ereat  in- 
terest by  railway  managers,  for  if  the  same 
durability  of  track  can  be  obtained  with  a 
steel  cap  as  with  an  all  steel  rail,  the  first 
cost  will  be  greatly  decreased.  A  rail  made 
in  two  or  three  continuous  parts,  breaking 
joints,  is  also  a  practical  insurance  against 
disaster  from  broken  rails. 


Bm  Tm  Koftrand*!  Ma^aiiDe,  Vol.  I,  pagt  104, 
aft  of  UiMe  axp«rimf  nti. 


THE  SIEMENS-MARTm  PROCESS. 

We  print  below  the  particulars  of  a  charge 
of  Siemens-Martin  steel,  produced  at  the 
works  of  Messrs.  Cooper,  Hewitt  &  Co.,  at 
Trenton,  under  the  superintendence  of  Mr. 
F.  J.  Slade,  who  introduced  the  process  in 
this  country.  We  are  informed  that  the 
time  of  the  process  is  often  shorter,  and  the 
yield  greater,  but  that  this  is  a  fair  sample. 
Certainly  not  an  unduly  favorable  one. 

We  have  experimented  with  a  bar  of  steel 
made  by  this  process,  exactly  as  represented 
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in  the  following  table,  and  have  found  it  to 
be  very  soft  and  tough,  and  capable  of  sus- 
taining a  very  high  heat : 

£  o  «  o 
a  o  g  5 


•tjooM 


-jaqmnp  l>n»A\ 


•d«J3g  \99\Q 


'2]il  ainiii^praJj 


-jaquino  iwaV 


•Sin 
•Sivqa  JO  auiix 


o  s  5  o  5 

^  o  te«(a 


88  :S  :  : 


:SSiSSS 


•s. 


§ 


Db. 

To  Pig  Iron 1,600 

Steel  .Scrap 1,507 

Puddled  Iron 2,400 

, 495 

0,002 


Ingots . 


Cb, 
By  Product : 

By  Ingots (cast  in  groups) 

Scrap 

Waste,  8.0  per  cent 


5,124 
339 


6,U02 


Coal  for  Producers,  from  7  A.  M.,  April  Slst,  to  7  A.  M., 
April  22d,  soft,  6,804 :  duration  of  Charge,  11  h.  57  m. 


METHOD  OF  ElECTRO-PLATINQ  CasT 
Iron,  by  Prop.  Dr.  BOttger. — One 
ounce  of  nitrate  of  silver  is  dissolved  in  16 
ounces  of  distilled  water  when  boiling,  and 
two  ounces  of  cyanide  of  potassium  are 
added.  When  these  substances  are  com- 
pletely dissolved,  the  fluid  is  mixed  with  a 
solution  of  one  ounce  of  chloride  of  sodium 
in  48  ounces  of  water.  The  cast  iron  ob- 
ject to  be  plated  must  be  free  from  oxide, 
and  has  to  be  cleansed  by  dipping  it  a  few 
minutes  into  nitric  acid  of  a  specific  gravity 
of  1.2,  immediately  before  being  plated. 
The  plating  is  done  in  the  above  described 
solution,  with  the  assistance  of  two  or  three 

?klvanio  elements  of  moderate  strength. — 
olyt.  Notizblatt. 


OUR  TECHNICAL  SCH001& 
their    development    bather   thai 
their  increase. 


New  England,  which,  though 
of  six  states,  is,  in  many  important 
a  unit,  has  her  Chandler  tiidentifU  &M 
connected  with  Dartmouth  College,  N.  &, 
and  recently  presented  with  forty  tboBHii 
dollars,  expressly  to  develop  its  eoaiMa 
civil  engineering  ;  her  Massackusetls  hut^ 
tute  of  Technology  at  Boston,  with  an  cidsv- 
ment— expended  and  appropriated-^ppnsflh 
ing,  if  not  amounting  to  a  million  of  ddlm; 
her  Worcester  School  of  Industrial  Sekm, 
with  a  total  endowment  approaching  tkm 
hundred  thousand  dollars,  and  a  well  equip* 
ped  machine  shop,  analogous,  for  the  itidj 
of  mechanical  engineering,  to  a  laboratoiT 
for  the  study  of  chemistiy;  her  AgriaoF 
tural  College  at  Amherst,  with  an  endowseil 
of  a  third  of  a  million  dollars,  and  beg* 
ging  the  State  of  Massachusetts  for  OM 
hundred  and  fifty  thousand  more;  kr 
Sheffield  Scientific  School  at  New  Hivci, 
with  an  endowment  recently  stated  at  'Hwly 
three  hundred  and  twenty-seven  tbousud 
dollars,"  and  her  Lawrence  Scientific  Sekad 
at  Cambridge,   Mass.,   also  well  endcved. 

New  York  is  probably  not  very  far  tnm 
equal  to  all  New  England,  in  extent,  popdip 
tion  and  wealth,  and  she,  accordingly,  prav 
ents  her  quota  so  to  speak  of  five  scboob  of 
science.  There  are  the  Refisselaer  Polf 
technic  Institute  at  Troy  ;  the  Ejigineemg 
DepartiTient  at  Union  College^  Schenectady, 
the  Cooper  Institute^  and  the  ixhoA  ^ 
Mines  of  Columbia  College,  both  in  Nev 
York  City ;  and  the  Scieni^c  Dqurtmentt  af 
the  Cornell  University  at  Ithaca.  This  con- 
parison  by  no  means,  implies  that  New  Yori[ 
is  doing  little  or  nothing  for  pmfesskmd 
Scientific  instruction.  It  does,  however,  it 
this  point,  suggest  the  vital  questies: 
How  can  these  worthy,  and,  some  of  then, 
long  established  beginnings^  best  be  cob* 
pleted  ? 

Within  the  brief  limits  of  an  article,  tkit 
question  can  best  be  answered  by  a  few  pre 
liminary  general  explanations,  followed  bj 
a  brief  discussion  of  some  one  representa- 
tive example. 

''Scientific  Schools,'*  then,  are,  first,  either 
simple  or  compound.  By  a  simple  school  is 
meant  one  which  gives  but  one  professional 
course  and  degree.  Medical  schools,  and 
schoob  of  mining,  only,  are  examples  to  tk« 
point.     By  a  compound   sohool,  is  meant 
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M,  which  gives  severml  parallel  courses  of 
Bdjy  and  eorresponding  degrees.  Such 
e  nearly,  or  quite  all  scientific  schools  in 
e  United  States. 

Again :  from  another  point  of  view,  the 
gineering,  and  other  scientific  schools  of 
IS  country,  are  either  independent,  or 
■ponent  schools.  The  former  are  sepa- 
te  organisations.  The  latter  are  compon- 
t  paita  of  larger  organizations.  Thud, 
s  Institute  of  IhJin^gy  in  Boston,  and 
e  Pdyttchnic  Institute  in  Troy,  are  in- 
pendent  schools.  The  Sheffield  School  at 
BW  Haven,  and  the  Engineering  Depart- 
mi  at  Union  College,  are  components  of 
ale  College  and  of  Union  College. 

Farther:  There  is  a  marked  difference 
stween  the  technijal  schools,  in  respect 
r  the  reqnbite  age  for  admission  to  them, 
loaidered  as  indicative  of  the  relative  ele- 
itson  of  their  courses  of  study.  Thus, 
>js  of  fourteen,  are  admitted  to  the 
handler  Scientific  School  of  Dartmouth 
oUege,  while  at  Troy,  the  required  age  is 
Mninally  sixteen,  and  virtually  over  eigh- 
len,  as  shown  by  the  records  for  several 
leent  years ;  and,  as  the  two  institutions  are 
It  known  to  come  into  any  disadvantageous 
mpetition  with  each  other,  it  may  be  said, 
Bt  ungraciously,  that  a  comparison  of  their 
ihlished  programmes  will  show  a  corres- 
mdtng  difference  in  the  scope  and  range  of 
le  studies  pursued. 

Schools,  again,  differ  greatly  in  relative 
ealth,  as  seen  in  the  opening  statements  of 
lis  article,  though,  if  we  include  moral  ele- 
lents,  those  institutions  which  are  poorest 
I  material  things,  may,  like  many  indivi- 
aals  similarly  conditioned,  be  the  wealthiest 
I  elements  of  power  to  shape  and  enrich 
nd  strengthen  the  minds  which  yield  to 
beir  formative  influence.  There  is,  perhaps, 
lO  proposition  concerning  life,  which  does 
lOt  need  to  be  received  with  thoughtful  dis- 
rimination ;  and  it  is  certainly  ^ue  that 
;reat  invested  resources,  sumptuous  edifices, 
•od  ample  equipments,  do  not,  of  themselves, 
leeessarily  make  a  superior  institution,  while 
key  may  even  have  no  better  effect  than 
he  contemplation  of  Babylon  had  upon 
l^ebuchadnezsar.  Nor  is  this  remark  a 
salons  sneer  at  the  wealthier  institutions. 
Back  one  of  them  is  welcome  to  all  it  asks 
^.  The  success,  throughout  the  land,  of 
ike  course  of  professional  education  in 
leienee,  in  which  all  the  technical  schools 
ire  alike  engaged,  is  better  than  the  success 
it  any  one  school.     It  is  only  declared  that 


the  material  resources  of  each  institution, 
whether  greater  or  less,  are  truly  valuable 
or  not,  to  it,  and,  through  it,  to  the  public, 
according  to  the  purposes  for  which  and  the 
spirit  and  energy  with  which  they  are  wield- 
ed. 

Lastly :  if  only  for  the  sake  of  doing 
honor  to  one  of  the  ornaments  of  New  York 
State,  and,  indeed  of  the  Nation,  it  must  be 
noted  that  scientific  schools,  like  others, 
differ,  as  existing  either  on  the  principle  of 
reciprocity,  by  which  the  student  pays  a  sum 
partly,  at  least,  representative  of  what  the 
training  received  is  worth  to  him  ;  or  on 
that  of  benevolence^  by  which  the  pure, 
earnest,  and  capable  youth,  who  is  appoint- 
ed to  do  battle  with  poverty,  is  helped,  by 
his  stronger  brother,  to  those  things  which 
are  beyond  the  compass  of  his  purse,  but 
not  beyond  that  of  his  mind. 

The  Rensselaer  Institute  heads  the  list  of 
the  former  class  of  schools,  by  the  hieh 
tuition  which  its  uncompromising  thorough- 
ness enables  it,  and  its  lack  of  any  invested 
endowment  compels  it  to  demand.  The 
Cooper  Institute  of  New  York  nobly  re- 
presents, in  the  scientific  field,  the  agencies 
which  exist  to  give,  to  the  struggling,  a  fair 
footing  in  life. 

These  radical  grounds  of  distinction  among 
schools,  have  so  multiplied  at  our  pen  point, 
while  it  has  traced  them,  that  there  is  little 
space  left  in  which  to  discuss  actual  examples, 
in  the  light  of  these  distinctions. 

We  take  the  Institute  at  Troy  as  the  best 
representative  example,  because,  it  is  not 
only  the  oldest  and  best  known  in  the  coun- 
try, but  is  also  the  ripest  for  a  new  reor- 
ganization. Founded  as  early  as  1824,  it 
has  had  upwards  of  four  hundred  graduates, 
nearly  three  hundred  of  whom  are  living,  and 
many  of  whom  have  become,  or  are  becoming 
distinguished.  It  has  now  in  operation, 
though  not  on  a  large  scale,  three  of  its  four 
proposed  four  years*  courses ;  viz.,  that  in 
civil  engineering,  for  which  it  has  long  been 
especially  celebrated  ;  that  in  mining,  recent- 
ly established  ;  and  that  in  natural  science. 
It  only  needs  a  comparatively  moderate 
increase  of  men  and  means  to  enable  it  to 
meet  the  growing  demand  for  its  published 
course  in  mechanical  engineering  ;  since  its 
admirable  location,  in  a  centre  of  varied 
manufacturing  industry,  furnishes  it  with 
actual  machines  at  work,  in  place  of  costly 
cabinets  of  models,  useful  as  these  must 
everywhere  be,  to  a  certain  extent.  In  its 
civil  engineering  course,  also,  it  illustrates 
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the  superiority  of  practical  examples  over 
models,  when  the  former  can  be  had,  A 
Bcore  or  more  of  widely  different  wood  and 
iron  roof  and  bridge  structures  are  right  at 
hand,  and  on  such  a  scale  as  to  inyite  interest- 
ed scientific  inYestigation,  or  practice  in 
drafting ;  while  a  noble  river,  with  numerous 
islands  ;  and  a  sharply  defined  bordering 
hill  region,  broken  by  many  ravines,  afford 
Euch  practice  in  both  topographical  and 
hydrographical  engineering  field  operations, 
as  cannot  so  well  be  had  in  door  yard  ex- 
ercises, or  on  prairie  levels;  In  mention- 
ing the  ripeness  of  the  Institute  for  a  new 
re-organization,  allusion  is  made  to  the  fact 
that  it  was  mainly  a  school  of  National 
Science — ^Geology,  Botany,  etc., — until 
1849,  when  it  was  re-organiaed  as  more  dis- 
tinctively an  engineering  school,  with  a 
course  of  two  years  ;  which,  by  a  process  of 
natural  growth,  quickly  expanded  to  one  of 
three,  and^  soon  after,  to  one  of  four  years. 
Also  to  the  fact  that,  to-day,  it  is  doubtless 
the  ripest  existing  school  of  its  kind  in 
America  for  a  re-organ izatjon  with  a  five 
years'  course,  in  two  main  divisions  j  first, 
an  elevated  preparatory  course  in  general 
science  and  modern  languages,  of  three 
years,  to  be  followed  by  high  and  strictly  pro- 
fessional courses  of  two  years  each,  for  the 
degrees  already  contemplated,  and,  in  ad- 
dition, a  course  in  Architeciure  and  Build- 
ingf  both  ciml  and  tmvaL  Such  a  two  fold 
five  years'  course,  would  doubtless  ultimately 
expand  to  one  of  seven  years :  All  of  which 
taken  in  connection  with  the  preceding  prin- 
ciples, only  leads  directly  to  the  conclusion, 
which  it  is  the  main  object  of  this  article  to 
establish,  viz.,  that  with  the  existing  number 
of  M7i/?«w/(€<i  scientific  schools  in  the  country, 
of  which  the  Troy  School,  with  all  its  cha- 
racteristic advantages  and  disadvantages,  is 
but  one,  it  would  be  far  better  to  develop 
to  organic  completeness  these  existing  in- 
stitution b  than  to  further  multiply  costly 
experimental  begin nings. 


TH£  Wrought  Iron  Manufactitbk. — 
We  learn  that  anthracite  coal  alack,  and 
even  sand  and  ashes,  have  been  substituted 
for  ore,  in  the  Ellershausen  process,  with 
good  resulte.  The  decarburization  was,  of 
course  effected  by  the  fettling  ore ;  the  coal 
both  separated  the  particles  and  increased 
the  heatf  thus  facilitating  the  chemical  re- 
action ;  the  ashes  and  sand  probably  merely 
loosened  and  divided  the  mass  for  the  better 
action  of  the  fettling. 


THE  PROJECTED  MERSEY  TUMEL 1 
LIVERPOOL  TO  BlRKENHEAli 

PABTICITLABS  OF  COST— CHICAGO  \ 
AND    OTBER    WOKKS« 
Bj  Sir  Caaelbi  Fox^ 
From  Ih*  *'  Qoftrivrlj  Joaf&*i  of  Beumm^'*  \ 


As  a  means  of  inter-communication  W 
twecn  Liverpool  and  Birkenhead,  s  Uiooel 
beneath  the  Mersey  has  been  under  6(A? 
sidcration  by  leading  men  on  both  sidei  d 
the  river  for  upwards  of  thiriy^ieht  ytiifi 
and  when  the  inconvenience  and  loit  bctk 
of  time  and  money  which  the  want  of 
means  of  transit  has  ever  occasi 
considered,  it  is,  in  these  days  of  ini 
facilities,  a  matter  of  Burprise  that,  whili 
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of  Teal  difficulty  have  been  carried 
npletion  on  every  side,  this  obvious 
ihonld  not  have  been  satisfied, 
ire  is  but  one  opinion  as  to  the  im« 
loe  of  inter-communication  between 
>ool  and  Birkenhead,  and  it  being  ad- 
i  that  the  great  obstacle  in  the  way  of 
klisation  is  the  doubt  existing  in  the 
mind  as  to  the  cost  at  which  it  can 
ained,  it  has  been  felt  that  this  doubt 
iver  be  overcome  unless  the  nature  of 
rev  bed  is  conclusively  proved. 
en  this  has  been  done,  I  am  sure  that 
mstruotion  of  a  tunnel  through  the 
mdatone  rock  under  the  Mersey  will 
lid  an  easy  and  inexpensive  operation, 
Iging  from  the  manv  similar  works 
have  been  executed  in  this  rock  dur- 
16  last  forty  years,  rthose  most  anal- 
having  been  tunnels  of  various  di- 
MM,  earried  on  at  considerable  depth 
the  level  of  the  bottom  of  the  river, 
a  yiew  of  obtaining  a  more  copious 
f  of  water  for  the  town  of  Liverpool,) 
been  ascertained  that  in  no  material 
neh  works  be  effected  at  so  small  a 
IS  through  the  very  strata  now  well 
I  to  exist  in  this  locality,  the  amor- 
nature  of  the  rock  rendering  it  pecu- 
adTantageous  for  tunneling  operations. 
mels  have  been  made  at  a  low  price 
(h  chalk,  as  that  material  is  readily 
ftted ;  but  from  its  general  looseness 
to  consequent  tendency  to  fall,  it  is 
m1  necessary,  for  the  purpose  of  ensur- 
fety,  to  put  in  brick  or  stone  lining, 
his,  as  compared  with  red  sandstone, 
generally  requires  no  such  lining, 
lerably  augments  the  cost;  and  it 
not  be  forgotten  that  the  sandstone, 
excavated  from  a  tunnel  in  or  near  a 
is  saleable  for  use  as  building  mate- 
rkile  chalk  taken  from  a  tunnel,  being 
Talue,  is  more  generally  run  to  spoil. 
(Toold  appear  that  one  of  the  most  for- 
do hindrances  in  the  way  of  getting 
liata  to  embark  their  money  in  making 
b  under  rivers,  of  which  very  many 
rgently  needed,  arises  from  the  dispo- 
wbich  undoubtedly  exists  to  form  an 
*  comparison  between  such  works  and 
liames  Tunnel,  which,  as  every  one 
mot  with  the  circumstances  connect- 
fch  it  will  know,  cost  a  very  large  sum, 
igh  passing  under  a  river  of  no  con- 
£le  breadth.  This,  however,  is  no 
triterioD  upon  which  to  judge  of  any 
This  tunnel  was  constructed 


some  forty  years  since,  when  the  science  of 
tunnel  making  was  but  little  understood, 
and  when  it  had  to  be  applied  upon  a  very 
limited  scale,  without  the  advantages  aris- 
ing from  many  later  improvements,  and 
without  the  extensive  experience  derived 
during  the  last  forty  years  from  works  of 
this  nature,  required  in  the  development  of 
the  railway  system  all  over  the  world. 

This  makes  a  comparison  deceptive,  to 
say  nothing  of  the  Thames  Tunnel  having 
to  be  constructed  under  all  the  difficulties  of 
passing,  not  through  London  clay,  which  it 
would  nave  done  had  it  been  placed  a  few 
feet  deeper,  but  through  the  treacherous  and 
loose  silt  and  gravel  of  the  bed  of  the  river 
Thames,  while  the  tunnel  which  forms  the 
subject  of  this  paper  will  pass  through  solid 
rock. 

To  attempt  to  draw  a  comparison  between 
this  project  and  the  Thames  Tunnel  is  but 
to  show  an  entire  want  of  acquaintance  with 
the  relative  circumstances  of  the  two  cases, 
for  it  must  be  borne  in  mind  that  the  Act 
authorizing  the  construction  of  the  latter  re- 
ceived the  Royal  Assent  on  June  24,  1824, 
more  than  forty-four  years  since,  and  that 
the  tunnel  was  not  opened  for  passenger 
traffic  till  March  25,  1843,  having  occupied 
a  period  of  eighteen  years  and  three-quart- 
ers in  arriving  at  completion. 

Were  this  work  now  taken  in  hand  by  an 
engineer  possessing  the  experience  obtained 
in  constructing  tunnels  since  the  period 
above  referred  to,  taking  care  to  place  his 
work  deep  enough  to  let  it  pierce  only  the 
London  clay  (to  have  done  which  the  pre- 
sent tunnel  ought  to  be  fifteen  feet  deeper 
than  it  is),  no  doubt  the  entire  work  could 
be  completed  for  little  more  than  a  tithe  of 
the  cost  (which  was  £454,700),  and  need  not 
certainly  occupy  a  longer  period  than  two 
years,  as  is  proved  by  the  following  facts : 

The  excavation  for  the  Thames  Tunnel 
commenced  in  December,  1825,  and  all  went 
on  satisfactorily  until  May,  1827,  when  the 
upper  portion  of  the  works  protruding  above 
the  London  clay  into  the  gravel  and  silt  of 
the  bed  of  the  river,  the  first  irruption  of 
water  took  place,  there  being  then  a  length 
of  545  ft.  of  the  tunnel  constructed,  which 
had  been  done  in  a  period  of  seventeen 
months ;  so  that,  had  no  casualty  occurred, 
and  assuming  that  the  rate  of  progress  was 
not,  as  it  no  doubt  would  have  been,  aug- 
mented by  the  natural  increase  which  al- 
ways follows  a  better  knowledge  of  any 
work,  the  whole  1,200  ft.  would  have  been 
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completed  within  three  years  and  two 
liiontha ;  and  tbia,  be  it  rcroembcred,  would 
have  been  the  result  If  made  wholly  from 
one  end  ;  whereas,  with  the  present  increas- 
ed facilities  and  knowledge  of  the  operation, 
it  would  have  been  carried  on  from  both 
sides  aimultaneously,  when,  even  at  the  then 
Blow  rate  of  progress,  the  time  would  be  re- 
duced to  one  year  and  seven  months;  so 
that  there  can  be  no  doubt  that,  with  pre- 
sent appUances,  the  work  of  the  tunnel 
could,  with  perfect  ease,  be  completed  in 
one  year  and  a  quarter ;  and  taking  for  the 
shafts  and  otber  matters,  say,  half  a  year 
more,  the  whole  could  with  convenience  be 
accomplished  in  one  year  and  three-quarters. 

In  order  to  clear  up  every  doubt,  I  pro- 
pose, at  an  estimated  cost  of  £20,000,  to 
drive  a  heading  under  the  Mersey  from 
shore  to  shore,  a  distance  of  l,tiUO  yards, 
and  thus  not  only  to  prove  the  practicable 
nature  of  the  larger  and  more  complete  un- 
dertaking, but  also  the  future  cost,  while  at 
the  Bame  time  providing  the  necessary  drain- 
age and  ventilation  for  the  permanent  work?*. 

The  first  operation  will  be  to  sink  a  shaft 
on  either  side  of  the  river,  on  land  belong- 
ing to  the  Mersey  Docks  Board,  to  a  depth 
of  about  120  ft.  below  the  surface  (see  plate, 
lower  figure).  The  shaft  on  the  Liverpool 
side  will,  for  a  depth  of  say  40  ft.»  pass 
through  made  ground,  and  will  then  enter, 
and  for  the  remainder  of  its  length  be  en- 
tirely through,  the  solid  rock.  That  on  the 
Birkenhead  side  will  be  in  solid  rock 
throughout.  These  shafts  will  be  about  ten 
feet  in  diameter,  and  will  terminate  in  large 
Bumps  for  pumping  purposes.  At  each  end 
will  be  erected  permanent  pumping  engines 
and  pumps  of  sulBcient  power  to  deal  with 
the  largest  quantit}^  of  water  that  is  likely 
to  be  mot  with^  and  which  pumps  will  not 
only  be  used  during  the  construction  of  the 
works,  but  be  adapted  for  keeping  the  main 
tunnels  permanently  free  from  water. 
Winding  engines  will  also  be  erected  of  suf- 
ficient power,  not  only  to  deal  with  the  ma- 
terial excavated  from  the  heading,  but  also 
with  that  from  the  tunnel  itself. 

The  shafts  having  been  sunk  to  the  full 
depth,  and  the  machinery  fixed,  the  heading 
will  be  commenced  from  either  end,  and 
driven  much  in  the  same  way  as  an  ordinary 
mining  water  level*  It  will  have  a  very 
filight  rise  towards  the  middle  of  the  river,  so 
as  to  drain  both  ways  into  the  shafts.  Judg- 
ing from  experience,  I  expect  that  at  least 
foux  yards  lineal  a  day  will  be  driven  at 


either   end,  giving  a  total  of  1 
days,  or  thereabouts,  for  the  < 
the   heading  after  the  shafts   ^i- 
have  taken  much  pains  to  cull     > 
as  to  the  nature  of  the  rock  t1 
the  heading  will  pass,  and  bav  < 
one  conversant  with  the  subje 
upon  the  point.     The  general  i 
imjuiries  and  observations  cannot  int 
forcibly   explained    than    by   the    fbUi 
summary  of  evidence  given  before  this 
ferees  of  the  House  of  Commonis  in  1 

The  late  Mr.  Thorn aa  Duncan,  tbew 
gineer  to  the  Liverpool  Watcrwork-  •« 
that  he  knew  well  the  nature  of  t 
which   is  not   very   porous.      He   m^ 
think  the  quantity  of  water  produced  fr«a 
the  rock  at  Birkenhead  and  Li\ 
make   the   tunnel  a  diflicult   > 
struction,    and   he    did    not    !>• 
would    be    any    difficulty    in 
through,  HO  far  as  water  is  eoti' 
considered   that    the  *' faults** 
the  sandstone  rock,  and  showti 
logical  map,  were  advantageo  i 
cut  through  many  of  them  (hu 
ed   in   the   red  sandstone  at  \.:.. 
over  sixty  square  miles)»  and  had  i 
ways  found  them  filled  up  with  a  .-\ 
concrete,  which  was  perfectly  wut 
In  a  few  instances,  however,  he  hia  ti'u«a 
them  tilled  with  laminated  rock,  bmfi»| 
saccharine  appearance,  and  evidently  h«r" 
been   subjected    to  a  great   heat,  and 
water-tight. 

Mr.  James  Abemethy,  C.  E,,  simt^  tilt, 
having  been  engineer  to  the  Bir 
Docks,  he  had  large  experience  of  « 
stone  rock,  of  the  same  character  ai  (m 
rock  excavated  from  the  Birk«nhead  Doeb, 
whioh  is  a  close,  compact,  strong  sto&»ti">>^ 
able  for  building  purposes, 

Mr.  John  Fowler,  C.  E.,  ftUt«d  that  fl 
framing  his  estimates  he  had  well  con««l«^ 
ed  the  question  of  possible  faults  in  til 
rock,  and,  on  the  whole,  preferred  to  bw 
faulta  of  the  character  known  to  exii*t  iatk 
red  sandstone  at  Liverpool  and  Birkenhcaili 
as  they,  being  impervious  to  water,  haA  «? 
and  limit  in  area  the  water  eo,  'h» 

interstices  of  the  rock.    The  f «  '^*i 

either  with  clay  or  with  iome  vitr^ou*  oi* 
terial,  Mr.  Fowler  further  staled  thai  k^ 
considered  red  sandstone  at  all  timei  tk 
best  material  to  oonstruot  tunnels  thrmi|^ 

Besides  the  above  testimony,  there  i*  i^f 
further  fact  that  Mr.  John  Httwk.fhaw,C.K'i 
F.  R.  S.,  proposes  to  construct  a  tunnel  aft- 
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'  the  Menej,  near  its  month,  where  the 
er  18  Tery  wide  and  the  character  of  the 
k  leas  certain ;  and  it  ia  therefore  evident 
i  engineers  of  eminence  are  agreed  in 
isidering  the  work  of  making  a  tunnel 
roaghlj  praeticahle,  and  that  at  a  mode- 

B  cost. 

km  maeh  douht  has  been  expressed  as  to 
possibility  of  driving  the  heading  for 
r  soeh  sum  as  £20,000,  I  would  remark 
t  the  Tmstees  have  before  them  a  tender 
■  s  responsible  contractor,  who  is  pre- 
■ed  to  undertake  to  complete  the  work 
isideimbly  within  that  amount,  finding  all 
lessary  plant  and  machinery,  and  giving 
iroved  security  to  the  extent  of  £o,000. 
A^in,  the  chief  item  in  the  cost  of  this 
rk  is  that  of  excavation,  and  the  engi- 
m  already  mentioned,  and  who  gave  evi- 
lee  before  the  Referees,  were  agreed  in 
isidering  Os.  a  cubic  yard  an  ample  price 
this  work  in  the  tunnel,  including  all 
■ible  contingencies,  being,  in  fact,  three 
les  the  cost  of  similar  work  under  ordi- 
ry  circumstances.  I  have,  however,  taken 
I.  per  cubic  yard  for  the  excavation  in  the 
iduig,  which  I  believe  to  be  far  more  than 

NUI  cost. 

rhst  s  tunnel,  or,  as  it  is  called,  a  sub- 
j,  csn,  in  the  estimation  of  those  compe- 
it  to  form  an  opinion,  be  carried  under 
»  river  Thames  at  a  very  small  cost  is,  I 
ok,  proved  by  the  fact  that  Parliament, 
t  session,  passed  an  Act  for  the  '*  Lower 
bway  "  proposed  by  Mr.  P.  W.  Barlow, 

B.  8.,  C.  £.,  son  of  the  highly  talented 
ofeasor  of  Mechanics  of  that  name,  the 
>itsl  for  which  is  but  £12,000,  with  power 
borrow  £4,000. 

This  work  is  now  in  course  of  construe- 
in,  and  is  to  consist  of  an  excavation 
rough  the  London  clay  440  yds.  in  length, 
icd  with  cast  iron  cylinders  ^"  thick,  with 
vngthened  flanges,  whose  external  diame- 
r  will  be  7.1}",  or  7  ft.  inside.  At  each 
d  there  will  be  a  vertical  shaft  between 

and  60  ft.  deep,  fitted  with  lifts  for  the 
rpose  of  raising  or  lowering  passengers 
m  and  to  a  saloon  carriage,  which  will  at 
rj  frequent  intervals  pass  through  the 
ading  for  the  conveyance  of  passengers. 
From  each  end  the  subway  will  fall  to- 
irds  the  center  of  the  river  at  an  inclina- 
Ni  of  about  1  in  40,  to  a  level  under  the 
rer,  where  the  rails  will  be  at  a  depth  of 
..6  below  Trinity  high  water  mark. 
With  regard  to  the  above,  it  may  no 
labt  he  said  that  it  is  as  yet  only  a  matter 


of  estimate ;  and  though  given  by  an  engi- 
neer of  standing,  and  approved  by  Parlia- 
mentary committees — one  of  whose  special 
duties  it  is  to  investigate  the  estimates,  for 
the  purpose  of  testifying  to  their  sufficiency 
— ^yet  the  estimates  might  prove  fallacious. 
I  now,  therefore,  proceed  to  give  the  cost  of 
an  important  work  at  Chicafro,  completed 
some  time  since,  and  in  many  respects  anal- 
ogous to  the  one  of  which  I  am  treating,  but 
beset  with  some  difficulty  not  to  be  encoun- 
tered in  passing  under  the  Mersey,  arising 
in  great  measure  from  the  more  uncertain 
material  through  which  the  heading  had  to 
be  driven ;  that  at  Chicago  being  clay,  and 
that  at  Liverpool  red  sandstone — the  one 
being  driven  for  two  miles,  or  8,520  yards, 
under  Lake  Michigan,  the  other  only  1,800 
yards  under  the  river  Mersey. 

The  Chicago  tunnel  was  made  by  Mr. 
Cheeseborough,  C.  E.,  engineer  to  the  mu- 
nicipality of  Chicago,  for  the  purpose  of 
obtaining  a  more  ample  supply  of  pure 
water  for  the  inhabitants  of  that  important 
city,  from  a  point  beyond  the  reach  of  sew- 
age contamination ;  hence  its  great  length. 

This  work,  embracing  as  it  does  two  miles 
of  heading,  carried  through  dlay,  lined  with 
two  rings  of  brick-work,  including  a  sum  of 
$120,000  expended  on  the  two  shafts  and 
the  appliances  connected  therewith,  cost 
«880,000,  or  £76,000. 

The  above  amount  spread  over  the  8,520 
lineal  yards  of  heading,  gives  £21  lis.  as 
the  cost  of  each  lineal  yard,  and  deducting 
therefrom  £7,  the  value  of  the  additions^! 
excavation,  centering  and  brick  lining  (not 
found  necessary  in  tunnels  in  the  red  sand- 
stone), it  will  bring  the  price  per  lineal  yard 
to  £14  lis,,  without  taking  into  account  the 
more  than  double  value  of  labor  at  Chicago, 
which  has  unfortunately  greatly  augmented 
the  outlay  upon  this  work. 

Now,  £20,000  expended  upon  1,800  lineal 
yards  of  heading  under  the  Mersey,  gives 
the  price  for  each  £15  5s.,  so  that,  in  draw- 
ing a  comparison  between  the  two  works,  a 
greater  sum  has  been  taken  in  the  estimate 
for  the  one  than  has  been  actually  expended 
on  the  other,  and  this  is  assuming  the  price 
of  labor  to  be  the  same  in  both  instances, 
which,  however,  is  by  no  means  the  case, 
that  at  Chicago  being  very  high. 

I  may  here  allude  to  a  very  interesting 
and  instructive  work,  also  very  analogous  to 
that  proposed  under  the  Mersey,  which  has 
been  carried  to  a  satisfactory  conclusion  at 
Attock,  on  the  Khyrabad  Pass,  in  India. 
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It  coDstsis  of  a  heliding  600  jarda  long,  0  ft, 
sq.,  driven  under  the  river  Indas,  through 
a  rock  wbieh  forma  its  bed,  at  zk  depth  of 
somewhat  over  90  ft.  below  the  eurfaoe  of 
the  flood  water* 

It  ha,^  been  carried  on  by  a  few  laborers, 
under  the  charge  of  Mr,  Robinson,  who 
haTe  succeeded  in  filling  up  the  fissures  they 
met  with  during  the  operation  by  simple 
**  feather^*  wedging  of  wood,  and  nave,  by 
thia  expedient,  been  able  to  keep  back  all 
the  water  which  otherwise  would  have  flow- 
ed into  the  heading  with  a  force  due  to  the 
whole  superincumbent  column. 

The  coat  of  this  work  has  been  about 
£13,000,  and  spreading  the  whole  outlay 
over  the  600  yards*  brings  out  the  cost  to 
about  £"21  I4s.  per  yard,  which  goes  to 
prove  that  bad  the  labor  expended  upon  it 
been  paid  for  only  at  English  prices,  it 
would  have  been  executed  at  a  congiderably 
smaller  cost  than  that  arrived  at  by  esti- 
mate for  making  the  heading  under  the 
Mersey. 

I  have  lately  constructed  a  water  level 
nearly  one-lhird  of  a  mile  long,  through 
harder  rock,  yet  far  less  compact  and  more 
broken  up,  having  much  larger  feeders  of 
water  than  any  to  be  expected  in  the  red 
sandstone.  In  driving  this  heading  and  the 
shafts  connected  therewith,  single  feeders 
were  met  with  yieldin^^  1,000,000  gallons 
per  diem,  yet  these  were  dealt  with  without 
serious  difficulty  or  expense »  the  cost  not 
having  been  one-half  that  estimated  for  the 
Mersey  work. 

In  driving  the  heading  a  boring-rod  would, 
as  is  usual  in  water-bearing  strata,  be  kept 
ahead  of,  and  at  the  top  of,  the  work,  and 
thus  due  notice  would  at  once  ha  given  of 
any  unusual  feeder  of  water,  should  such 
exist. 

Ail  ordinary  cracks  in  the  sandstone  are 
readily  made  water-tight  by  the  use  of  a 
•'feather**  wedge  of  timber  tightly  driven 
into  them.  If  a  large  crack  were  met  with, 
containing  water  (a  most  unlikely  thing,  as 
has  been  already  shown),  a  lining  of  iron 
would  be  put  into  the  beading,  and  pushed 
forward  as  the  excavation  proceeded,  until 
the  fault  was  passed. 

The  heading  will  be  circular,  and  six  feet 
In  diameter**  It  will,  when  completed,  be 
available  not  only  for  draining  the  tunnels, 
but  for  telegraphic  purposes,  and  probably 


•  8e^  I*!»l«.     It  is  UQnecets&ry  to  glre  inv  deUll- 
•4  dft«rt|>tion  of  th«  PUt»,  m  it  expUini  itielf. 


also  for  conveying  water  from  the  Vfi 
lakes  to  Liverpool,  thus  avoiding  a 
ened  dkour  and  most  expensive  woriu. 

The    beading    having    been   sueo«i 
driven,  I  am  confident  that  there  will 
difficulty  in  letting  a  contract  for  a 
line  of  railway  under  the  river  Mbi 
j£100,000,  which  would»  indeed,  give  a 
of  £77  per  lineal  yard  of  tunnel — ihc 
being   through   good    hard   sandstone, 
thoroughly  drained  by  ineaiu  of  the 
ing ;  whereas,  £60  a  lineal  yard  h  a 
price  for  tunnels,  even  through  clay, 
of  course,  heavy  lining,  including  an  ti 
is  required. 

The  river  tunnel  being  com;  V      '    ' 
main  ing  works  necessary  to   r 
towns   of   Liverpool   and   Birkcuiii-ni 
complete   communication   with   each  \ 
will  be  of  a  very  ordinary  kind,  and  frit 
from  any  unusual  contingency* 

Under  the  existing  Parliamentary 
the   railway  can   be   completed  in  a 
line  from  Church  st.,  Liverpool,  ia  Wi 
side,  Birkenhead,  with  an  intermediate 
tiou  at  the  bottom  of  James  st.,  and  hj  &i 
means,  and   by    trains    running   cv  —  ^-- 
minutea,  passengers  will    he  conv. 
tween  the  termini  in  six  minutes,     hj   :j' 
thorized  line  runs  entirely  either  under  t^ 
river  or  under  streets,  and  not  t 
will  be  taken  for  the  railway  if 
one  or  two  for  station  purposes,      i 
way  can  be  readily  constructed  wi 
terference    with    the    traffie  of  the  girp*l«. 
The  main  Hue  will  be  double,  with  eitcoiiTc 
sidings  for  goods,  in  direct  comtniuiicittcB 
with  the  dock  lines  on  either  sida  of  tkt 
river. 

Surveys  have  been  completed  <Kf  titeO' 
sions,  whereby  the  Mersey  Railway  cftn  ^ 
made  to  form  a  direct  connecting  link  W 
tween  the  important  railway  syMtemf  «> 
either  side  of  the  river,  and  this  at  a  ^lod^' 
rate  expense,  and  with  the  destruelion  4 
hardly  any  property. 

The  effect  produced  by  the  opc!iitii|rf 
this  railway  will  be  very  great.  Th«  d«fa 
of  Liverpool  and  Birkenhead,  now  iinJ«f 
the  same  management,  form  th  i* 

porium  of  trade  in  the  world,  lu  ;  uflt 

usefulness  is  much  impaired  by  thi;  waaiof 
satisfactory  communication  between  the  tflO 
sides  of  the  river ;  and  the  immenae  i^ 
sources  of  Birkenhead,  developed  at  a  c««l 
of  £7,000,000  sterling  far  docks  alone,  m 
lying  comparatively  idle,  whilst  tho  r^uay* 
and  docks  on  the  Liverpool  side  are  floodri 
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-ade  incremsing  daily,  and  already 
king  their  capabilities, 
dock  and  quay  accommodation  must 
I.  On  the  Liverpool  side,  to  con- 
^esh  docks,  either  north  or  south,  is 
them  miles  away  from  the  center  of 
it  the  north,  in  a  very  exposed  situa- 
aost  unapproachable  in  heavy  wea- 
t  the  south,  only  available  for  ves- 
wmparatively  small  draught — what 
natural  as  to  utilize  the  expenditure 
)nhead.  now  yielding  but  a  nominal 
but  which,  with  the  Mersey  Railway 
od,  would  be  placed  in  a  very  differ- 
ition.  The  Birkenhead  docks  and 
ises  would  then,  as  regards  both  pas- 
and  goods,  be  placed  within  a  few 
,  in  all  weathers,  of  the  heart  of 
ol. 

mmense  traffic  to  be  expected  under 
ered  circumstances  may  be  inferred 
e  fact  that  with  the  present  imper- 
ins  of  communication,  often  brought 
to  a  standstill  by  a  fog  or  a  gale  of 
renty  millions  of  passengers,  at  least, 
T  the  ferries  annually. 
Cheshire  side  of  the  Mersey  abounds 
asure  sites  for  residential  purposes, 
onlv  New  Brighton,  but  many  other 
rould  experience  an  immediate  in- 
'  railway  communication  were  estab- 
Thousands  of  persons  who  would 
residence  on  that  side,  are  at  pre- 
erred  by  the  difficulties  of  the  daily 
;  to  their  places  of  business. 
Bonstruction  of  this  railway  and  its 
»n8,  would  also  place  Liverpool  in 
Dmmunication  with  North  Wales  and 
id. 

pool,  Birkenhead,  and  their  sur- 
gs  now  contain  at  least  seven  hun- 
ousand  inhabitants,  and  the  steady 
I  of  population  renders  means  of  com- 
ion  every  day  more  urgent. 
18  railway  be  not  soon  completed,  an 
B  expenditure  must  be  incurred  to 
I  the  approaches  to  the  landing 
irhich  will,  after  all,  not  get  rid  of 
It  serious  inconveniences  connected 
I  ferries,  which  are  chiefly  caused  by 
I  storms. 

)  who  have  interested  themselves  in 
rsey  Railway  are  in  earnest  in  the 
and  if  they  meet  with  but  moderate 
M  from  those  locallv  concerned, 
ol  and  Birkenhead  will  soon  be  con- 
^  a  direct  railway. 


THE  DYER  COURT  OF  INQUffiY. 

The  Court  convened  last  November  to  in- 
vestigate the  official  conduct  of  Gen.  Dyer, 
has  made  it«  report  to  the  Secretary  of  War. 
The  investigation  extended  over  a  vast 
amount  of  details,  and  was  exhaustive  on 
those  points  in  respect  to  which  the  accused 
had  been  condemned  by  the  Congressional 
Investigating  Committee.  All  possible  lati- 
tude was  given  to  the  accusors  in  the  matter 
of  evidence,  they  being  allowed  to  produce 
both  oral  and  documentary  evidence,  and 
permitted  to  appear  and  to  be  represented 
by  counsel.  Several  of  them  were  heard  as 
witnesses  in  support  of  the  allegations,  and 
*'  it  is  believed  that  no  evidence  offered  has 
been  excluded,  which  could  possibly  have 
shed  any  light  upon  the  questions  involved, 
or  which  would  have  affected  the  decision  of 
the  Court."  The  high  character  of  the 
members  composing  it,  viz..  Gen.  George 
H.  Thomas,  President,  and  Generals  Terry 
and  Hancock,  members,  and  Gen.  Joseph 
Holt,  Judge  Advocate,  makes  the  decision 
unquestionable,  and  will  settle  all  doubts 
in  the  minds  of  unprejudiced  readers.  The 
Court  acquits  Gen.  Dyer  of  all  the  charges 
against  him.  The  charge  of  receiving  a 
royalty  for  the  purchase  of  Absterdam  pro- 
jectiles was  not  sustained  by  the  Court,  its 
only  foundation  being  a  remark  made  by 
Gen.  Dyer,  to  the  effect  that  if  anybody 
was  entitled  to  a  royalty,  he  himself  was. 
The  Court  say  that  "  the  remark,  if  ever 
made  by  Gen.  Dyer,  was  made  to  Mr.  and 
Mrs.  Dickson,  some  time  after  the  only  order 
ever  given  by  him  to  Dickson  &  Lane  had 
been  issued.  [This  order  was  only  partially 
filled.]  The  whole  conduct  of  Gen.  Dyer 
in  reference  to  this  contract  and  the  pay- 
ments thereon  seems  to  negative  the  idea 
that  he  had  a  corrupt  motive  in  giving  the 
contract,  or  became  in  any  manner  interest- 
ed in  it.  The  evidence  as  to  Gen.  Dyer's 
assertion  in  the  matter  of  royalty,  was  either 
the  pride  of  an  inventor,  or  a  desire  to  pro- 
tect the  interests  of  the  United  States.  It 
is  established  by  the  testimony  that  he  al- 
ways held  the  opinion  that  the  Government 
should,  of  right,  have  the  privilege  of  using, 
free  of  charge,  any  invention  that  might  be 
made  by  an  officer  in  the  public  service,  and 
that  he  had  acted  upon  this  principle  when, 
in  1861,  the  temptation  was  presented  of  a 
large  sum  offered  to  him  for  a  patent  right, 
to  Be  taken  out  by  him  on  a  shell  of  which 
he  seems  to  have  claimed  the  invention,  to 
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be  then  transferred  to  other  parties.  He 
declined  to  do  so,  allijging  that  if  the  inven- 
tion was  of  any  value,  the  use  of  it  belonged 
to  the  Government,  and  "there  was  not  money 
enough  in  the  country  to  buy  it  of  him-*' 

With  reference  to  the  charge  that  the  dis- 
placement of  Gen,  Ramsay,  and  the  appoint- 
ment of  Gen.  Dyer  had  been  procured  by 
an  intrigue,  in  which  officers  of  the  Ord- 
nance Department  were  concerned,  the 
Court  finds  from  the  evidence,  and  especial- 
ly from  the  testimony  of  Secretary  Stanton 
and  As&t,  Secretary  Watson,  that  it  is  with- 
out foundation,  *^  Mr,  Stanton  stated  that 
Gen.  Dyer  never  solicited  the  poif^ition  from 
him,  but  *  that  he  ordered  it  of  his  own  no- 
tion,* and  that  he  does  not  think  that  any 
human  being  knew  of  his  determination  to 
appoint  Gen,  Dyer,  until  after  he  had  con- 
cluded to  recouimend  him  to  the  President, 
except  himself  and  Assist.  Secretary  Wat- 
son." Mr.  Watson  testitied  that  the  Presi- 
dent told  him  **that  he  had  eoticluded  to 
nominate  Gen,  Dyer  to  the  position,  not 
upon  any  political  or  perj^onal  consideration! 
but  solely  with  reference  to  his  professional 
merit,  and  the  requirements  of  the 'service, '* 

The  findingB  of  the  Court  are  equally  ex- 
plicit upon  the  other  points  charged,  and 
the  whole  country  will  not  only  congratulate 
Gen.  Dyer  upon  the  triumphant  vindication 
which  his  own  conduct  hjis  received,  but 
will  congratulate  itself  also  upon  linding 
such  integrity  in  one  of  its  most  responsible 
public  servants,  D. 


MINING  NOTES. 

From  tho  **  Quarterly  Joumikl  of  Science.'* 

The  project  for  organising  a  Colliery  In- 
surance Company,  to  embrace  a  provision 
for  the  survivors  of  those  killed  in  colliery 
accidents,  and  to  reimburse  the  colliery  pro- 
prietor or  worker  for  any  loss  accruing  to 
his  property,  is  again  exciting  attention.  A 
letter  has  been  published  by  Mr.  Stephen 
Sleigh,  of  Austin  Friars,  which  clearly 
shows  the  practicability  of  such  a  system  of 
inBuraDce.  We  learn  from  this  letter  that 
the  value  of  the  colliery  property  of  Great 
Britain  is  estimated  at  £70^000,000  sterling. 
The  production  of  coal  is  at  present  104,- 
000,000  tons  per  annum,  and  in  obtaining 
this,  on  the  average  of  ten  years,  1,000  lives 
are  lost  in  each  year.  It  appears  that  two 
pence  per  week  per  man  would  produce  a 
ftjnd  from  which  XlOO  could  be  given  to 
Widowa  and  children  of  the  deceased  collier, 


and  that  a  very  small  premium,  vmL 
course   with   the   district,  would  »ecaf«l 
insurer  from  any  serious  loss  to  hi-  ; 
ty.     As  active   measures   are  abo' 
taken  to  establish  this  motit  iinpctrt 
ciple,  we   content  ourselves   at  pr^ 
directing  attention  to  the  niovemeiii. 

Coal  in  the  Colorado  district  ta  a  i 
of  great  importance.  According  t»  tk 
**  Denver  News,"'  General  Pierce  staie^J 
the  Board  of  Trade  that  besides  thu 
31  in,,  discovered  near  Fort  Suptou,  i 
Platte,  there  were  also  two  beds  <ia  i 
Cache-la-Poudre,  One  of  these  beds  ' 
4  ft,  thick,  and  the  other  about  18  in. 
"Salina  Herald"  says  that  in  digfil 
well  on  the  east  side  of  the  Smoky 
River — less  than  two  miles  from 
bed  of  good  bituminous  coal,  18  in.  thJA 
and  about  20  ft,  below  the  surface,  wm  est 
through. 

Coal  raining  in  France  ha- 
past  year,  been   particularly 
will  be  seen  from  the  following  stat^pu 
the  production  during  each  of  tho  last  1 
years: 

Tons  (statute) . 

1863 10.516J62       1866 

1864 11,001,249      1867 

1866 11,7&5,714      1868 


ToMCfl 
....  \U 
..•.  11 ' 


The  colliers  of  Belgium  bare  noi 
ed  the  eame  progressive  increase,  i 
report  of  Mr.  F.  locham,  Director  ot  .^in^ 
in  the  Province  of  Hainault  (which  ii  tlw 
last  published  authority  on  the  pr 
of  coal  in  Belgium),  we  learn  thu 
end  of  1867  the  production  was  afi  (oilcm: 

1865.  186e.           11 

Hiiimiult 9,206,068  9,881,424    9. 

^  amur ..... 805,764  a58,6397 

Liege..........  2,328,911  2.5<i4,561    2,Tr*.1 

Total  of  the  king- 
dom ill  raetri- 
caltons 11,840J23  12.754,662  15,TIM9 

The  copper  mines  of  Africa  have  of  Ui» 
years  been  attracting  considerable  att^nlKiti' 
The  copper  lodes  in  the  Infiir'^  *"  ^'^^ 
about  twelve  miles  from  the  S'  ^^^* 

dary  of  Natal,  are  remarkable,  i^oa**.  coa* 
parativfcly  small  workings  have  been  canvd 
on  about  80  miles  from  Port  St,  John.  TW 
deposit  here  is  described  ait  about  l^  ft^ 
thick  by  2J  ft.  in  depth.  From  thia  destTip* 
tion  it  ie  evidently  not  a  vein  but  a  bed.  Tw# 
is  clearly  in  a  Btato  of  decompOKttioD,  ^«< 
it  is  said  that  ore  is  replactsd  by  a  pllof 
ocheroujB  deposit  (gouan  of  miner*)  contiio* 
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lies  of  very  pare  carbonate  of  cop- 
lalachite,  varying  in  size  from  a  pea 
«8  of  10  or  15  lb.  weight.  Some 
from   D*Urbau  penetrated    deeper 

mountain,  and  again  found  a  simi- 
sit.  Portions  of  considerable  masses 
en  found  to  contain  as  much  as  56 
t  of  metal,  the  average,  however, 
cm  30  to  40  per  cent.     Silver  was 

the  extent  of  5.30  ounces  t3  the  ton 
tr,  and  a  trace  of  gold  was  detected, 
nium  is  stated  to  have  been  discov- 

\arge  quantities  in  Maryland  and 
.vania.     Ghromate   of  iron,   of  fine 

has  also  been  found  in  Victoria, 
erstand  samples  of  this  mineral  and 
ial  ores,  of  good  quality,  have  been 

to  this  country  with  a  view  to  de- 
ig  their  real  commercial  value, 
oave  in  the  mountain  of  Galenstock, 
;  is  well  known  separates  the  cantons 
le  and  Urich,  a  valuable  deposit  of 
Ls  been  recently  found, 
lines  in  Siam  are,  on  the  authority  of 
mmal  of  the  Society  of  Arts,'*  about 
>rked.     We  quote  the  paragraph : 
>ther   tin   district   is   about   to    be 

at  the  Isthmus  of  Kra.  The  im- 
ralue  of  the  tin  workings  at  Junk, 

or  Phuket,  supposed  to  be  not  less 
0,000  tons  per  annum,  has  incited  a 

merchant  to  propose  the  active  de- 
int  of  the  Kra  mines,  and  as  tin  is 
d  to  abound  along  the  whole  range 
lalay  peninsula,  there  are  many  who 

in  hb  success.  He  is  to  have  the 
dent  of  the  district  to  enable  him  to 
It  his  designs.  The  river  of  Kra  is 
:hem  boundary  between  Britbh  Bur- 
1  Siam." 

tg  that  the  annual  production  of  tin 
lows : 

Tons. 

land 7,296 

» 4,260 

iUm 1,900 

sr  parts 8,000 


Total 16,466 

50,000  tons  said  to  be  produced  at 
I  an  evident  absurdity.  During  the 
IF  the  Chinese  merchants  have  been 
;e8t  buyers  of  British  and  Dutch  tin, 
b  circumstance  we  owe  the  rapid  rise 
price  of  tin  which  has  lately  taken 
This  proves  that  they  have  not  any 
cpectation  of  very  considerable  pro- 
of ihxB  valuable  metal  nearer  home. 


The  prominence  which  has  been  given  to 
technical  education  has  led  to  a  proposal  to 
found  a  Professorship  of  Mining  in  the  Uni- 
versity of  Glasgow;  and  a  deputation  has 
been  in  communication  with  Professors 
Ramsay  and  Huxley,  of  the  Royal  School 
of  Mines,  on  the  question  of  establishing  a 
mining  school  in  Wales.  The  experiments 
made  already  in  Glasgow,  at  Bristol,  and  bv 
Sir  Charles  Lemon,  and  others,  in  Cornwall, 
should  teach  the  lesson  that  it  is  quite  im- 
possible for  the  miner  to  attend  any  fixed 
central  school.  The  only  practical  and  use- 
ful system  of  imparting  instructions  to  the 
miners  is  that — adopted  with  great  success 
by.  the  Miners'  Association  of  Cornwall  and 
Devonshire,  and  by  Mr.  Dagliesh,  in  the 
neighborhood  of  Seaham  —  of  sending  the 
teacher  to  the  miner,  and  giving  him  the 
advantages  of  a  school  of  mines  in  the  very 
midst  of  the  district  in  which  he  labors. 

Gold. — ^The  Nova  Scotia  gold  fields  have 
produced  during  the  past  three  years  as 
follows : 

Ounces. 

1866 26,204 

1867 27,814 

1868 20,788 

The  production  of  the  quartz  rocks  of 
Merionethshire  has  fallen  to  490  ounces  in 
the  period  between  October  1st,  1867,  and 
December  Slst,  1868. 

There  has  been  a  small  rush  to  certain 
gold  fields  in  Sutherlandshire.  On  a  dis- 
trict not  far  from  Helmsdale,  which  was 
known  only  to  a  few  sportsmen  and  shep- 
herds, recognized  as  the  Rildonan  Burn,  a 
regular  system  of  "  diggings  "  has  been  or- 
ganized, and  the  bum  has  been  christened 
as  "Gold  Creek."  The  results  are  not, 
however,  satisfactory,  since  it  appears  that 
the  most  industrious  gold-seeker  cannot  re- 
alize more  than  five  shillings  a  day. 

THE  Heaton:  Process. — Considerable 
differences  of  opinion  still  prevail  as  to 
the  value  of  the  Heaton  steel-making  pro- 
cess noticed  in  our  last  number.  We  have 
carefully  read  and  considered  all  that  has 
been  said  in  favor  of  the  process,  and 
against  it.  We  are  not  by  any  means  satis- 
fied with  the  tone  which  has  been  assumed  by 
those  who  have  entered  on  the  discussion  of 
the  question.  Indeed,  it  is  to  be  regretted 
that  many  of  the  statements  which  have 
been  copied  from  paper  to  paper  should  ever 
have  been  made  at  all.  They  are  obviously 
not  consistent  with  oar  knowledge  of  the 
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between  the   upper  and  lower  ribs,  /  the  i  ^pon  the   resistance  to  direct  tenBioD,  tW 
length  of  bearing,  W  the  breaking  weight,   i>ther   varying   directly   as  the    degree  rf 


and  F  the  force  required  to  produce  rupture 
in  the  extreme  outer  particles  or  fibers. 
Then  a-^-a*  =^  the  total  area  of  section,  and 

and  hence  the  value  of  F  becomes 


F  =  -, 


-,  and  if  the  strength 


depended  only  on  the  direct  tensile  strength, 
F  ought  to  be  constant  and  equal  to  the 
direct  tensile  resistance  of  the  material, 
which  in  the  beam  used  was  about  18,750 
lbs.  It  was  found,  however,  when  the  beams 
were  subjected  to  breaking  weight  that  the 
value  of  F  was  much  greater,  and  showed 
a  close  relation  to,  and  probable  dependence 
upon  the  amount  of  deflection.  Other  ex- 
periments upon  solid  beams  gave  similar  re- 
sults. Finally,  a  series  of  experiments  was 
made  upon  beams  having  the  same  total 
depths,  but  with  variable  depths  in  the 
openings.  These  beams  would  have  nearly 
the  same  amount  of  deflection  when  sub- 
jected to  a  breaking  weight.  They  showed 
very  conclusively  that  when  the  deflection  is 
the  same  the  resistance  increases  where  the 
depth  of  metal  in  the  beam  is  increased. 
These  experiments  then  elicited  the  fol- 


_    *8 
flexure. 

Let  <p=  the  resistance  to  flexure  in  % 
soWil  beam  at  the  time  of  rupture,  D  =  tk 
depth,  d=  the  deflection, /=  the  tensile  re- 
sistance, and  F  =  the  total  resistance.  Tbea 
in  a  solid  beam  F  =f-\'  (p.  Also  let  P,  i 
und  ly  represent  the  total  resistance,  defce* 
tion  and  depth,  of  a  beam  with  an  open  sec- 
tion ;  then  the  resistance  arising  from  latenl 
action  varies  as  the  depth  into  the  deflectin, 
find 

P' =/+<!>  ^4'  •    •  •  (1) 

The  value  of  0  may  be  detenniocd 
from  this  equation  in  two  ways,  first  by  8vp* 
posing/  to  be  a  constant  quantity,  ind,8e- 
eondly,  by  supposing /and  0  to  have  scon- 
Htant  ratio.  Adopting  the  second  mode,  let 
I  to  7n  represent  the  ratio  of/  to  ^,  then, 

/=  m  0,  and  tw  0  -|-  0  -ff]f  ="  F',of 
F' 

(2) 


m  4- 


D'  d' 


which  ought  to  be  a  constant  quantity  in  all 
i^xperiments.  The  forms  of  beam  employed 
in  the  experiments  were  of  two  kinds,  i^olid 
rectangular  bars  and  open  beams  or  girden, 
both  of  cast  iron.     The  value  of  F  in  one 


i^olid  beam  was  found  to  be  41,709  lbs.,  ind 
lowing   facts  as  regards   beams   formed  of  the  value  of /,  from  experiments  on  dirort 


parallel  bars,  separated  at  given  intervals 
by  vertical  ribs. 

1st.  That  in  every  case  the  resistance,  or 
the  value  of  F,  is  greater  than  that  due  to 
the  tensile  strength  of  the  metal. 

2(1.  That  with  the  same  depth  of  metal 


in  the  beams,  and  the  same  bearing,  the  re-  plete  regularity,  were  sufficiently  uniform  to 


tension,  18,750  lbs.,  leaving  22,959  as  the 
value  of  0,  so  that  the  ratio  of  0  to  /  wis 
about  1.00  to  .81.  The  mean  of  a  conMde^ 
able  number  of  experiments  gave  the  mean 
ratio  as  I  to  ^. 

These  results,  though  not  exhibiting  com* 


when  the  deflection  is 


sistance  is  greater 
greater. 

3d.  That  with  the  same  deflection  and  the 
same  length  of  bearing,  the  resistance  is 
greater  when  the  depth  of  metal  is  greater. 


indicate  that  the  assumed  law  of  the  Tirii* 
tion  of  this  resistance  is  a  close  approxim** 

tion  to  the  truth.     In  equation  2  -yrj  n- 

presents  the  ratio  of  the  depth  of  metal  in 


flection  in  connection  with  the  depth  of 
metal  in  the  beam,  or,  in  other  words,  de- 
pendent upon  the  degree  of  flexure. 


It  follows  then  that  there  is  an  clement  each  beam  multiplied  by  its  deflection  to  the 
of  strength  depending  on  the  amount  of  de-  depth  of  metal  in  the  solid  beau  mnltiplied 

by  its  deflection.  But  the  deflections,  as 
might  have  been  expected  from  known  lavs 
were  nearly  in  the  inverse  ratio  of  the  total 
Now,  if  from  the  value  of  F  the  tensile  j  depths  of  each  girder,  therefore  the  degree 
strength  of  the  metal  is  deducted,  it  will  be  of  flexure,  and  consequently  the  resistanee 
found  that  the  remainder  maintains  nearly  j  to  flexure  in  each  will  be  nearly  as  the  dcptb 
a  constant  ratio  in  each  case  to  the  depth  of  i  of  the  metal,  divided  by  the  total  depth  of 
tho  metal  multiplied  by  its  deflection.  It :  the  girder,  and  we  are  thus  enabled  to  ob- 
would  appear  then  that  F  is  composed  of  j  tain  a  formula  for  computing  approximatolj 
two  fiictors,  one  constant  and  depending  j  the  breaking  weights  of  these  girden  witlh 
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MtEnt  ascertaining  tbeir  deflections.  Thus, 
if  a/  be  the  resistance  due  to  tension,  and 

f.  ^j-  be  the  resistance  due  to  resistance 

to  flexure,  then  W=a  (/+  t^\  will  be 

the  united  effect  of  the  two  resistances. 

The  following;  are  the  properties  arising 
fron  this  resistance  to  flexure : 

Ist.  It  is  a  resistance  acting  in  addition 
kt  the  direct  extension  and  compression. 

2d.  It  is  evenly  distributed  over  the  sur- 
hee,  and  consequently  (within  the  limits  of 
its  operation)  its  points  of  action  will  be  at 
the  center  of  gravity  of  the  half  sections. 

Sd.  This  uniform  resistance  is  due  to  the 
lateral  cohesion  of  the  adjacent  surfaces  of 
the  fibers  or  particles,  and  to  the  elastic  rc- 
letion  which  thus  ensues  between  the  por- 
tions of  a  beam  unequally  strained. 

4th.  It  is  proportional  to  and  varies  with 
the  inequality  of  strain  between  the  fibers 
or  particles  nearest  the  neutral  axis,  and 
those  most  remote. 

15.  Taking  the  equation  of  the  moment 
of  resistance  of  a  cross  section,  and  putting 


it  in  the  form  2sb 


xdx,   and   in  the 


place  of 


fx 
substituting  <-^-  -f-  0, 


sx 


we  have 


X  d  X. 


material  is  nearly  the  same  in  compression 
and  extension ;  the  difference  being  that  the 
force  which  overcomes  the  elasticity,  when 
applied  as  a  compressive  strain,  distorts  the 
material,  while  in  tensile  strain  the  elas- 
ticity may  be  overcome  long  before  the  ma- 
terial yields  by  absolute  rupture. 

16.  Deflection  of  Beams. — Resuming  the 
bent  lever  hypothesis,  it  will  be  seen  that 
the  effect  of  the  weight  at  any  given  plane 
of  cross  section  is  a  tendency  to  rotate  that 
plane  about  a  horizontal  axis,  perpendicular 
to  the  neutral  axis.  To  a  very  small  extent 
this  rotation  actually  takes  place,*  the  amount 
of  motion  being  limited  by  the  elasticity  of 
the  material,  or  the  degree  to  which  the 
normal  distances  between  two  particles  can 
be  extended  or  shortened.  The  planes  of 
cross  section,  therefore,  cut  each  other  at 
the  neutral  axis.  The  amount  of  curvature 
ut  any  point  will  vary  as  the  force  applied, 
and  that  force  is  equal  to  the  weight  multi- 
plied by  the  lever  arm,  or,  more  concisely, 
is  equal  to  the  moment  of  the  weight. 

Let  />  /  be  a  layer  of  a  beam  deflected  by 
the  weight  W,  and  let  x  represent  the  dis- 
tance of  any  point  in  it  from  I,     Then  the 

Fig.  VI. 


Integrating  this  between  x  =  ^  d,  and  x  = 
h  we  have  the  formula  3f  =  i  (i/+  J  0)  i  ef. 
[f,    in    the    various    expressions     of    the 
itrength  of  cross  sections  of  variable  form, 
Ji  the  place  of  ^  x,  we  substitute  the  co- 
•iEeient  J(i/+J0),  we  shall  have   cor 
■ected  formulas  for  this  new  element  of  re- 
sistance, and  much  nearer  the  truth  than 
dioee  just  given.     The  value  of  <t>  may  be 
leduced  for  any  weight  from  equation  2. 
rhe  foregoing  results  having  been  obtained 
experimentally   from    cast   iron    beams,    it 
might  have  been  apprehended  that  the  same 
would  not  hold  good  for  wrought  iron.    The 
existence,  however  of  a  similar  law  in  the 
ease  of  wrought  iron  beams  was  practically 
lemoDStrated.     But  the  relative  values  of  f 
iBd  ^are  not  so  readily  ascertained,  because 
ihe  material  yields  by  crushing  and  not  by 
haetare.    Another  point  requires  considera- 
tion,   vis:    that  the  ultimate   compressive 
Itrength  of  wrought  iron  is  but  little  more 
than  naif  its  tensile  strength,  while  in  cast 
iron  the  compressive  is  six  times  the  tensile 
Itrength.     But  in  wrought  iron   the  force 
reqiUTed  to  overcome  the  elasticity  of  the 


angles  1  p  2,  2  x'  8,  8  x"  4,  etc.,  will  vary 
as  the  curvature  of  the  beam  between  the 
points  of  tangency  of  1  P  and  2  a:',  of  2  x' 
and  3  a:",  of  3  xf'  and  4  x'",  etc.  This  will 
become  clear  by  referring  to  Fig.  VI,  where 
P  c  x'  represents  the  angle  of  rotation  be- 
tween the  two  contiguous  surfaces  made  by 
a  plane  of  cross  section.  Since,  as  a  condi- 
tion of  tangency,  1  p  is  perpendicular  to  p 
c,  and  2  x'  perpendicular  to  c  x',  the  angle 
included  by  I  p  and  2  x!  must  always  be 
equal  top  c  x'.  Hence  the  angle  included 
between  two  tangents  will  vary  as  the  cur- 
vature, which  varies  as  the  moment  of  the 
weight.  Again,  with  a  given  angle  made 
by  two  tangents,  the  amount  of  divergence 
will  vary  as  the  length  of  the  tangents,  that 
1  is,  the  farther  any  two  tangents  are  extend- 
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ed  the  more  widely  they  will  separate.  But 
the  length  of  a  tangent  for  small  deflections 
is  equal  to  z,  and  the  divergence  between 
any  two  consecutive  ones  (denoted  in  Fig.  VI 
by  the  spaces  1.2,  2.3,  3.4,  etc.)  is  the  dif- 
ferential deflection  due  to  the  curvature  of 
the  differential  space  d  x.  The  deflexion  d 
D  therefore  will  vary  in  the  combined  ratio 
of  the  angle,  or  W  x^  and  the  length  of  the 
tangent,  i,  c,  as  Wj^.  Finally,  it  will  also 
vary  as  the  length  of  d  a:,  or  as  the  number 
of  particles  separated  or  stretched  by  the 
force  W  X.  Taking  772=  an  experimental 
constant,  we  deduce  the  equation 

db^mWi^dx,         (1) 

td  B=W mfx^ dx,         (2)         and 

P 
making  a;  =  Z,  we  have  D  =W  m  -^.    This 

equation  is  true,  however,  only  for  very 
small  deflections.  But  as  small  deflections 
are  the  only  ones  to  be  encountered  prac- 
tically, this  will  be  found  sufficiently  near  for 
practical  purposes.  The  expression  W  x, 
which  is  the  moment  of  the  weight,  is  called 
the  bending  moment  in  treating  of  deflec- 
tions. 

17.  When  the  beam  is  loaded  uniformly 
the  expression  for  the  bending  moment  is 
altered.  If  the  point  x  be  taken  as  before, 
tlie  bending  force  exerted  at  that  point  will 
be  that  due  to  the  weight  between  x  and  the 
free   end,  and   its  moment,  since  it  is  uni- 

W'  X 
formly  distributed,  is  -—.     But  obviously 

W  X 
W  =  -- —  and  hence  the  bending  moment 

Wx^ 
is  —^-, —     Using  this  bending  moment  eq. 


21 
(1)  becomes 


d  D  —  ^  IFa;*<£a: 


2/ 


W7 


(3) 
(5) 


and 


making  x=  I,  we  have 
D=4  WmP 

When  the  beam  is  supported  at  both  ends, 
and  weighted  in  the  middle,  we  may  with- 
out error  consider  it  as  supported  in  the 
middle,  and  weighted  at  each  end  with  one 

half  the  weight,  in  which  case  x=  -^-    and 

equation  (2)  becomes 

fdI)=^)^Wmfx'dx=-^Wvir,    (6) 
When  the  load  is  uniformly  distributed 


over  the  whole  length,  then  by  referriDg  to 

Sec.   7  it   will  be   seen   that  the  momeit 

of   weight,   or  bending  moment,  beeoniei 

W  x  U-x) 

'^. — ^.     Substituting  this  for  Tf  x,  ii 

equation  (1),  we  have 

.J.     mWx'(l'-x)dx 


fdD==: 


mW  i 


(6) 


IDd 


/Jlx^dx-'J!^J^dx     (7) 

making  x=\l  the  expression,  reduces  U 
D  =  ;j|5-Prm/«  (8). 

Since  the  deflection  is  osnally  expresMl 
in  inches,  it  is  advisable  in  assigning  nomov 
ical  values  to  Z,  to  reduce  the  measuremeBti 
to  inches,  so  that  W  /,  or  the  bending  mo- 
ment, always  express  *'  inch  pounds,'  tsd 
thus  leave  the  unit  of  measurement  for  d^ 
flection  in  its  simplest  form. 

18.  Thus  far  we  have  treated  of  the  d^ 
flection  only,  in  its  relation  to  the  length 
and  weight  of  the  beam,  and  have  practical- 
ly  assumed  the  cross  section  of  the  beam  to 
be  a  fixed  quantity.  It  is  now  necessary  to 
treat  of  the  relations  of  the  bending  momenft 
and  deflection  to  the  cross  section.  In  the 
foregoing  equations  the  constant  m  is  in- 
tended  to  be  a  factor  expressing  the  deflec- 
tion of  a  beam  of  a  given  length,  and  croM 
section  under  a  given  weight,  while  the 
whole  equation  gives  the  deflection  of  i 
beam  of  the  same  cross  section,  but  of  vari- 
able length.  When  the  cross  section  i> 
variable,  m  is  no  longer  constant.  But  it 
still  holds  a  determinable  relation  to  the 
breadth,  depth,  and  modulus  of  elasticitj, 
which  can  be  expressed  in  terms  of  thoM 
quantities.  Assuming,  then,  that  m  repre- 
sents the  deflection  of  a  beam  of  given 
length,  but  variable  depth,  \i%  bending  mo- 
ment, PFZ,  will  vary  inversely  as  the  mo- 
ment of  resistance  of  the  cross  section,  that 
is,  as  ^  *  ^  rf*.     By  referrbg  to  Fig.  VII  it 

Fig.  VII. 

1 


will  be  seen  that  the  angle  formed  at  the 
neutral  axis,  by  the  elastic  yielding  of  two 
contiguous  particles,  will  vary  directly  m 
the  bending  moment,  and  inversely  as  the 
modulus  of  elasticity  and  the  moment  of  re- 
sistance of  the  cross  section.  But  the  ten- 
sion on  the  fiber  p  x*  remaining  the  same, 
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Ha  mgle  p  c  2f  will  ?ary  as  p  c,  or  aa  J  (3^. 
Heiee  iht  depth  agiiiii  enters  tht^  expresaioiij 

wkieh  DOW  becomes  m  =  v.     .  ^,    But  since 

^  I  5  4f  b  the    momcQt  of  inertia  of  the 
ero»  iection,  we  may  write 

£  represents  the  mod  ulna  of  elasticity 
wkb  respect  either  to  com  pre  as!  on  or  e^  ten- 
lioQ.  Taking  the  equatioas  of  the  preceding 
•ielioQ  and  substituting  this  value  of  m  we 
ohtiiD  general  expressions  for  loads  varionsly 
^tribat«d. 


One  end  fixed  and  loaded  }  jy_  _R^  ^  tn^ 

It  the  other    .     ,     .     J  X£7  ^^ 

Ooe  end   fixed   and  ani-  }  n_    W  P  « 

fannly  loaded     .     .      \  ^-S'M7  *' 

Both  ends  supported  and  )  rj _  JPT  P _  .,. 

loaded  in  the  middle,  (  48"^:/  ^^ 

Botb  ends  supported  and  )  n^  '^  ^^^  ^^i\ 

umformlj  loaded     .      f  3i4i?7  *^^ 

(To  bs  dQnliBiiBd>) 


MPROVEMEUTS  IN  COAL  GETTING. 

(Wpllcd  from  **  Tb«  Prftctk*!  MeebBiite'i  Joursal.*' 

That  which  has  more  than  anything  eUe 
ehkracier ixed  the  mechanical  progress  of  our 
iwn  tttocs,  the  steady  and  increasing  gubsti- 
tation  of  machine  agency  for  human  and 
mimal  labor,  has  not  until  within  a  very 
few  yes^TS  made  much  advance  in  the  under- 
pt»uiid  workings  of  the  coal-pit.  Soino 
pmnd  ameliorations  have  been  made,  but 
nach  remains  to  he  done ;  and  so  surely  as 
Jie  iewing  machine  was  the  true  remedy  for 
;he  miseries  shadowed  in  the  **  Song  of  the 
Shirt/*  BO  must  the  effectual  removal  of  the 
remaining  ills  of  coal-pit  labor  (and  of  qU 
)ther  labor  of  analogfms  character)  be  found 
not  so  much  in  legislation  as  in  the  inven- 
tion of  elfeetive  methods  for  superseding  it. 

There  have  been  other  sufferings  in  coal- 
pit labor  bi^sides  human  ones.  Horse»  are 
itili  largely  employed  in  drawing  the 
•corve*  *'  of  coal  from  the  headings  to  the 
IkxIoih  of  the  **  drawing  shaft.*'  Without 
being  sentimental,  it  may  be  boldly  said 
that  few  animal  existences  can  be  more  un- 
latur&l  or  unhappy  than  that  of  the  coal-pit 
lorse.  But  the  increased  depth  of  work- 
ings, the  extension  of  underground  '*  in- 
clines,'* and  many  other  circumstances,  all 
xmTerging  towards  the  question  of  **  cost," 
laTC  sharpened  the  wits  of  coal  viewers  and 
mgineerB;  and  already  vast  progress   has 


been  made  in  the  north  of  England  and 
elsewhere,  in  substituting  steam-power  haul- 
age underground,  by  means  of  the  *^  endless 
rope  system/*  for  horse  labor.  Thus,  not 
universally^  but  within  certain  limits,  we 
see  the  curious  succession  of  women  and 
girls  as  beasts  of  burden  giving  way  to  boys 
and  men,  these  to  **  ponies/'  and  the  last  to 
steam.  Several  years  have  elapsed  ainco 
the  earliest  attempts  were  made  in  North* 
uniberland  and  Durham  to  apply  mechanical 
haulage  by  one  of  the  four  systems  under 
which  it  is  at  present  worked,  vii,,  by  that 
uf  the  single  tail  rope  j  and  at  least  five 
years  ago  we  ourselves  witnessed,  in  the 
Hetton  collieries  the  degree  of  perfection  to 
which  that  plan  had  even  then  been  brought 
under  the  skillful  superintendence  of  the 
viewer,  Mr.  J.  Daglish,  M.  E. 

The  three  other  systems  now  all  in  use 
arCp  the  endless  chain  system,  the  endless 
rope  system — of  which  there  are  two  modi- 
fications, not  reckoning  as  a  distinct  system 
the  endless  chain  plan  of  South  Wiiles — and 
the  system  of  single  rope  planes.  In  all  of 
these  the  full  corves  are  seized  by  the  rope 
or  chain  at  the  required  point,  dropped  off 
free,  either  by  detachment  or  by  ceflsation 
of  the  power  at  the  required  points,  and  the 
empty  corves  are  brought  back  by  power, 
A  boy  is  needed  to  each  train,  and,  as  at 
Hetton,  the  highest  ingenuity  has  been  ex- 
hibited in  devisal  of  the  methods  by  which 
detachment  from  a  constantly  running  rope 
is  provided  for.  To  the  honor  of  mother  wit 
be  it  recorded,  that  the  beautifully  simple 
and  effective,  though  most  original  and  in- 
genious, farm  of  detaching  book  in  use  at 
Hetton,  was  invented  by  one  of  these  un- 
taught boys  who  guided  the  trains  of  corves. 

An  admirable  account  of  what  has  been 
done  up  to  this  time  in  the  way  of  wteam 
underground  haulage,  may  be  found  in  the 
*' Transactions  of  the  North  of  England 
Mining  Institute/'  volume  xvii,  page  7,  for 
August,  18t>B,  with  very  carefully  tabulated 
experiments  as  to  the  cost  of  such  haulage 
work.  Acoording  to  eireum stances,  and 
chiefly  to  the  rate  of  inelinatiun  of  the 
trams,  and  the  amount  of  coal  hauled  per 
twelve  hours,  it  varies  from  a  little  above  a 
penny  per  ton  per  mile,  to  nearly  fourpence 
per  ton  per  mile,  of  coal  drawn.  To  these 
able  reports  we  refer  our  readers,  for  our 
direct  object  here  is  not  with  the  methods  of 
leading  the  coal  when  '*  got  "  underground, 
but  with  improvements  in  tho  means  of  get* 
ting  it. 
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The  methods  employed  up  to  the  present 
hour  for  ** getting'* — L  e.,  for  detaching 
coal  from  its  bed,  as  generally  practised  iu 
Great  Britain — may  be  said  to  consist  in 
**  holing/*  under-cutting,  or  over  cutting 
(generuUy  comprised  under  the  term  hew- 
ing), the  coal  by  hand  labor;  to  a  limited 
extent  as  yet,  performing  all  these  or  at 
least  two  of  them,  by  one  form  or  other  of 
**  coal-cutting  machinery;''  wedging  by  hand 
to  bring  down  the  more  or  less?  iie^olated  blocks 
of  coal ;  and  in  many  pit8  blasting  the  coal 
down  or  out  of  its  seat,  more  or  less  by  gun- 
powder or  other  explosive  agents. 

These  methods  are  equally  iu  use,  whether 
the  coal  seams  be  worked  by  heading.^,  by 
single  or  double  '*  pillar  and  stall/'  or  upou 
the  '*  long  wall ''  systems;  and  if  we  include 
in  our  view  foreign  collieries^  more  eBpeeial- 

ly  those  of  France,  Belgium  and  We^tpha'   . _„._   _ 

lia,  where   the    seams    are   in   general  much  j  lodge  a**  the  rigid  earboniferou 


of  both,  but  generally  of  the  fin»t  o&It.  Ut 
he  removed.  This  is  very  frequt^nllj  tTum- 
po.'^ed  of  hard  grit  stone,  or  of  *'  duDck," 
or  other  argillaceous  or  areuaceoii*  nj&tf-rul 
scarcely  less  hard.  For  the  t 
these  primary  works,  in  near  I 
liery,  gunpowder,  or  some  eqtu^aknt  lui  u, 
is  indispensable. 

Again,  there  are  certain  eoals  wl 
themselves  so  hard  that  (a£  yet  at  h 
one  has  even  suggested   any  way  I 
they  can  be  dislodged  from   their   I 
by  means  of  blasting.    Such  is  ihc  r.i 
much  of  the  American  anthracites,  wit„     .,, 
of  those  of  the  European  Uontinpnt,  sb4^ 
above  all,  with  the  pure  anthracit*^     ♦  ♦'^- 
Kilkenny  coal  field  in  Ireland,  wli 
tains    about    97    per    cent  of  pure 
breaks    with    a    vitreo-couchoidal    tr 
iind  is  almost  as  hard   and   dtO^ 


more  steeply  inclined  and  disturbed  thsin  iu 
Great  Britain,  these  methods  apply  equally 
to  all  thick  seams,  however  circumstanced. 
That  blasting  has  been  occasionally  produc- 
tive of  accidents  more  or  less  serious, 
through  the  chance  of  the  ignited  fuze  or 
the  flash  of  the  explosion  igniting  fire-damp, 
admits  of  no  doubt.  The  absolute  number 
of  each  accidi^nts  is  small,  and  their  propor- 
tion in  relation  to  those  traceable  to  all 
other  causes  is  unquestionably  small ;  but 
although  that  is  so,  it  is  the  obvious  dictate ' 
of  prudence,  if  it  be  found  practicable,  to 
avoid  blasting  altogether,  or  in  at  least  all 
**  fiery  seams.*'  Nowise  manager  can  feel 
at  ease  in  being  obliged  to  sanction  the  con- 
tinual use  of  blasting,  where  every  charge, 
when  exploded,  may  he,  for  ought  that  he  or 
any  one  can  predict  to  the  contrary,  in  con- 
nection by  an  invisible  and  unknown  gasi- 
form fuze  with  the  great  explosive  maga- 
stines  of  fire*damp  that  may  be  accumulated 
in  the  **  goafs  "  or  other  parts  of  the  work- 
ings. Prima  facie,  therefore,  everything 
indicates  the  desirability,  if  possible,  of  get- 
ting rid  of  subterranean  coal  bl  its  ting,  on 
the  grounds  of  humanity  and  prudence. 

But  let  us  look  at  the  matter  a  little  mere 
narrowly  in  the  light  of  practical  needs»   etc 


which  the  seams  occur,  and  to  t! 
scat*'  of  which   the  coal  is  oh 
herent.    There  are,  therefore,  ca^t-*  i 
coal  mining  must,  to  the  end  of  tht 
be  pursued  by  means  of  blastiii 
have  our  views  as  to  the  siibstitu:.  _ 
other  means  of  dislodgment  thus  Hmitod  il 
least. 

We  ought  not  here  to  omit  to  rem&rk,  be* 
fore  going  further,  that  there  iu  a  wide  fitld 
open  for  expcrminents  with  oilier  tMpl<*i^t 
agents  than  gunpowder,  with  a  view  U*  ili** 
cover  wliether  some  may  not  he  foond,  fttMJ 
be  so  exploded  that  their  di;«loeatlDg  t§icU 
may  be  employed,  and  yet  that  any  futt  tl 
all,  or  any  flash  capable  of  igniting  fire* 
damp,  shall  be  avoided  or  abolished.  AaX^ 
the  fuze,  there  is  no  longer  the  uligbliwl 
practical  difficulty  or  objoctioo  m  ti»» 
ground  of  expense,  complication^  trmiKU, 
delay,  etc.,  in  employing  galvanic  or  rfttber 
magneto-electric  fuses  ;  and  as  the  ignttifi| 
points  of  these  are  plunged  in  the  n  '  '  ^ 
the  charge,  ignition  of  fire-damp  is  n 
possible   from    the   fuze ;   it    b.  u 

limited  to  any  flash  producible  1  .<*; 

but  may  not  this,   too,   be  whuUj  ^u;  nd 
ofl 

(jrUTi -cotton,  nitro-glyeerine,  dynaniitt,  ui* 


Drift-ways  must  bo  run   into  the  coal,  ^^^X^e-Vlto-^imc  powder,  all  give  less  fla^h^aiid  ooi 

^^(^WtobaUy  Ws  capable  of  producing  ignili<A 
-^.*^\\v\va  %wo\md\i\^  ^assta,  than  that  of  g«np<*f' 


thor  thick   or   thin,  in  order  to  reaclx 
work  the  seam.     These  are  often  mil 
Uugih  ;  unions  in  the  exceptional  cas 
th«   vcrv  thickest  seams,  the   hciixAvf 
It  Hi  red   by  the  drift  way,  headiri  g^    or  — . 
s^  i  V .  which  is  from  seven  to  nine  x     t  nT 
I  .  rc  or  less  of  the  coal  roof  or  r^ 


Q^ft'i'^^^^s^^ 


^A  c^et,  aXWieAu^  "^ed  us  ut^uaU  Bui  a  diKMiT- 
^^  ^^.yt^  ^^n  ^^^^«^t\y  Tuade  in  Mr.  Abcru  l»U- 
*^  W-'^V^^^^^  ^'^'^^WVAi,  and  since,  to  MHiMt  «!• 

'^  •  ,iA^^^^'  ^^^^^^  «\3^t  '«wo  a  practicablt  form,  hw 


VAN  NOSTRAND'S  ENGINEERING  MAGAZINE. 


503 


in  a  given  charge  may  be  prodigiously  in- 
Brearied  in  intensity  by  firing  the  charge,  not 
by  mere  ignition  at  all,  but  by  ignition  and 
I  blow  or  violent  vibratory  jar  at  the  same 
nstant.  The  same  thing  is  no  doubt  true, 
nd  afortiori^  of  nitro-glycerine.  It  is  thus, 
\X  t\kiA  crude  stage  of  the  inquiry,  plain  that 
re  hare  the  means  of  employing  explosive 
^nta  greatly  more  potent  and  less  capable 
f  spreading  ignition  to  fire-damp  than  gun- 
iowder,  and  that  we  can  still  further  reduce 
he  charges  of  these  more  potent  explosives 
J  employing  a  suitable  method  of  firing 
bem.  We  may  thus  reasonably  hope  to  at- 
ain  for  any  given  use  charges  sufficient,  yet 
0  nnali  tliat  the  mere  cooling  contact  of  the 
oal  or  rock  split  by  tliem  shall  prevent 
ven  a  very  slender  probability  of  the  flash, 
r  any,  spreading  beyond  the  hole,  or  reach- 
■g  any  point  to  ignite  fire-damp. 

Experimental   researches   to   decide   the 
eope  and  value  of  such  an  inquiry  appear 

0  U8  quite  worthy  of  our  most  advancing 
nd  scientific  colliery  engineers,  with  the 
id  and  countenance  of  the  Northern  or  of 
he  South  Wales  Mining  Institutes.  Still 
kere  remains  this  incontrovertible  proposi- 
km,  so  well  insisted  upon  recently  by  Prof. 
V^arrington  Smythe,  that  where  there  must 
ver  remain  more  or  less  room  for  doubt  as 
»  danger,  and  that  danger  such  as  may  im- 
eril  many  human  lives,  the  judgment  of 
rery  prudent  man  ought  to  be,  '*  get  rid  of 
xplosives  in  coal  mining  altogether,  if  it 
an  be  done."  Professor  Smythe  did  not 
firm  that  it  could  be  done,  nor  do  we  be- 
eve  that  it  can,  in  all  cases.  Beyond  ques- 
ion  the  ablest  and  most  successful  attempts 

1  this  direction,  as  well  as  in  that  at  the 
ftme  time  for  relieving  the  heavy  labor  of 
be  coal  hewer,  have  been  those  of  the  con- 
rivera  of  coal-cutting  machines.     Thene,  in  \ 
everal   forms  —  mainly   divisible    into  twoj 
eneric  classes,  viz.,  those  which  hew  in  the ! 
roper  sense  of  the  word,  t.  e.,  chop  away ! 
be  coal  by  blows  with  a  sharp-ended  implc- 
lent   like  a  pick,    driven   by  power ;  and  i 
koso  which  sltuy  or  rather  grind  away  the 
oal  by  one  or  many  advancing  tools,  slowly 
riven  by  power,  and  moved  like  the  cutting 
DoLs  of  a  slotting  machine — have  now  been 
lore  or  less  under  trial  for  nearly  seven 
ears,  and  in  a  few  places,  both  in  South 
(Tales  and  in  the  North  of  England,  have 
een  (one  or  other)  brought  into  successful 
w;  the  power  employed  being  compressed 
ir,  supplied  by  a  fixed  engine  above  or  un- 
erground,  and  the  air  led  along  by  pipes  to 


the  faces  of  the  headings,  or  to  the  wall 
faces  in  work. 

What  may  be  done  by  compressed  air  as 
a  motive  power  we  need  not  enlarge  upon  ; 
it  has  been  abundantly  shown  at  the  great 
Mont  Ccnis  tunnel,  of  which  we  have  given 
several  notices  in  this  journal.  Now,  be- 
sides the  advantages  effectuated  by  this  class 
of  machines  (we  have  no  intention  of  going 
into  any  critique  as  to  their  relative  merits), 
of  relieving  the  coal  hewer  of  the  very  heavi- 
est part  of  his  labor,  viz,,  the  *'  under-cut- 
ting "  of  the  coal,  and  the  owner  of  by  far 
the  greater  portion  of  the  coal  wasted  and 
destroyed  by  being  reduced  to  powder  by 
the  under-cutting  by  hand,  and  limiting  the 
*'  hewer's  "  task  to  the  cross  cutting  of  the 
blocks  and  *' getting  down,"  by  whatever 
means,  the  masses  of  detached  coal;  there 
are  these  further  advantages — that  the  '*un- 
der-cutting"  can  be  effected  much  more 
deeply  in,  from  the  "face,"  than  is  readily 
practicable  with  hand  labor,  and  that  when 
indispensable  the  coal  bed  may  be  **  over- 
cut,'*  or  freed  from  the  roof,  if  need  be,  in 
the  same  manner — a  thing  nearly  impossible 
with  mere  hand  labor.  It  is,  however,  a 
very  rare  case  indeed  that  any  moderately 
heavy  seam  of  '*  fat "  or  flaming  coal,  or  any 
other  but  of  the  hardest  anthracite,  needs 
any  over-cutting,  and  that,  no  matter  at 
what  inclination  or  dip  of  bed.  It  almost 
always  occurs  that  if  the  coal  be  effectually 
under-cut,  the  mass,  thus  for  several  yards 
in  length  perhaps,  and  for  a  depth  in,  from 
the  face,  of  from  three  to  six  feet,  hanging 
in  air  free  from  its  support  below,  only  needs 
to  be  cross-cut  or  "  holed,"  when  it  breaks 
off  at  the  rear  and  from  whatever  slight  at- 
tachment it  may  have  had  to  the  roof,  and 
drops  by  its  own  weight,  and  then  all  that 
remains  is  to  hew  or  part  it  into  suitable- 
sized  blocks,  so  as  to  load  it  into  the  "  cor- 
ves," and  bring  it  to  bank.  This  part  of 
the  work  is  done,  partly  by  the  blows  of  the 
pick,  partly  by  the  **  hewer's  bar,"  and  in 
harder  coal  by  driving  in  iron  wedges. 

Recently  there  have  been  some  who  have 
thought  that  wedging  might  be  much  more 
extensively  used  in  coal  mining  ;  and  that, 
in  fact,  by  the  application  of  a  much  more 
powerful  form  of  machine-driven  wedges, 
coal  might  be  detached  bodily  from  its  bed 
without  the  use  of  blasting,  without  the  use 
of  coal-hewing  machinery,  or  hewing  in  any 
form  either  for  under-cutting  or  holing ;  and 
that,  in  fact,  this  one  new  class  of  tool, 
either  the  power-driven  wedge,  or,  as   its 
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equivalent,  the  fixpauBiou  of  plungers  by 
hydrotlytiaTiiic  pressure »  should  become  al- 
most the  Bole  and  sufficient  resource  of  tbo 
collier.  This  is  what  we  propose  to  submit 
here  to  some  slight  examination  in  the  dis- 
passionate light  of  the  actualities  of  the 
problem  sought  to  be  vsolved. 

Five  mechanical  arraugements  for  coal- 
splitting  were  recently  brought  before  the 
Institution  of  Civil  Engineers^  three  of  them 
being  principal,  and  the  others  only  inciden- 
tal to  the  discussion  up^m  the  original  paper 
by  Mr.  S.  P.  Bidder,  A.I.  C  E.,  *^  On  Ma- 
chines employed  in  Working  and  Breaking 
down  Coal." 

The  machine  of  Mr.  Bidder  was  described 
as  congi)iting  of  a  8mall  hydraulic  presi  of 
twelve  tons  power,  to  which  was  attached  a 
pair  of  tension  bars,  heut  in  the  form  of  a 
connecting-rod  or  hinge-strap.  These  were 
placed  one  over  the  other  in  the  bore-hole, 
and  between  tht?m,  at  the  extreme  end,  there 
wad  a  clearance  box  and  two  metal  presiding 
blocks,  between  which  was  forced,  by  the  ac- 
tion of  the  hydraulic  press,  a  split  wedge 
fifteen  inches  loug»  causing  a  lateral  expan- 
sion of  three  inches.  The  ram  was  then 
withdrawn,  and  a  second  wedge  was  inserted  I 
between  the  two  parts  of  the  first  wedge,  and  i 
was  forced  up  until  sufficient  expansion  was  I 
obtained  to  break  the  coaL  The  operation  I 
could  be  repeated  several  times  if  found  ne- 
cessary. The  whole  apparatus  would  weigh 
about  fifty  pounds*  The  hydraulic  press 
wa^  in  future  to  be  made  of  steel,  and  the  ' 
ram  would  be  cored  out.  In  practical  work- , 
ing  each  gang  of  colliers  would  be  provided 
with  the  tension  bars  and  tliree  wedges, 
while  the  presses  w«mld  be  under  the  charge 
of  the  men  who  at  present  occupied  the  po- 
sition of  firemen,  so  that  no  new  class  of 
labor  would  be  introduced.  Trials  had  been 
made  both  in  the  seven  feet  and  the  nine  feet 
seams  at  Hareeastle;  and  in  the  latter,  with 
three  wedges,  about  twelve  tons  of  coal  had 
been  brought  down  in  only  three  or  four 
pieces.  It  was  found  that  the  press  could 
be  applied,  and  the  blocks  brought  down,  in 
less  time  than  was  consumed  by  tiring  and 
waiting  tor  the  smoke  clearing. 

The  second  described  machine  was  by  Mr. 
C.  J.  Chubb.  He  thought  some  more  sim- 
ple and  practicable  means  of  getting  coal  by 
mechanical  puwer  could  bo  devised  than  the 
costly,  but  skilfully  contrived,  coal-eutting 
machines.  His  first  idea  was  to  apply 
wedges,  acted  upon  by  hydraulic  force,  but 
he    was  induced  to  abandon   that   system, 


owing  to  object ion»  to  the  i»c  f^f 
and  to  adopt  instead  an  apparatus;  roiutiiii 
of  twelve   plungers,  set  side   by  side 
steel  bar,  which  plungers^  wbeo  a«tod 
by  water  from  a  hydraulic  putnp,  wodd 
parate  the  bar  iu  which  tbey  were  *rt  ' 
another  bar*  formed  in  the  shape  of  % 
upon  the  plungers.     The  preasiDg  ap( 
was  25  inches  long,  and  it  wai  attu 
a   hydraulic  pump  by  a   tube  twi' 
length,  so  that  it  might  be  inwert^  i 
coal  to  a  depth  of  about  3  ft.  6  in, 
paratusi   with   the  cover  on,  was    1 
diameter.      When,   by   the    action 
pump,  the  plungers  had  reachiid   iheir  ii»l 
of  2 J  in.,  and  further  expansiou  wm»  iieed«d, 
the  plungers  were  reiuiily  brought  back  It 
their  first  position,  by  opening  an   ^-^^ 
cock  for  the  water  back   into  the  | 
vacuous  close   ves&el   out  of    which  *«.  "«» 
been  pumped,  when  a  liner  could  be  tixwrt*! 
between  the  plunger  and  the  cover ;  and  ika 
process    could   of  course    be    ro|:>e»tod.    U 
practice,  however,  it  was  found  t' 
expansion  of  2 J  in.  was  more  tl^ 
It  was  stated  that  the  colbf  h v. 
plungers  was  24  square  in*  L'  -. 
pump  could  exert  a  preasure  vi 
on  the  square  inch,  a  total  prr^ 
tons  could  be  brought  to  bear  on  th 
This  apparatus  had  been  tried  in  tli 
Wales  district,  where   the  coal  wa* 
most  varied  description.     It  wn»  i>[ 
that,  by  the  present  system  of  bli 
occupied  on  an  average  two  men  ten  tumn 
to  break  down  and  fill  into  trams  four  lofirt 
tons  of  coal,  of  which   twenty  p  ** 

**  small,"  and  the  remainder  inu<  i- 

On  the  other  hand,  with  this  appi^ii^Ui*  two 
men  could  readily  break  down  twenty  <*«« 
in    an    hour,   which    could    be    '  ^ 

loosened,  at  the  rat€  of  t€n  to:  ^  *!> 
per  day,  the  whole  of  the  coal  so  obtaiaeil 
consisting  of  large  solid  pitjccs.  Ap^^i'i-  ^'T 
the  present  system,  in  order  to  brt;* 
500  tons  of  coal  a  day,  from  a  **  fouf- 
scam,  a  **  face  "  of  600  yards  wa»  rtjquiKd, 
whether  as  "pillar  and  stall,*  or  a*  **lM3|f 
work  f  whereas  with  this  apparatui  ilw 
same  quantity  could  be  worked  from  SOO 
yards  of  **faee.*'  In  this  way  thi-ro  would 
be  less  space  requiring  to  be  vo'  *  i* 

working  operations  could  be   c  •« 

and  facilities  would  be  afforded  fwr  efievUftg 
economy  in  other  respects.  We  may  W" 
mark,  in  passing,  that  but  very  little  rtfe«i 
can  be  laid  upon  these  stAllg^ticu.  Tb» 
amount  of  coal  got  per  m&n  |)er  shift,  or  daji 


( 
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trcely  be  thus  emdely  stated  with  any 
ity  at  all,  and  must  vary  CDormously 
ircumstances ;  and  while  it  seems  here 
ated,  we  must  say  the  possible  per- 
ice  of  the  hydraulic  coal-splitter  seems 
0  want  confirmation  by  actual  trial, 
the  absence  of  that  to  appear  over- 
third  contrivance  was  that  of  Mr. 
n  Jones,  of  Blaina  Iron  Works,  New- 
Monmouth,  and  is  also  a  hydraulic 
litter,  differing  from  the  former  main- 
fchis — that  Mr.  Chubb*s  consists  of  a 
!  tabular  stem,  carrying  a  lone  row  of 
ilunger  plugs  along  the  length  of  its 
posite  sides,  like  the  suckers  upon  the 
168  of  a  cuttle-fish,  which,  being  in- 
into  a  4  in.  diameter,  or  thereabouts, 
*  or  auger  hole,  the  plungers,  by 
ig  in  water,  are  forced  out  in  opposite 
ons,  and  in  direct  contact  with  the 
Mr.  Chubb's  is  essentially  the  same 
iciple ;  but  one  range  of  plungers  is 
Bsed,  and  the  remaining  range  of 
in  place  of  being  forced  out  directly 
.  the  coal,  is  forced  out  against  a  sort 
ow,  trough-shaped  cast  iron  *' liner,'' 
lerior  of  which  fits  the  faces  of  the 
rs,  while  the  exterior  fits  the  inside  of 

IT  hole  in  the  coal, 
e  course  of  discussion  it  was  incidcn-  > 
aentioned   that  Mr.  Joseph  Brainah,  j 
enter  of  the  hydraulic  press,  had  pro- ! 
its  use  for   coal-splitting ;  the  form  i 
he  suggested  having  been  simply  that  | 
extremely  strong  bag  of  reduplicated  { 
*,  made  waterproof.     This  in  its  flue-  * 
kte  was  inserted   into  the  flat-shaped  i 
-cpared  for  it  in  the  coal,  and  water ' 
en  forced  in  until  the  distension  of  the  ; 
used  the  fracture  of  the  coal  in  the ' 
oA  of  least  resistance.    The  two  other  l 
Ig  methods  brought  before  the  insti-| 
we  need  but  briefly  allude  to,  as  one . 
)e  merely  placed  on  record  an  old  dc- 
'  one  of  the  members  fur  splitting  rock 
,  etc.,  by  means  of  a  conical  screw  of 
screwed     into     a    split     cylindrical 
it   iron    nut   of  considerable    length,  | 
d  into  the  bore  hole  ;  while  the  other  | 
ut  a  suggestion   for  diminishing  the  j 
lical  disadvantage  of  the  oblique  ac- 1 
f    Mr.    Bidder's    wedges,    by    means 
the  talented  suggester  himself  would 
ly,    on    more    mature    consideration, 
»n. 

,  we  must  make  bold  to  say  that  we 
kin  the  most  entire  want  of  confidence 


in  every  one  of  these  contrivances,  as  ma- 
chines ever  likely  to  be  brought  into  prac- 
tical use  in  coal  mining :  and  we  apprehend 
that  every  coal  viewer  or  mining  engineer, 
who  possesses  some  actual  experience  in  coal 
working,  must  come  to  the  same  conclusion. 
The  proposition,  in  fact,  common  to  all  three 
contrivances  is  really  this,  that  by  means  of 
large  holes,  four  to  six  inches  diameter,  of  a 
few  feet  in  depth,  bored  somehow  into  the 
coal,  in  directions  more  or  less  parallel  with 
the  plane  of  the  seam,  and  more  or  less  dia- 
gonal to  the  working  face,  and  by  the  inser- 
tion and  use  therein  of  these  hydraulic 
driven  wedges  or  plunders,  it  is  practicable 
(in  the  working  sense  of  that  word),  without 
anv  previous  other  work  or  preparation,  to 
drive  out  the  coal  bodily,  while  still  gripped 
firmly  between  its  seat  and  the  roof,  and 
cause  it  to  separate  and  fall  in  dislocated 
masses. 

We  shall  not  deny  the  possibility  of  doing 
this  in  some  seams  and  in  some  cases,  with 
nearly  level  beds  of  great  thickness,  and  of 
just  the  best  quality  of  coal  for  its  success- 
ful application;  but  we  do  entirely  disbe- 
lieve the  practicability  of  so  working  the 
vast  majority  of  coal  seams  in  this  or  in  any 
other  country.  Coal,  whether  thick  or  thin, 
deposited  in  water-saturated  strata,  to  whose 
cavities,  rugosities,  and  bendings  it  has  been 
moulded  beneath  enormous  pressure  for  ages 
in  action,  is  everywhere  obstinately  gripped* 
between  roof  and  seat.  When  the  seam  is 
enormously  thick,  and  most  suitable  in  re- 
spect to  hardness  and  softness  and  splitabil- 
ity  (if  we  may  coin  such  a  word),  it  is 
barely  possible  that  more  or  less  of  the  coal 
might  be  thus  forced  out  of  its  place,  leav- 
ing, however,  almost  certainly  in  every  case, 
more  or  less  of  it  adherent  to  the  roof  and 
to  the  floor.  But  if  the  seam  be  but  mode- 
rately thick  (say  four  feet  or  under),  if  the 
coal  be  soft  and  friable,  or  if  it  be  very  hard 
and  difficult  to  fracture ;  if  the  roof  or  the 
floor,  or  both,  be  of  hard  material ;  if  either, 
or  both,  be  uneven,  and  pitted  at  the  **  coal 
parting  "  with  them — or  if  the  coal  join  on 
direct  to  the  floor  or  roof,  or  both,  without 
any  thin  parting  seam  of  vegetable  charcoal, 
shale,  or  other  very  fissile  material — then  we 
feel  pretty  certain  that  such  attempt  to  drag 
or  push  the  coal  out  of  its  place,  as  it  were 
by  the  neck,  must  end  in  complete  discom- 
fiture, so  far  as  rapid  and  economical  work- 
ing are  concerned,  assuming  that  the  physi- 
cal possibility  he  conceded. 

It  comes,  then,  to  this,  that  if  we  are  to 
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split  coal  out  \n  large  blocks,  with  small 
wiiste  bj  dust  and  powdered  coal  and  slacks, 
we  must  free  it  firrfl  either  above  or  below. 
Wo  can  then  split  it  out»  do  doubt,  but  ctd 
Sojio  ?  what  will  be  the  une  of  w^edging  from 
behind  to  split  out  masses  of  coal  which, 
vrhen  once  properly  undermined,  will  rapidly 
fall  by  their  own  weight,  aud  then  dctaolicd 
from  roof,  floor,  and  **  heading  "  or  **  wall/' 
leave  nothing  to  be  done  but  to  break  them 
up  smaller,  and  to  size«  to  be  loaded  on  to 
the  **  corves,**  all  which  mu«t  be  done,  as  at 
present,  by  hands  in  any  case?  This  is  the 
case  with  all  moderately  thick  eoal  beds, 
even  though  they  be  perfectly  flat  and  level. 
It  is  much  more  the  case  with  highly  iu- 
clinL'd  bedi^,  like  those  of  Belgium  and  West- 
phiilia»  which  are  worked  on  the  long  wall 
system  from  the  under  tside,  and  along  *'thv 
strike "  of  the  beds,  and  from  which  the 
blocks  of  coal,  once  under  or  over  cut,  fall 
of  their  own  accord,  uftcn  but  too  readily 
and  suddenly* 

But  at  this  time  of  day  there  is  probably 
not  au  intelligent  and  well-informed  coat 
viewer  in  Great  Britain  (and  few  of  these 
gentlemen  are  not  both  one  and  the  other) 
but  is  prepared  to  admit  that  under-cutting 
by  coal-hewing  machinery  of  one  sort  or 
other  is  already  an  accomplished  faet,  and 
that  tirae»  and  not  a  long  time,  alone  is 
needed  for  the  wide -spread  i  n  trot]  uet  ion,  as 
a  matter  of  necessity,  of  eoal-euttiug  ma- 
chinery in  all  our  great  collieries.  Well, 
then,  we  have  the  coal  cheaply,  economically 
as  regards  the  waste  coal,  rapidly,  and  deep- 
ly under-cut;  we  cannot  get  rid  of  the  coal 
hewer,  he  must  be  there  to  direct  and  to 
fashion  to  a  portable  shape  the  huge  blocks 
got  out ;  he  is  on  the  spot,  thei*efore,  to  hole 
or  cross-cut  the  huge  blocks  as  these  drop 
from  the  roof,  artd  by  their  own  weight  part 
off  from  the  face  of  coal  behind;  of  what 
use,  then,  are  the  hydraulic  wedges,  or  hy- 
draulic plungers  at  all?  They  appear,  un- 
der such  eoiiditions  where  alone  they  can  be 
applicable,  as  simple  surplusage,  for  no  sane 
wan,  wc  presunjc,  will  imagine  the  physical 
powsibiiity  of  forcing  out  thm-seam  eoal 
labile  still  gripped  both  by  roof  and  seat. 

Thus  much  for  splitting  in  general,  and 
without  reference  to  the  mode  of  attempting 
it.  Granted  the  necessity  and  the  utility  of 
the  plan  of  working,  we  are  very  far  from 
being  satisfied  that  any  one  of  the  actual 
arrangemr^nts  proposed  even  approaches  the 
best  possible,  or  even  a  workable  form  at 
all,  for  the  purpose.      We  shall  not  go  Into 


details,  but  merely  adk  oar  prof^vM 
vie>ving   readers   to  ponder,   i- 
mooil,  upon   the  facilities,  or 
for  working  straight  and  r  i 

four  to  six  inches  diameti  j 
and  thicknesses  of  coal,  and  w 
ous    and    often    complicated 
which  the  workings  are  eireum 
We  ask  whether   these  hy^h- 
or  presses,  said  to  be  50  lb.  wt 
actually    much     nearer    pnibabn,    i 
brought   into  a  wi>rkable  form,  l<»  Ifitt 
weight    each,  and    which    must   he 
about  and  maniiallif  handled,  will  prm 
venient  ?     Whether  in  fri 
sible  eoal  much  more  of  tli 
will  not  be  absorbed  in   '     • 
I  close  by  to  powder,  than  ifi  -| 
J  more  remote?  and  whether,  i>i     5 
the  arrangements,  but   most    »  ^    > 
Bidder's  wedges,  a  prodigious*  ^ 

the  power   expended  be  not  l^   ....,) 
ways   wasted  ?  and  if  power  be  vtflt4 
any  machine,  time  is  wasttsd*  and  mfmij 
wasted. 

If  a  choice  is  to  be  made  b«t  v, 
lie    driven    wedges    and    hyrlr 
plungers,  between  the  power  ui  lu 
lie  cylinder,  which   may  be  at  onc' 
up  to  any  pressure  we  like  per  ftiju 
applied  direct  to  the  eoal,  or  ti>  ' 
wardly     exalted    by    the     inf 
wedges — we  are  compelled  to  - 
in  favor  of  the  simple  and  direct  app( 
of     the    hydraulic    plunger.      All 
driven  by  pressure  act  at  enormous  iin»rli*ii» 
icttl  disadvantage  as   wedges;  work  if 
lessly  absorbed   in  friction,  and  the  l(m  0 
produced  is  greater  as  the  angle  of  th«  we^^ 
is  less.      The  very  essence,  it   may  he  mU 
of  the  wedge  as  an  efficient  nn 
gine  depends  upon  its  being  li 
pressure^  hut  by  blmes.     At  each 
friction   of  rest,  constantly  cnrowr 
the  wedge  driven  by  pressure,  :  ^^* 

den  jar  converted  into  the  fricti  »• 

the  coefficient  of  which  for  the  samf  sarf*r«a 
and  pressures  is  usually  not  much  mart?  tbfl 
one-half  of  the  former. 

With  the  hydraulio  cylinder   -i^r.Ke.l  i!i> 
rcct,  the  real  limit  to  the  itn  '^ 

presr^ure  per  sf|u:ire  inch  of  |)rfH-iuL  ^un*c* 
is  that  of  the  crushing  coefficieut  of  thf  *•»' 
That  makes  the  limit  really  a  low  ont:,*^ 
hence  we  will  hazard  the  coujeetur«?  ii»»l 
were  these  coal-splitting  cuntrivauctv*  llkflj 
to  bo  called  into  arlual  use  %n^  practice,  «* 
would  probably  be  found  that  perhap*  ^ 
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Lbest  fomi  in  which  hydraulic  pressure 
be  applied  at  all,  mif^ht  prove  to  be  in 
tt  of  a  modification  of  Joseph  Bramah's 
giBil  leathern  water-bag.  We  have,  now- 
uays,  materials  and  methods  at  hand  for 
I  eoDStmction  of  flexible,  or  partially  flex- 
ie  baes,  into  which  water  could  be  forced 
lU  Ue  pressure  the  coal  would  safely  hear 
tknt  crushing,  such  as  were  unknown  in 
I  day,  and  the  structural  problem  presents 
r  difficulties  to  the  mechanical  engineer. 
m  the  whole,  and  in  conclusion,  however, 
continue  to  believe  that  it  is  the  perfcc- 
liiing  of  coal-cutting  machinery,  and  not 
6oal-4plitting  instruments,  even  though 
better  designed  than  any  that  we  have 
B  noticing,  that  we  ought  to  look  for  at- 
iDg  the  unquestionably  most  important 
I  of  saving  risk  by  limiting  the  use  of 
losives,  cheapening  our  coal-getting,  and 
loniiing  our  coal  itself. 

I  SPECTROSCOPE  IN  THE  BESSEMER 
PROCESS. 

«Ud  from  «  0«itr.  Zoitwhrift,"  and  adopted  bj 
Dr.  Adolph  Scbnidl. 

namber  of  years  ago,  when  the  Besse- 
process  first  began  to  regularly  produce 
trials  valuable  for  trade  and  practical 
the  difficulty  of  operating  the  process  in 
a  manner  as  to  obtain  by  it  a  metal  of 
kin  qualities  as  desired,  was  at  once  ro- 
iled. Besides  other  means  conceived  to 
ite  this  difficulty,  the  use  of  the  spcc- 
;ope  also  was  then  proposed  and  tried, 
as  expected  that  the  changes  in  the  ap- 
ftnce  of  the  Bessemer  flame,  which  take 
i  towards  the  end  of  the  process,  and 
h  are  evidently  due  to  chemical  changes 
le  constitution  of  the  metal,  could  be 
rvcd  more  accunitely  with  the  help  of 
8pectroscoi>e,  and  would  thus  make  it 
ibie  to  interrupt  the  process  at  the  prc- 
moment  when  the  re(|uircd  degree  of 
rburization  of  the  metal  is  obtained. 
>pears,  however,  that  the  results  of  these 
rimcnts  were  not  satisfactory,  from  the 
i  that  no  detailed  necouiit  of  them  has 
.  published,  and  that  the  use  of  the 
troacope  was  not  continued  afterwards. 
ut  two  years  a^o  Pn»ft»ssor  Liolegg,  of 
I  (Styria),  tcwk  up  this  matter  once 
5.  By  a  series  of  experimonts  made  by 
at  the  GratK  Bessemer  Steel  Works, 
published  in  1S()7  in  the  reports  of  the 
triau  Imperial  Academy  of  Science  (see 
ngler's  Polyt.  Journal,"  vol.  10,  18(17, 
Berg.  u.  hm.  Ztg.,"  18G7,  No.  12  and 


No.  48),  he  discovered  that  under  the  most 
different  circumstances,  and  with  the  most 
different  pi^  irons,  the  Bessemer  flame,  when 
analyzed  with  the  spectroscope  shows,  be- 
sides some  varying  and  accidental  lines  pro- 
duced by  accessory  constituents  of  the  pig 
iron,  a  constant  spectrum,  consisting  princi- 
pally of  several  groups  oif  black,  green  and 
blue  lines.  These  lines  are  not  to  be  seen  at 
the  very  beginning  of  the  process,  they  be- 
come visible  in  the  second  period  only,  when 
the  temperature  is  more  elevated  and  when 
the  carbon  begins  to  bum  in  a  more  lively 
manner.  They  remain  visible  and  bright 
until,  in  the  third  period,  they  disappear 
one  by  one,  simultaneously  with  the  diminu- 
tion of  temperature  caused  by  the  lack  of 
carbon  in  the  metal.  Professor  Lielegg  at- 
tributed this  spectrum  to  the  carbonic  oxide 
gas,  and  designated  the  single  lines,  accord- 
ingly as  C  Ott,  C  O  i3,  C  Oy,  etc.  He  also 
found  that  the  observation  of  the  gradual 
disappearance  of  these  lines  has  a  practical 
value,  because  not  only  the  moment  of  near- 
ly complete  decarburization  (what  is  called 
"the  change*'  by  practical  Bessemer  men) 
can  be  determined  more  accurately,  but  also 
because  different  kinds  of  products  may  be 
obtained  by  making  the  interruption  of  the 
process  dependent  on  the  disappearance  of 
the  one  or  the  other  of  the  said  lines  of  the 
spectrum.  Thus  the  spectroscope  came  into 
regular  use  at  the  Gratz  Bessemer  Works. 
The  results  obtained  at  Neuberg  (Styria) 
were,  however,  widely  different  from  the 
above.  The  Neuberg  works  convert  almost 
exclusively  their  own  pig  iron,  which  contains 
a  considerable  amount  of  manganese  (three 
and  a  half  per  cent).  This  iron,  in  being 
converted  by  the  Bessemer  process,  develops 
towards  the  end  of  the  charge  an  opa<|ue 
flame  full  of  white  smoke.  This  smoke  is 
the  thicker  and  the  less  transparent,  the 
hotter  and  better  the  charge.  By  inserting 
a  wrought  iron  pipe  terminating  in  a  receiver 
into  the  mouth  of  the  converter  towards  the 
end  of  a  charge,  Professor  Kupelwieser  suc- 
ceeded in  obtaining  a  certain  quantity  of  the 
solid  matter  which  constituted  this  smoke. 
Mr.  Schoffel,  wlio  analyzed  it,  found  it  com- 
posed of — 

Si  O,  (Silicic  «cid) 34.8r> 

Mn  0  (Prutoxide  <»f  insmKancsc). .     48.28 
Fe  O  (Protoxide  of  iron) 10.29 

91».88 

This  smoke,  which  seems  to  be  principally 
due  to  the  presence  of  a  considerable  (\uau.- 
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tity  of  luftnganeae  volatilized  at  &  very  high 
temperature,  ns  silicate  or  a^  protoxide,  oov- 
ers  the  Bessemer  flame  in  hot  and  good 
charges  to  such  a  degree  that  the  observa- 
tion of  the  "  change  "  becomes  often  extrenre- 
ly  difficult,  and  it  is  proved  by  numerous 
experim*?ntst  that,  in  this  case,  the  spectro- 
scope i&  of  no  use  whatever,  because  the  Bea- 
ficmer  spectrum  then  disappears  completely. 
It  has,  besides,  been  noticed,  that  even  in 
less  hot  and  less  smoky  charges  the  spectrum 
is  only  vi8ible  intermittently,  and  often  dis- 
appears before  the  iron  is  near  the  point  of 
complete  deearburization.  In  such  a  case 
fipectroscopic  observation  is  not  only  useless, 
but  can  lead  into  errors  and  mistakes. 

However  the  spectroscope  is  still  in  regu- 
lar use  at  Gratx,  and  Ternitz,  in  Austria*  at 
Mttximilianshutte,    in    Bavaria,   at    Marien- 
hiitte,  in   8axony,  and  some  other  (.Ternmn 
Bessemer  works  which  do  not  convert  nian- 
ganesie  pig  irons*     But  few,  if  any,  of  these 
works  Uiake  their  operations  exclusively  de- 
pendent on  the  spectral  indications.      It  has 
been  mentioned  above  that  Professor  Lielegg 
considers  the  Bessemer  spectrum  as  identi- 
cal with    the  spectrum   of  carbonic  oxide. 
Profesiior   Kupelweiser   has   expressed    the 
same  opinion.     But  Mr,  Brunneft  au  Aus- 
trian  metallurgist,  has  shown  in  No.  29  of 
the  **Oestr.  Zeitschr.,"  1808,  that  this  view 
10  incorrect.     According  to  Lielegg's   own 
investigations,  carbonic  oxide  gas  when  burnt 
with    oxygen    produces,    under    all    eircum- 
Ftances,  a  continuouM  sped  rum  without  any 
light   or   dark   lines.     Liologg  attempts   to 
explain  the  different  a]>])earauce  of  the  Bes- 
geiner  spectrum  by  the  higher  temperature. 
It  i»,  however,  not  probable  that  the   tem- 
perature of  the  Bessemer  flame   should   be 
higher  than  that  of  a  flame  of  carbonic  oxide 
mixed  with  oxygen  in  Daniel  Is*  et»ek,      Be- 
«id«*is  some  of  the  characteristic  lines  of  the 
Bessemer   spectrum  have  been  observed   in 
the  (lame  which  is  produced  by  the  heating 
nf  t.h(»  converter  previous  to  the  charge,  when 
<*Tideiitly  a  tt?mperature  as  high  as  the  one 
Tkod  dt)t*s  not  exist,     Brunner  has  also 
n*d,   that   no   part   of  the    Bessemer 
Hi  is  ever  visible  in  the  flame  when 
virter   is   heated    for   the  tir^t   time 
•dined,  but  that  when  the  lining 
NO  group  of  lines  called  C  Uy  by 
ar  In  the  green  part  of  the  apec- 
*l^^'n   contains  also  the  lin«s  of 
II*  and  lithium,     Mr.  Brun- 
•  Mr],>,    irom   these   facts,   that    thin 
>'»  i»  iMit  to  be  identified  with  that  of 


carbonic  oxide,  but  must  be  pri>dtu^  \ 
other  constituents  of  the  pig  iron,    Inf 
considering  that  it  would  be  ri  r-    *- 
iron   and   maugane^  wmild   i< 
spectrum  at  so  high  a  t 
it  probable  that  the  Br 
ci pally  produced  by  tl 
several  of  Lielegg's  \' 
incide  with  the  black  iron  liut^  ;^dilQ 
Prof  KirchofF,  of  Heidelberg,  whf»  f? 
the  inventors  of  the  spectrum  m  \t 

Lielegg's  line  C   Ot/,   which   i- 
and  situated  so  near  the  potassium  ime  I 
that  both  lines  almost  appear  like  od«  f 
bund,   corresponds   to   the   violet  him 
Mn^,  in  the  spectrum  of  in*'»"*""  -       ^^ 
ner  besides  suggests  that   !  p| 

lines,  COB  and  C  Oj,  tm^»n    im 
with    the    yellowish    and    grceu    ntan 
lines,  MOj,  iMn^,  Mn,  and  Mn^. 

This  suggestion  has  been  fully  v^^rifi 
more  recent  investigjitions  mad 
in  December,  18(18.     As  ihi-^c 
have  been  made  in  a  peculiar 
cially  adapted  to  compare  two   i 
tra  with  the  greatest  accuracy,  thuj*  ta  i 
tain  some  suppo.sed  total  or  inirtiAl  iil 
we   here   reproduce  a  short    desertpti<iaf 
them,    as  published  by  Mr.  A   *^    '  • 
felft,   in  *^Oestr,   Zeitschr,/'    : 
The  instrument  used  for  the 
pocket  spectroscope  of  the  m 
M.  Hoffman  in  Paris.     It 
six  inches  long  and  threo->| 
in  diameter,  containing  twu  ji 
glass,  three  prisms  of  crown   l 
lens.     The  latter  is  plaoeil  ni 
the  tube,  opposite  the  slit  thrun^ 
rays  of  light  enter.     Its  object  is  Mi 
the   rays  parallel,     A  small   t«*lo«cfi|i»  i 
four  lenses  is  attached  to  the  other 
this  tube  by  means  of  a  joint    '  ■    ' 
motion  of  which  any  desired  ^ 
be   directed   to   the    center  ol    ui* 
view.     A  small  glass  prism,  abour 
teenths  of  an  inch  long,  can  at 
tached  to  the  uutsidc  of  the  r. 
front  of  the  slit,  covering  on! 
the  latter,  so  as  to  allow  of  th* 
observation  of  two  sources  i4  light. 

The   light  of  the  Bessemer  flr^mr  j^^^^ff^ 
through  this  glass  prism  by  r*  ' 
part  of  the  slit,  through  the  , 

which  enter  the  rays  of  another  wcU  known  j 
source   of   light,   prcparetl    for  .-..niriri^aw 
Thus  the  spectra  of  both  H>urr  ^^ 

pear  side  by  side  in  the  field  *«V  v«^"    ■  ^* 
telescope,   and   if    an   elementary   M^  '^ 
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r  present  in  both  flames,  the  charac- 
;  lines  of  that  body  must  correspond 
r  in  both  spectra,  because  the  rays 
oth  lights  enter  through  the  same  slit 
e  refracted  by  the  same  prisms.  This 
nost  reliable  method  of  analysis  by  the 
)scope.  The  bodies  destined  for  com- 
1  are  dissolved  in  alcohol,  and  the  so- 
is  poured  with  a  spoon  on  a  small  dish 
inuni,  heated  to  a  white  heat,  where  it 
r  evaporates.  It  is  very  important  to 
«  a  flame  as  hot  and  bright  as  possible ; 
would  be  difficult  to  see  a  weak  spec- 
.t  the  side  of  another  one  as  bright  as 
'  the  Bessemer  flame. 
make  a  comparative  experiment  with 
scribed  instrument,  at  first  the  exterior 
irism  has  to  be  fixed  to  its  place ;  after 
.e  whole  apparatus  is  set  in  such  a  po- 
that  the  spectrum  of  the  Bessemer 
can  be  seen  through  the  tube ;  after- 
the  platinum  dish  is  placed  in  front  of 
iject-glass  and  heated  by  a  lamp,  and 
the  testing  fluid  is  poured  on  the  dish. 
ig  alcohol  produces  no  other  but  the 
1  line.  The  spectra  of  calcium  (here 
le  of  calcium)  and  .of  copper  (here  ni- 
>f  copper)  were  compared,  but  did  not 
le  with  the  Bessemer  spectrum.  But 
ectrum  of  manganese  (here  chloride  of 
nese)  corresponded  perfectly.  This 
am,  according  to  Sinimler,  consists  of 
•road  green  bands  and  one  violet  blue 
Luated  quite  near  the  potassium  line  of 
me  color.  These  green  bands  appear 
Besxiemcr  spectrum  as  groups  of  green 
in  an  exactly  corresponding  position, 
if  these  groups  of  lines  are  very  dis- 
the  two  others  which  are  situated 
the  blue  field,  arc  less  bright.  The 
power  of  the  instrument  was  not  suffi- 
to  show  the  violet  blue  line  distinctly 
cr  of  the  two  compared  spectra.  How- 
lie  main  part  of  the  question  is  solved 
«e  experiments,  and  it  is  proved  that 
Msemer  spectrum,  in  its  principal  and 
iteristic  features,  is  not  the  spectrum 
'boDic  oxide,  but  that  of  manganese. 
Jie  change  *'  in  the  Bessemer  process 
»  the  exterior  signs  which  indicate  the 
:  complete  removal  of  the  carbon  from 
9tal)  oould  only  be  made  dependent  on 
tnim  produced  by  carbon  or  its  com- 
s,  the  use  of  the  spectroscope  in  this 
B  has,  in  fact,  no  general  and  scientific 
ition,  bnt  is  based,  wherever  it  is  used 
neceitf,  on  the  happy  coincidence  that 
eater  part  of  the  manganese  is  removed 


from  certain  kinds  of  pig  iron,  when  subject- 
ed to  the  pneumatic  process,  at  about  the 
same  time  as  the  main  part  of  the  carbon. 


THE  COMPOSITION  OF  CEMENT& 

From  <*  The  Building  News." 

The  value  of  all  cements  must  of  neces- 
sity depend  upon  their  composition.  There 
are  two  distinct  kinds  of  cement,  with  three 
distinct  names — the  calcareous,  the  hydrau- 
lic, and  the  plastic.  The  calcareous  is 
everywhere  known  by  the  name  of  mortar, 
or  that  mixture  of  lime  and  sand  commonly 
used  for  building.  The  hydraulic  cements 
are  those  which  will  set  under  water,  and 
the  plastic  cements  are  such  as  are  applica- 
ble to  plastering  and  stuccoing.  Of  Ipne 
there  are  many  varieties,  each  of  different 
merits.  Vicat  classified  them  as — 1,  rich 
limes  ;  2,  poor  limes ;  3,  limes  slightly  hy- 
draulic ;  4,  hydraulic  limes;  5,  highly  hy- 
draulic limes.  As  there  are  difi'erent  quali- 
ties of  limes,  so,  of  course,  there  must  be  of 
limestones.  It  has  long  been  held,  and  uni- 
Tersally  proved,  that  the  harder  the  ingre- 
dient the  better  the  quality  of  the  lime;  that 
the  best  materials  are  those  that  dissolve 
the  quickest,  heat  the  most  in  slaking,  and 
fall  into  the  finest  powder.  It  should  be 
remembered,  however,  that  each  variety 
yields  a  lime  of  different  quality— different 
in  color,  in  its  power  of  absorbing  water, 
and  varying  in  weight  and  in  hardness.  The 
rich  limes  are  the  purest  oxides  of  calcium  ; 
they  increase  to  double  their  bulk  in  the 
process  of  slaking,  which  is  not  the  case 
with  poor  limes.  Limestones  containing 
from  one  to  six  per  cent  of  foreign  sub- 
stances, such  as  silica,  alumina,  magnesia 
iron,  etc.,  yield  rich  limes.  The  limestones 
ma}*^  differ  in  appearance  and  in  texture,  yet 
if  well  calcined  tlie  lime  will  be  the  same. 
Soft  chalk,  hard  ragstone,  or  marble,  yield 
equally  good  lime,  since  the  calcium  they 
contain  is  the  same  mineral.  Chalk,  how- 
ever, generally  contains  water  irregularly 
distributed,  and,  not  exhibiting  the  same 
change  that  marble  or  stone  does,  it  is  fre- 
quently unequally  burned,  and  therefore 
slakes  imperfectly.  Dr.  Higgins  states  that 
lime  made  from  chalk  absorbs  the  carbonic 
acid  more  rapidly  than  that  made  from 
stone,  but  the  experience  of  others  (the  late 
Mr.  Arthur  Ashpitcl  notably)  has  not  favor- 
j  ed  this  conclusion.  The  mode  of  burning 
I  varies,  but  the  general  result  is  the  same. 
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The  resulting  qtiieklirae  is  lighter  than  the 
original  stODC,  and  differs  essciitiiiUy  from  it. 

Poor  limos  are  obtained  tVom  linioBtones 
which  ontain  silica,  inagnesift,  manganosc, 
or  njettillic  oxiden.  These  foreign  sub- 
stances are  present  to  the  extent  of  from 
15  to  30  [ier  cent.  TLey  do  not  slake  free- 
ly^ and  they  are  more  liable  to  vitrify  in 
burning*  Oysters  or  cockle  shells  are 
found  to  vitrify  more  eai^ily  than  limestone 
or  chalk  when  snddenly  heated,  which  is  at- 
tributed to  their  saline  matter,  for  when 
they  have  been  long  exposed  to  the  weather 
they  do  not  so  easily  vitrify.  In  proportion 
n»  limestone  contains  gypseous  or  argillaee- 
ons  particles  doe?*  it  vitrify,  Lin*  est  ones 
containing  ninch  silica  swell  in  settings  and 
way  dislocate  the  masonry  executed  with 
them.  If  alumina  be  in  excess  the  lime  is 
apt  to  shrink  and  crack.  If  carbonate  of 
magnesia  he  combined  with  carbonate  of 
lime,  as  is  the  case  in  magnesian  limestones, 
the  original  bulk  is  retained. 

The  mixture  of  hard,  sharp  particles- — the 
Harder  and  sharper  the  better — is  necessary 
for  varinus  reasmis.  It  facilitates  the  set- 
ting of  the  n)ortar,  it  renders  it  much  harder 
and  much  more  adhesive,  and  saves  expense. 
Three  kinds  of  sand  are  used  in  building 
purposes,  but  only  two  are  employed  for 
cements,  Uiver  sand  and  pit  sand  only 
should  be  admitted  into  the  composition  of 
mortar,  and  the  former  is  preferable,  as  it  is 
free  from  clay.  Fit  sand  should  be  well 
washed.  CruHbed  quartz  or  flint,  from  its 
sharpness,  has  been  ennsidered  to  be  the 
best  material.  Many  builders  use  road- 
drifts,  atid  have  foiinrl  it  to  be  a  fair  substi- 
tute for  sand,  and  withal  economical.  The 
Romans  used  burnt  clay,  in  the  form  of 
pounded  brick*  very  extensively;  and  the 
present  method  is  to  throw  up  clay  mixed  in 
any  fuel  in  loose  heaps  and  burn  it  slowly 
Hurnt  clay  was,  indeed,  largely  used  and 
advocated  in  France,  Used  as  hydraulic 
mortars  in  large  public  works,  it  was  found 
that  the  action  of  sea-water  soon  made  them 
crumble  to  powder;  and  it  was  only  in  iresh 
water  that  the  mortar  stood  well.  Slag 
from  furnaces  and  the  scoria*  from  the  iron- 
works have  also  been  used  for  sand ;  the 
latter  not  so  frequently*  on  account  of  the 
iron  found  in  it.  Coal  cinders  have  been 
used,  but  not  with  much  success,  and  wood 
cinders,  which,  howcver»are  found  to  be  too 
alkaline  for  the  purpose.  These  materials 
have  a  con>iderable  effect  in  hastening  the 
Absorption  of  the  moiMure  and  facilitating 


the  setting  of  the  limes  with  which  iSbfj 
'used.     Puziuolana — ^so  called  bcraitJir 
I  ginally  found   in   the  vicinity  of  I* 
[near  Naples — is  a  volcanic  maieritL 
following   analyses    of   this   n 
I  given    by    Professor  Anstcd  ii 
I  Lectures  at  the   Society  of  ArU  m  \ 
Wo  observe  that  they  vary  a  trifle  htm 
analyses  given  by  the  French  writers: 
PuxRuoUno        ^i^^* 

Silica Uh 

Alumina 160 

Liaie.  , SM  Z^ 

Magnesia U  10 

Iron  oxide 1 2.0  ftfl 

Potash lA  T<J 

Soda 40  }A 

Water   9.2  »i 

The  French  writers  consider  that  i* 
ture  of  common   lime   with    thej^e  < 
should  be  one  of  pounded  lime  to  t' 
half  of  pUKZUolano,   or  to    two  of  ' 
terrass),  or  one  of  lime  to  one  of 
one  of  puzzuolano.     The  matter, 
is  largely  one  of  economical  c.i 
A  good  test  of  the  purity  oi 
most  important  one,  is  the  homi*h 
of  rubbing  it  between  thcr  bands      U  . 
I  tit  for  use  as  mortar  it  will   not  noil 
!  hands,  and   will   bo    free  from  odor. 
Iliggins,  whose  experiments  on  nand* 
made  him  an  authority  on  the  i^uV 
I  pointed    out    that    mortar    made  m 
I  whose  grains  were  about  equal  in  sixc  Mid 
I  globular,    could    not    be  so    strong  at  anj 
period  of  induration  as  that  which  i^  "aii^ 
ed  with  as  much  fine  sand  as  can  cunily  b« 
received   into  its   interstices,   in  order  tfcit 
the    lime    may    cement    the    grains  hy  tli 
greater    number   and    extent  of  their  cc«o* 
tiguous  surfaces,"     He  aUo  states  Uial 
sand  that  passes  through  a  sieve  m 
is    finer   than  that   which    may    bo 
through  the  same  sieve  when  dry*    Smd  a 
never  non-absorbent  and  imp«    "  *    ''     ^\ii 
therefore   it  is   needfiil    it    sir  "' 

when  used  for  building  purpui^x  Tfct 
mediaeval  builders  knew  this^  and  betiee  tke 
fine  characters  of  their  masonry. 

The  results  of  experiments   made  hy  Dr. 
Higgins,  and  detailed  at  some  ^o 

work — now,  we  believe,  out  ot  ,  - '  « 

considerable  importance.  Very  brifid<'«>«* 
mariaed,  they  may  l>c  thus  stated :  Tw  i** 
tersticial  spaces  in  sand  are  greatly  lasnm 
'  by  wetting  it ;  therefore  ho  dctcrmia*'*!  h 
using  it  for  mortar  to  wet  the  «wid  torn* 
pletely.  It  was  thus,  too,  that  the  air  wi» 
^easily  espeUed,  and  the  lime  iH|oaU/  ^^ 


VAN  NOSTRAND'S  ENGINEERING  MAGAZINE. 


511 


wlf  in  the  spaces  by  a  little  heating; 
n,  as  he  says,  the  water  is  added  to 
ire  of  lime,  powder,  and  sand,  the 
itangled  in  the  lime  paste,  and  can- 
hout  a  great  deal  of  heating,  be  to- 
cssed  oat  of  the  plastic  mass.  As 
ss  of  water  is  injurious  to  mortar, 
found  to  be  an  excellent  way  to 
:  the  quantity  used,  *'  for  the  portion 
water  which  fills  the  spaces  in  sand, 
be  held  by  capillary  attraction  in  a 
.p  of  it,  is  precisely  the  quantity 
lakes  well-tempered  mortar  with  one 
the  best  slaked  lime  and  seven  of 
sand.**  Other  investigations  show- 
there  were  two  kinds  of  grains, 
)r.  Higgins  denominated  *' sharp" 
d  "  round  "  sand.  The  conclusion 
is  experiments  goes  to  show  that  the 
'  of  lime  which  forms  a  mass  some- 
astic  with  sand  and  water,  is  the 
quantity  necessary  for  making  the 
rtar  from  such  sand.  Any  further 
'  of  lime  would  be  useless  in  the 
sands  and  injurious  in  the  finer, 
essary  plasticity  is  induced  by  the 
quantities  of  lime.  The  grains  of 
1  are,  he  says,  held  asunder  by  the 
!»te  to  a  greater  distance  than  they 
rater,  and  ''the  reason  why  the  finer 
[uires  more  lime  than  the  coarser  and 
and  is,  that  the  spaces,  which  are 
umerous  in  fine  sand  than  in  the 
ire  more  augmented  in  the  whole 
'  of  them  by  the  particles  of  lime 
ntercede  alike  the  coarse  and  fine 

ave  already  said  that  river  sand,  or 
is  the  best  of  all  the  kinds  of  sands 

building  purposes.  Pit  sand  is  too 
I  not  so  sharp  and  gritty.     Coarse 

sands,  then,  should  be  mixed  in  or- 
btain  a  good  cement,  since  the  finer 
U  the  interstices  of  the  larger,  and 
to  consolidate  the  whole  mass.  The 
-edients  should  not  be  mixed  before 

but  the  bulk  of  the  water  should  be 
to  the  »<and  before  it  is  mixed  with 
B,  Dr.  Iliggins'  experiments  teach- 
hat  in  this  way  the  air  is  more  easily 
[  from  the  mass,  and  the  mortar, 
e,  is  of  a  more  endurable  nature, 
eing  so,  the  common  practice  of 
I  builders "  in  running  up  new 
to  use  sands  without  first  washing 
idved  to  use  any  kind  of  rui)l>ish — 
ixed  with  organic  matter — is  dis- 
le.      Surely,    when    the    materials 


**  found  on  the  spot "  are  used,  it  is  only 
common  honesty  to  regard  their  quality,  and 
to  remove  from  them  the  deleterious  matter 
with  which  they  are  charged. 

It  is  important  that  all  water  used  in 
making  cements  should,  at  least,  be  fresh. 
In  any  case  it  should  not  be  polluted,  stag- 
nant water.  All  vegetable  and  organic 
matter  should  be  as  much  excluded  from  the 
water  as  from  the  sand  into  which  it  is 
thrown.  Ordinary  water  contains  some 
acidulous  gas,  and  therefore  it  has  been  re- 
commended that  no  water  should  be  used 
until  the  gas  had  been  freed  from  it.  After 
making  several  experiments,  it  was  found 
by  Dr.  Higgins  that  lime  water  is  far  pre- 
ferable to  any  other.  On  comparing  speci- 
mens of  mortar  made  with  the  best  lime 
slaked  with  river  water,  and  sand  and  water, 
and  spread  on  tiles  soaked  in  water,  with 
other  specimens  made  with  the  same  propor- 
tions of  lime,  but  slaked  vntk  lime  watery 
and  sand  and  lime  water,  and  spread  on 
tiles  previously  soaked  in  lime  water,  the 
latter  at  every  stage  of  them  were  sebsibly 
harder,  and  they  adhered  to  the  tiles  better 
than  the  former.  He  adds  that  he  had  good 
reason  to  be  persuaded  that  the  extraordin- 
ary induration  would  proceed  in  time 
through  the  whole  mass.  Of  course,  it  is 
not  difficult  to  adopt  this  plan,  since  lime 
water  is  readily  made  by  dissolving  lime  in 
large  casks  or  tanks. 

We  have  thus  considered  the  main  prin- 
ciples which  affect  the  three  ingredients  of 
mortar — the  lime,  which  is  the  cementitious 
medium,  the  sand,  which  is  the  matter  to  be 
combined,  and  the  water,  which  is  the  com- 
bining element  or  agent.  We  have  now  to 
look — space  compelling  us  to  do  it  with  the 
utmost  brevity — at  what  preachers  would 
call  a  few  matters  of  application.  The  mor- 
tar must  be  durable ;  free,  by  its  very  com- 
pactness, from  damps  and  atmospheric  in- 
fluences, and  thus  those  much  dreaded  ene- 
mies, expansion  and  contraction,  avoided. 

These  results  are  alone  attainable  by  at- 
tending to  the  judicious  combination  of  the 
various  ingredients.  Given  pure  materials, 
the  best  combination  is  proved  to  be  one 
part  of  lime  to  five,  six,  or  seven  parts  of 
sand,  the  latter  varying,  of  course,  with  its 
nature.  Pit  sand  requires  more  lime  than 
sharp  river  sand  or  clear  road  drift.  Coarse 
sand  requires  less  lime  than  fine  sand.  Mor- 
tars made  with  common  fresh  lime,  or  with 
well  burnt  lime,  but  containing  only  one 
ounce  (say)  of  lime  in  six  or  more  of  sand. 
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have  been  fountl  by  some  experimenters  to 
be  the  best.  An  excess  of  lime  may  dispose 
the  mortar  to  crack.  According  to  Dr. 
Hrggin»,  the  highe^^t  proportion  of  lime  to 
coarse  Thameii  jsand  which  may  be  used  with 
siitety  dependi^  on  the  eireumrttancea  in 
which  the  mortar  \s  to  be  exposed,  '*  No 
more  than  one  part  of  lime  to  laevcn  of 
course  sand  ought  to  be  used  in  mortar 
wbieh  is  to  dry  quickly,  and  less  lime  may 
not  be  used  because  it  does  not  render  the 
mans  sufficiently  plastic  for  building  and  in- 
crustation.** At  the  !*ame  time,  if  a  larger 
proportion  of  Hnie  be  used,  it  should  be  only  i 
when  the  mortar  cannot  dry  so  cjuiekly  us 
when  exposed  to  the  sun.  But  hasty  drying, 
it  has  been  proved,  fref|uently  injures  mortar. 
Then,  agiiin,  if  the  lime  bo  earelesdy  or  im- 
perfectly miinutWrured,  the  mortJtr  cannot 
be  other  than  imperfect.  The  lime  should 
be  screened  about  half  an  hour  after  the 
workmen  have  throwu  the  water  upon  it. 
When  they  slake  lime  mixed  with  sand  or 
gravel  In  great  huaps,  without  screening  it— 
which  is  more  frequently  done  than  not^ — 
the  mortar  is  not  likely  to  be  very  good. 

Lime  very  quickly  imbibes  the  acidulous 
ga^  which  has  been  expelled  after  burnitig  if 
it  be  exposed  to  the  air.  Indeed,  it  cannot 
long  preserve  itsvirtues  without  confinement 
in  air-tight  vessels.  Experiments  have  de- 
monstrated that  lime  undergoes  changes 
quickly  ;  indeed,  well  burned  chalk  lime, 
kept  in  a  dry  room,  will  imbibe  about  a 
pound  of  acidulous  gas  in  three  weeks  in  the 
summer  months,  so  that  the  longer  it  is 
krpt,  the  worse  it  beeomes.  Workmen  are 
apt  to  think  it  is  sufficient  to  keep  the  lime 
dry,  and  store  it  in  rieketty  barrels.  This 
is  not  the  case.  Lime  may  be  greatly  itn- 
poverished  witout  slaking  sensibly.  **  The 
superficial  parts  of  any  parcel  of  lime. 
which  fall  into  fragments  or  powder  without 
being  wetted,  and  merely  by  exposure  to 
air«  are  quite  unfit  for  mortar,  since  this 
does  not  happen  until  they  have  imbibed  a 
great  deal  of  acidulous  gas."  To  prevent 
common  cements  beiiig  bad  or  imperfinH, 
the  lime  should  not  be  exposed  a  great  while 
before  it  is  converted  into  mortar-  If  this 
be  not  donc>  the  lime  will  be  reduced  into  a 

fierishallc  kind  of  whiting;  indeed,  bad 
imo,  bad  mortar*  Imperfectly  burned  ond 
nnprolected  limo  will  only  give  a  builder  a 
poor  article,  and  we  are  writing,  of  course, 
for  ihose  who  do  esteem  a  good  common 
nenicnt ;  and  the  quicker  it  is  used,  and 
tha  less  exposed  to  the  deteriorating  influ- 


ences of  the  atmosphere,  tb©  bcOf  r  imtrfi 
will  it  be. 


ENGINEERING  CHEMISTS'. 

From  **  Enisineering^"^ 

Chemistry,  though  the    grar 
sciences,  and  scarcely  older  tl. 
sent  century,  is  probably  second  U^ 
the   importance    of    its     bearinir  ' 
branches  of  industry.     But,   ii 
ing  this  fact,  the  cultivation  < 
as  a  science  is,  in  this  country,  left  eoi 
to  the   accidental    interest    of  indivi*} 
and   it  is  almost  exclusively  in  co 
with  mt^dicine  that  the  principleii  - 
istry  are  taught   at  any  of  our  edr 
establishments.     We  have  not.  : 
try,  a  single  chair  of  general  .^ 
istry,  and,  with  the  exception  ut  ?rjr  jjt 
sorship  of  metallurgy  at  the   Royal 
of  3Iines,  there  is  no  provision  for  Uautl 
the  special  application  of  ('hf*TJM*ffT  ttt 
branch  of  industry.     Th<* 
able  chemists,  their  functt 
tirely  educational,  or  they  cultiva' 
istry  merely  as  amateurs,  while  tbv 
tion    of  chemical   knowledge    and 
industrial  art  is  so  far  from  \mv  '• 
as  a  profession,  that,  like  cngii; 
tury  ago,  it  is  a  pursuit  offering  m 
nitc  prospect  to  those  who  might  b< 
to  folluw  it,  and  one  that  is  t  ' 
under  chance  circumstances, 
ever,  of  opinion  that  there  is  t 
for,  but  a  great  need  of,  a  ola- 
tent  chemists  who  would  devott?  tip 
to  the  practical  applications  of  thi^ 
and  to  whom  manufacturers,  ♦  1 
others,   could   safely   apply   for 
assist anee  in  cases  involving  the  e« 
tion  of  chemical  principles  and  kn^n   -  ^ 
Among  engineers   generally  it   b,  in  ^'^ 
country,   very   seldom   that  any   grfttt  «* 
qunintance  with  chemistry  fs  to  be  lutflwttk; 
and  even  manufacturers,  as  a    '         '       * 
generally  possess  such  an  amci 
cal  knowledge  as  would   be  *i  ^ 

necessary  for  the  most  efficivt  *'^ 

their  arts.  Nor  can  it  be  < 
either  engineers  or  manufactnr 
any  case  become  so  far  master-  7 

as  to  supercede  the  neoeasity  t  '^^ 

assistance  from  those  who  havi  '^ 

voted  themselves  to  the  study  u:  ....  : '^ 
in  its  practical  bearings-  One  of  ik*'  tafi^ 
serious  obstacles  that  stand  in  the  waj  '» 
the  formation  of  any  such  claj»«  «f  prytt'> 
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•nal  chemists  as  we  have  referred  to,  is 
i  absence  of  any  criterion  by  which  the 
npetence  of  chemists  may  be  judged  of, 
i  qualified  men  distinguished  from  the 
St  of  quacks  and  charlatans  who  dub 
^mselves  chemists.  Consequently,  the 
I J  thing  by  which  the  public  can  be 
ided,  itf  the  fact  of  a  chemist  holding  some 
sition  or  office,  of  which  there  are,  in  this 
iDtry,  hardly  any  which  are  not  purely 
Dcstional.  £ven  those  are  very  few  coni- 
red  with  the  want  that  exists  for  sound 
smieal  teaching,  and  those  few  chiefly 
I  to  the  lot  of  chemists  who  devote  their 
ention  to  abstract  chemistry  rather  than 

ita  practical  application.  We  do  not 
•tend  to  say  how  any  wider  criterion  of 
smiesl  competence  is  to  be  established, 
t  we  do  not  hesitate  to  express  the  opinion 
It  it  is  Tery  much  needed  at  the  present 
le. 

As  regards  more  especially  the  applica- 
n  of  chemical  knowledge  to  engineering, 
sre  are  unquestionably  many  branches  of 
is  profession  in  which  it  would  be  of  the 
ftateat  value,  and  somewhere  it  is  indispen- 
ble.  Thus,  for  instance,  in  regard  to  the 
bject  which  is  probably  the  greatest  engi- 
eriDg  problem  of  the  time,  viz  ,  the  disposal 
d  atilisation  of  town  refuse,  and  the  waste 
odncts  of  manufactories,  etc.,  together 
th  the  maintenance  of  rivers  and  other 
Bomulations  of  water  in  a  proper  condi- 
in,  both  as  means  of  communication  and 
urces  of  water  supply  for  towns;  it  is  ini- 
ssible  that  it  should  be  properly  dealt  with 
tleas  the  chemical  aspect  of  the  subject  is 
lly  considered.  Indeed  the  many  serious 
lis  arising  from  polluted  rivers,  sewage 
flection,  and  the  waste  material  that  would 
i  of  service  in  maintaining  the  fertility  of 
nd,  arc  in  a  great  measure  to  be  ascribed 

the  one-sided  views  under  which  the  pre- 
nt  system  of  disposing  of  town  refuse  by 
ater  carriage  was  introduced,  and  to  the 
eregard  of  those  chemical  principles  which 
ould  have  indicated  the  probable  consc- 
iences of  that  system  unless  it  were  sup- 
iemented  by  measures  for  dealing  thor- 
ighly  with  the  material  to  be  removed,  and 
Dt  merely  transforming  its  noxious  influ- 
ftce  from  one  locality  to  another.  To  this 
ircumstance  also  must  be  ascribed  the 
ead  lock  now  existing  in  regard  to  sanitary 
egnlations,  and  the  improvement  of  the 
icmdition  of  towns  by  the  construction  of 
lewers. 

The  subject  of  artificial  illumination  and 

Vol.  I.— No.  6.-35. 


the  questions  as  to  the  requisite  purity  and 
proper  cost  of  illuminating  gas  constitute 
another  field  in  which  the  services  of  the 
practical  chemist  may  be  of  advantage  to 
the  engineer,  and  where  the  co-operation  of 
engineers  and  chemists  can  alone  be  expect- 
ed to  lead  to  satisfactory  results.  Not  in 
any  way  less  important,  or  less  capable  of 
imi  rovement  by  such  united  efforts  of  en- 
gineering and  chemical  skill,  is  the  subject 
of  economy  of  fuel.  In  the  production  of 
motive  power,  in  the  heating  of  dwellings, 
the  various  branches  of  metallurgic  art,  and 
in  many  other  cases  where  fuel  is  employed, 
the  quantity  consumed  is  vastly  in  excess  of 
that  requisite  for  effecting  the  objects  in 
view.  Improvements  in  this  direction  would 
be  a  source  not  only  of  individual  profit,  but 
also  of  national  advantage.  We  might  ex- 
tend the  illustration  of  our  views  on  this 
subject  almost  indefinitely,  but  we  appre- 
hend the  possible  profit  of  and  urgent  need 
for  greater  attention  being  paid  by  engi- 
neers to  chemistry  is  very  widely  appreciat- 
ed in  the  profession,  and  therefore  we  con- 
fine ourselves  to  mentioning  the  subject,  in 
the  hope  that  others  may  suggest  a  means 
of  giving  practical  effect  to  our  views,  and 
make  some  effort  towards  carrying  them  out. 
The  recognition  of  science  by  the  State  is 
as  yet  a  principle  too  little  acted  upon  in 
this  country  to  warrant  much  hope  of  this 
idea  being  promoted  from  that  direction ; 
but  our  private  societies,  such  as  the  Insti- 
tution of  Civil  Engineers  and  the  Society  of 
Engineers,  are  sufficiently  strong  to  take 
the  initiative  in  this  matter,  and  they  might 
do  good  service  by  giving  their  support  to 
some  feasible  plan  for  bringing  chemistry 
more  within  the  range  of  the  engineer's  no- 
tice, and  making  chemical  knowledge  more 
readily  attainable  by  him  than  it  is  now.* 

DEVELOPMENT  OP  CiiiNA. — The  forma- 
tion of  a  society  is  being  actively  pro- 
moted in  Belgium  with  a  view  to  the  intro- 
duction of  railroads  and  telegraphs  in  China, 
and  the  development  of  its  mineral  wealth. 
The  project  is  favorably  viewed  by  King 
Leopold,  who  has  traveled  in  China. 


*  These  are  timely  oonsiderationB  for  America  aa 
well  as  for  England,  although  the  amount  of  sound 
chemical  knowledge  and  practice  in  the  arts  would 
appear  to  approximate  to  the  demand  more  nearly 
here  than  abroad.  Our  excellent  schools  are  gradu- 
ally supplying  the  want  mentioned  above,  but  they 
should  be  better  endowed.  The  best  thing  govern- 
ments and  rich  men  can  do  is  to  give  money  to  scien- 
tific schools. — £d.  Van  Noitrand*s  Magazine. 
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THE  BESSEMER  PBOCESS  IN  THE  MAN- 

UFACTUKE  OF  COl'l'ER. 

Bj    FiiAifi    KupiLWiE«E»,    Profeitor   al   Lcobm, 

(Auntria). 

Tranpliited  from  Ooibcr.  Kcitiohrift. 
No  metallurgical  process  ut*mg  cxclnevvely 
atmoKpherie  air  as  oxidiiing  agent,  is  able  to 
produce  a  quicker  ami  more  eucrgetic  oxida- 
tion than  the  puenmat  ic  or  Bessemer  proeess. 
It,  therefore,  nnist  appear  Htrmige  that  this 
procesB  has  not  yet  been  used  in  any  other 
metallurgical  manufacture  than  in  that  of 
iron  and  Bteel,  although  oxidation  plays  Buch 
an  important  part  in  the  nmnutaeture  of  other 
mettti-s,  that  their  separation  from  eaeh  other 
and  their  purification  from  iioxioufi  ingredi- 
ents cfln  in  many  ins^tanees  not  he  effeeted 
without  it.  The  rea^nn  why  the  pncuraiitie 
proecBB  ha,'*  not  before  been  ur?ed  in  the  manu- 
facture of  other  metals  may  be  the  following : 
The  expeiJRes  for  machinery  necessary  to 
make  such  experiments  are  considered  to  be 
very  high.  1 1  is  feared  that  a  great  loss  of  metal 
Trill  result  from  the  pneumatic  treatment  of 
most  of  these  metals.  It  is  expected  that 
experiments  of  this  kind  would  have  to  he 
made  on  a  large  scale,  and  consequently  with 
a  risk  of  considerable  quantities  of  metal,  be- 
cause it  has  been  experienced  in  the  treat- 
ment of  iron,  that  the  Bessemer  process  does 
Dot  work  to  advantage  wlieu  applied  to  &inall 
quantities. 

In  considering,  however,  that  the  meltin|:- 
pointsof  most  of  the  other  metals  and  of  tlieir 
ml ph id 88,  when  subjected  to  oxidizing  pro- 
ceeseB,  do  not  rise  tf>  such  an  extent  as  that 
of  pig  iron  does  in  being  converted  into  steel 
or  soft  iron,  hut  tliat  the  products  of  such 
processes  generally  melt  as  easily  as  the 
original  substances  or  enm pounds,  it  appears 
more  than  probable  that  the  heat  produced 
by  the  combustion  of  the  matters  to  be  oxid- 
ized, will  be  sufficient  not  only  to  replace  the 
beat  lost  by  radiation,  but  also  to  keep  the 
final  products  in  a  fluid  state  even  then,  when 
the  process  has  been  carried  on  with  smaller 
quantities.  For  small  quantities  of  metal, 
small  vessels  only  and  less  powerful  blowing 
apparatus  are  required,  and  the  absolute 
losses  of  metal  caused  by  unsuccessful  cx- 
periracntfl,  are  less  to  be  feared. 

To  further  encourage  proprietors  of  motal- 
lurgical  works  to  undertake  such  experiments, 
I  publish  the  result  of  a  successful  trial  of 
this  kind,  as  oommunicated  to  me  by  the 
Kussian  mining  engineer,  Mr.  Jossa. 


ing  works  of  Wotkinsk,  in  the  Vnl 
ains  ^Kussia),  with  coiu^e  metal  wfllo  I 
lowing  composition: 


Copjier,.. 
Iron  .... 
biiljihuT . 
Calcium  . 
Slog  ,,., 


Charges  of  40  pud =1,450  ft.  mtt 
of  this  metal  were  made  in  a  small 
Bessemer   converter.       This   couvcrtw 

been  constructed   originally  for  triali 
pig  iron,  and  hswl  a  capacity  of  ItM)  to 
pud  of  iron.     It  was,  therefore,  too  lar]|a| 
the  mentioned  (juantity  of  copper  metaL 
abundant  quantity  and  prei»8ure  of  bUft! 
furnished   by  the   existing   blowinir  •ngit 
and  the  conversion  was  lively  a<' 
was  intended  in  these  first  trial 
eentrate  the  melal,  and  not  to  [ 
copper.     To  sec  how  long  the  bi 
be  continued   to  advantage,  sampie*  ot  bb 
slag  were   taken  at  different  stages  of  tkl 
process.       They    were    analysed    afterwildl 
and  were  found  to  be  com  posed  of: 


No.  1. 

Silicic  acid 84.46 

Alamitm... •--«  4  73 

Lime H.m 

Magnesia. 0,8« 

Sc?winioxidc  of  Iron , . . .  65.26 

Peroxide  of  copficr  . . , .  2.13 

Sulphur.. 0.11 


Containing  mctalHc  cop- 
P*'^''.... 


100.08 
170 


No,  3. 

29.46 

253 

0/i8 

67  24 

846 

102  78 
67fi 


^^^M 


VI 


The  product  of  the  operational  wia 
centrated  metal,  composed  as  follows: 

Copper., 

Iron ..■••••■. 

Sulphur ..*•.••• 

Calcium 1  »* 

Slag..-. 2.44 

From  these  noteft,  an  coniinnnicati^ii  to  wf. 
the  following  inferences  may  be  made*  TU 
coarse  metal  used  is  to  be  eODsid^i^d  t*  uN 
of  the  purest  ever  made,  not  v<  "^'J 

antimony,  nor  arsenic,  lead,  iii«  '  '»* 

only  object  of  the   oxidizing   <  ^*« 

therefore,  the  scorificatiou  of  n  •• 

to  obtain  a  concentrated  metal  with  a  hijjb^^*' 
percentage  of  copper.     The  last  of  the  tbutf 


This  trial  was  made  in  1868,  at  the  smelt-  [  analyses  shows  that  this  tue»kh&s  Wn fttllilw 
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tneumatio  process  in  a  very  complete 
3&ctorj  maimer.  The  iron  in  the  met- 
1  fact,  been  diminished  to  such  an  ex- 
it the  product,  after  being  calcined, 
K)nverted  into  a  very  pure  black  cop- 
i  single  melting  process.  It  appears 
en  air  is  blown  through  melted  cop- 
tal,  the  oxygen  does  not  affect  the 
is  long  as  a  sufficient  quantity  of  iron 
phur  is  present.  The  iron  is  burnt 
xide,  which  unites  with  the  slag,  and 
lerable  part  of  the  sulphur  is  burnt 
liurous  acid,  which  escapes.  I  may 
le  remarks  on  the  analysis  No.  3  giv- 
e,  which  shows  the  composition  of  the 
ained,  together  with  the  concentrated 
kt  the  end  of  the  process.  This  slag 
learly  composed  like  a  singulosilicate. 
Its  pretty  ca.sy,  the  greater  part  of  its 
nstituents  beinc  compounds  of  metals. 
ng  to  Plattner  s  rules  of  estimation, 
ting  point  would  be  about  2800  deg. 
It  is  remarkable  that  the  copper  oc- 
these  slags  as  peroxide,  as  it  is 
ly  found  to  be  present  as  protoxide  in 
ads  of  slags. 

le  slag  No.  3  contains  1.77  per  cent 
bur  which  would  combine  with  6.34 
t  of  copper,  forming  a  protosulphurct, 
s  probable  that  the  greater  part  of  the 
found  in  the  slag,  exists  there  in  this 
It  ion,  as  small  particles  of  metal, 
oiechauically  mixed  with  the  slag, 
le  copper  really  oxidized  and  scori- 
ild  be  reduced  to  a  very  small  per- 

leans  of  the  above  analyses  and  of  the 
eight  of  the  coarse  metal  subjected 
process,  the  weights  of  the  products 
approximately  calculated  thus: 

Weights  in  Pounds. 

Coarse  Concentrated      Slag. 

meUl.  metal. 

413.2  842.0              71.2 

616.2  4.2            612.0 

831.3  72.1              19.9 

17.6  4.4 

82.2  10.6 

Bilica,&c ....            625.6 


1,310.4 


433.3         1,128.7 


seen,  from  this  calculation,  that  the 
of  slag  is  very  large  when  compared 
e  quantity  of  concentrated  metal  pro- 
Afl  this  slag  contains  a  considerable 
of  iron,  its  specific  weight  cannot  be 
ich  lower  than  that  of  the  metal,  and 
uration  of  the  latter  will  take  place 


slowly.  The  products  have,  therefore,  to  be 
kept  in  a  fluid  state  for  some  time  at  the 
close  of  the  process,  so  as  to  avoid  unneces- 
sary losses  of  metal.  Should  the  slag,  how- 
ever, contain  a  noticeable  percentage  of  cop- 
per, it  can  be  melted  over  again  in  the  blast- 
furnace, as  is  generally  done  with  the  slags 
resulting  from  the  ordinary  concentrating 
process.  A  large  amount  of  protoxide  of 
iron  being  formed  during  a  pneumatic  charge 
made  with  coarse  metal,  a  considerable  quan- 
tity (306  lb.)  of  silica  is  required  to  scorify 
it.  It  might,  therefore,  prove  advantageous 
to  add  a  certain  weight  of  silica  to  the  charge 
to  prevent  a  too  rapid  destruction  of  the 
converter-lining.  As  regards  the  quantity 
of  blast  required  for  the  process,  no  direct 
data  have  been  given  to  me.  But  this  can 
easily  be  calculated  from  the  amount  of  oxy- 
gen necessary  for  the  oxidation  of  the  differ- 
ent substances  that  were  removed  by  the 
process  from  the  oriffinal  coarse  metal.  In 
neglecting  the  small  quantities  of  calcium 
and  copper  oxidized, 

612  lb.  of  iron  were  oxidized  with  146.2  lb.  oxygen. 
240  lb.  of  sulphur  do  240.0         '' 

Total  oxygen 886.0  lb.,  or 

4,246  cub.  ft.  (Austrian), 
To  which  added 16,973       ''      of  nitrogen, 


Gives  us 20,219 


of  air. 


Consequently  about  1,500  cub.  ft.  of  atmos- 
pheric air  are  required  for  every  100  lb.  of 
coarse  metal  treated.  From  this  the  dura- 
tion of  a  charge  may  be  estimated  at  nearly 
20  minutes. 

The  advantage  resulting  from  the  use  of 
the  pneumatic  process  in  the  manufacture  of 
copper  is  chiefly  this,  that  it  enables  us  to  con- 
vert the  coarse  metal  directly  into  a  metal 
so  perfectly  concentrated  that,  after  being 
calcined,  a  single  smelting  operation  will 
work  it  into  black  copper.  Thus  one  cal- 
cining and  one  smelting  operation  are  en- 
tirely avoided  and  the  corres|)onding  time, 
fuel  and  labor  are  saved.  Continued  experi- 
ments will  decide  in  regard  to  the  point  up 
to  which  the  process  has  to  be  continued, 
to  obtain  slags  as  poor  in  copper  as  possible. 
This  process  is,  however,  advantageous  only 
in  the  larger  copper  works,  where  the  ores 
are  melted  in  large  reverberatory  furnaces 
holding  as  much  metal  as  is  required  for  a 
Bessemer  charge,  so  that  the  coarse  metal 
produced  in  these  furnaces  can  be  run 
directly  into  the  converter  without  being 
renielted. 

It  is,  nevertheless,  desirable  tVisA»  f»i^«t 
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trials  be  made  to  make  useful,  for  the  inimu- 
faeture  of  copper  or  other  metals,  a  procewn 
which  achieves  so  great  thiugs  iu  the  metal- 
lurgy of  atecl  and  iron.  S. 


FIRE  AND  BILGE  PUMPS  IN  SHIPS. 

ON  THE  LOCATION  OF  INBEPENIIENT 
STEAM  FIHE  AND  BILOE  PUMPS  IN 
STEAMERS. 

Prom  a,  paper  by  Cjja«.  H,  HAawjcLL^  Civil  and 
M&rinti  Eoetiiccr,  Now  York,  rcttd  before  Ibc  In- 
stitution of  NiiTttl  Arahiituot4. 

Of  all  the  iD^t  rum  cuts  and  appendages 
connected  with  a  nmrine  steam  engine,  and 
the  provident  fitting  of  a  Hteamcr,  the  inde- 
pendent steam  pump,  or  donkey,  stands  pre- 
eminent in  importance ;  both  on  account  of 
its  general  utility  and  its  being,  under 
many  very  probable  and  oft -occurring  eir* 
eumstancc>,  indi.spenHahb>  to  the  safety  of  a 
vessel.  The  !ip]»lieationf<  of  thij*  instrument 
extend  from  ihe  ordinary  operations  of  a 
bilge  pmmp  and  a  boiler  feed  pump,  to  those 
of  a  fire  and  a  hold  discharge  puuip. 

When,  therefore*  the  extended,  and  in 
many  cashes,  the  indispen>^able  operations  of 
this  instrtmu^nt  arc  duly  eou.^idered»  it  would 
Bcem  to  bo  imperative  that  it  bhould  be  lo- 
cated where  it  can  be  most  readily  reached, 
and  where  it  can  be  operated  for  the  longest 
period  without  being  t*ubmerged  by  water, 
enveloped  in  smoke,  or  cut  off  by  fire. 

It  occurs,  however,  that  as  a  rule  of  Brit- 
ish and  Kuropean  practice,  that  it  is  located 
in  the  hold  of  gteamers,  tmnied lately  npon 
the  lower  engine  room  floor;  this  pnictice 
taken  in  connection  with  the  insufficient  ca- 
pacity of  the  pump  for  the  general  purposes 
of  fire  and  leaks,  would  seem  to  have  arisen 
from  the  tun ct ions  of  the  |mmp,  as  viewed 
by  the  const riirtors  of  the  engines,  being  re- 
stricted solely  to  the  operation  of  feeding 
and  pumping  out  boilers.  The  cases  in  which 
the  location  of  the  pump  in  the  manner  re- 
ferred to  arc  objectionable,  are  as  follows: 

1,  A  leak  occurring  in  the  furnace  or  water 
bottom  of  a  boiler,  and  the  hot  vapor  arising 
therefrom  precluding  aeees8  to-  the  pump, 
and  the  setting  of  it  in  operation,  wherebv 
the  water  escaping  from  the  boiler,  not  being 
replaced  by  the  operation  of  this  pump, 
would  goon  expose  the  tubes  or  crown  plates 
of  the  furnace  to  be  burned,  and  the  boiler 
Tendered  thereby  unsafe  for  operation. 

2*  A  leak  in  the  hull  of  a  steamer  Bud- 
donly  occurring  from  a  collision  with  ice, 
another  \mmU  a  pier  or  a  sunken  rock,  or 


the  disruption  of  the  propeller  fch»f4  *i 
box    in   a  propeller,  whereby  thr 
water  would  be  fully  e^uml  to  ♦^"" 
capacities  of  the  pump  and  c 
charge.    The  distance  between  ui' 
the  floor  of  the  vessel,  or  the  Km 
water  in  the  hold,  would  be 
any  arrest  of  the  i»nmp  from  » 
ration,  for  adjustment  or  rej^taii,  wu 
volve  its  submersion  before  it  could 
in  renewed  operation. 

"S.  A  fire  occurring  upon  lli^  malfi 
a   steamer,   whereby    the    ^nioke    w 
drawn  into  the  engine  and  fin;  rmmu 
draught  of  the  furnaee»  of  I  he  boUi 
this  pump  rendered  inutile  by  the  Im 
cability  of  reaching  it  to  »ot  it  in 

4.  A  vessel  grounded  or  Htrandei 
sand  or  soft  bottom,  and  leaking;  her 
from  the  ingress  of  sand  and  mud  hi 
hold,  would  require  frecjuent  clearjin<*c 
delays  conse(|Uent  upon  whirl 
the  pump  to  be  submerged  Htt 
freed  and  set  in  operation, 
fence  that  ever  has  boen  nd\.. 
violation  of  regard  to  the  safety  ui  a 
in  locating  this  pump,  where  in  tosnj 
ns  here  shown,  it  would  nccejtxarily  be 
rative,   is,   that,   in   the    event  of  the 
being  flooded  with  water,   the  fires  i: 
furnaces  of  a  boiler  would  en*--'  ■"*"•*■ 
drowned,  and  that,  the  st^^am 
operate    thii^    l*"'^P    IxMUg    <»iM,iiir*ii 
the   boilers,  it^  functions  would  cva»c 
the  drowning  of  the  fires»    Admitiia^  thil] 
sition  to  be  strictly  tenable,  it  di»c«  not 
the  conditions  of  this  pump,  } 
in  its  operations  by  sand,  mu^i, 
escape   of   steam.     The    posit it»u    ^% 
however,  is  not  one  of  general  appb 
as  in  a  majority  of  eases,  and  rspm 
this  country,  there  is  an  independrnt 
connected  with  this  pump,   which,  irL 
cated  u|.ion  the  main  or  spar  di^<'^    ^f^ 
independently  of  the  engine  b 
tions  would  not  be  affected  h^,  lu- 
water  into  the  hold  of  a  vewel. 

The  common  plea,  that  a  pn 
the  hold  of  a  stramer,  Violow  t  lil 

will  operate  more  effectively  {liauk  U 
upon   the   main  deck,  is  only  advstTi^rJ' 
some  engine  drivers,  whose  e*  i 
steamer  are  restricted  to  th« 
the  engines  and  their   depciir 
some  owners  of  steamers,  who  ;*. 
to  incur  the  cost  of  a  removal  uf  tL- 
a  proper  location. 

In   this  eonncctioQ  the  eapcity  of 


fi 
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up,  proportionate  to  the  dimensions  of  the 
el,  is  worthy  of  consideration ;  and,  as  a 
tier  role  of  practice,  the  capacity  of  this 

Hin  British  and  European  steamers  is 
inferior  to  that  in  use  in  this  country. 
[)Ae  general  security  of  lines  in  British  ves- 
[idi,  under  the   stringent   requirements  of 
[Uojd's  rules,  has  not  generally  opened  the 
iiobjeet  of  the  propriety  of  using  a  steam 
'  yuDip  for  other  purposes  than  those  referred 
to,  as  confined  to  the  operation  of  the  boil- 
cn  of  a  vessel ;  for,  in  many  cases,  this  pump 
wmot  be  used  to  draw  water  from  the  bilge 
m  hold  of  a  vessel,  and  has  not  any  fire  hose 
Monections  beyond  the  immediate  precincts 
cf  the  engine  room. 

The  capacity  of  this  pump,  proportionate 
to  the  vessel  in  this  country,  may  be  judged 
rf  from  the  following  cases :  A  British  steam- 
er, now  in  this  port,  built  upon  the  Clyde  as 
kte  as  1867,  and  belonging  to  a  leading 
eompany  in  the  extent  and  character  of  its 

tilde,  presents  the  following  cases:  I — -^ 

X  &  -41  =  3,230  tons  has  but  one  independent 

pomp,  having  a  water  cylinder  of  one  gallon 

2icity,  or  a  discharging  capacity  of  12,000 
ons  per  hour,  or  3.7  gallons  per  ton  per 
r. 

The  new  steamers  of  the  Pacific  Mail 
Steamship  Company,  built  in  this  city  in 
1867,  present  the  following  cases : 

-  =  4,200  tons  have  four  inde- 


/-3-^XH 
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pendent  pumps,  having  water  cylinders  of 
17)  gallons  capacity,  or  a  discharging  capa- 
city of  136,500  gallons  per  hour,  or  32.5  gal- 
ms  per  ton  per  hour. 

In  further  support  of  the  position  assumed, 
I  submit  that  there  has  occurred  very  many 
eues  where  steamers  have  foundered,  burned 
or  been  wrecked  in  consequepoc  of  the  loca- 
tion of  their  independent  steam  ])umps  in 
their  holds.  Three  cases,  and  important 
ones  so  far  as  the  loss  of  lives  and  property 
tre  concerned,  can  but  be  familiar  to  all. 
The  Arctic,  foundered  at  sea,  1854,  had  two 
mdependent  pum])s  of  a  combined  discharg- 
bg  capacity  of  31,000  galhms  per  hour,  and 
10  attached  boiler,  all  of  which  were  located 
in  her  hold.  When  her  bottom  was  perfo- 
uted  by  collision  with  the  sharp  prow  of  an 
iron  steamer,  the  influx  of  water  was  supe- 
rior to  the  capacity  to  discharge  it,  and  for 
the  following  causes : 


1st.  Her  independent  boiler  could  not  be 
put  in  operation  until  steam  was  raised  in  it. 
2d.  Her  floor  being  filled  in  solid,  her 
bilge  injections  could  not  operate  effectually 
until  the  water  was  fully  two  feet  in  depth, 
in  consequence  of  the  roll  of  the  vessel. 

3d.  At  the  time  suflicient  water  had  flowed 
into  the  hold  for  the  bilge  injections  to  ope- 
rate with  their  full  capacity,  the  additional 
depression  of  the  vessel  occasioned  by  this 
influx  of  water  had  reduced  the  number  of 
revolutions  of  the  engines,  and  consequently 
their  capacity  to  discharge  the  inflowing  wa- 
ter, added  to  which,  the  water  at  that  height 
washed  the  water  bottoms  and  ash  pits  of 
the  boilers,  and  reduced  their  capacity  to 
furnish  steam  to  operate  the  engines.  Thus 
with  a  constant  flow  of  water  the  capacity  to 
discharge  it  was  being  rapidly  lost. 

It  occurred,  however,  that  there  elapsed  a 
period  of  four  hours  after  the  collision,  before 
this  vessel  sunk,  and  as  a  computation  made 
by  me  of  her  entire  weight  as  a  mass,  less 
the  actual  displacement  of  every  particle  of 
her  and  her  cargo,  gave  but  a  difference  of 
1,000  (one  thousand)  tons,  it  appears  that 
the  discharge  of  this  weight  of  water,  or 
65,570  gallons  per  hour,  would  have  left  this 
vessel  free  of  water,  and  enabled  her,  so  far 
as  that  collision  was  concerned,  to  have 
reached  a  port  of  safety.  Now,  as  the  capa- 
city of  her  bilge  injections,  at  even  the  re- 
duced number  of  revolutions  of  ten,  would 
have  been  equal  to  80,000  gallons  of  water 
per  hour,  it  is  manifest  that  the  loss  of  this 
vessel  at  this  time  is  directly  attributable  to 
the  location  of  her  independent  pumps  and 
their  attached  boiler. 

The  Austria,  burned  at  sea  in  1858,  in 
consequence  of  the  smoke  from  a  fire  upon 
the  main  deck  pervading  the  engine  room  and 
I  suffocating  the  watch,  and  as  a  consequence 
precluding  the  operation  of  her  pump  as  a 
fire  engine.  The  Britannia,  lately  foundered 
at  sea  by  the  flow  of  water  in  her  engine 
room,  and  the  submerging  of  her  independ- 
ent pump. 

The  remedy  I  propose  for  this  objection- 
able manner  of  the  fitting  of  a  steamer,  is  to 
require  this  pump  to  be  located  upon  the 
main  or  tonnage  deck,  and  that  it  have  an 
,  independent  boiler  attached   to  it,  located 
upon  the  main  deck,  or  preferably  upon  the 
I  spar  deck,  in  vessels  having  two  or  more 
'  decks ;   and  that  all  passenger  steamers  be 
;  reijuired  to  have  this  boiler  ready  for  opera- 
'  tion  during  the  night,  or  during  the  preva- 
I  lenoe  of  a  fog. 
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RETARDING  RAILWAY  TRAINS. 

From  **  Eogine«ring.** 

It  is  a  somewliat  curioui*  fact  that,  while 
during  the  past  three  years  or  so  railway  en- 
gtneerB  on  the  continent  have  largely  adopt- 
ed the  plan  of  retarding  trains  by  means  of 
counter-pressure  exerted  against  the  pistons 
of  the  locomotives,  the  subjeet  haa  received 
pmotically  little  or  no  attention  in  this  eoun- 
try.  That  the  ordinary  plan  of  retarding 
trains  by  the  application  of  brake  blocks  to 
the  wheels  is  at  best  hut  a  very  iniperfect 
one,  it  is  iraposnible  to  deny ;  and  it  appears 
to  us  to  bo  well  worthy  of  consideration 
whether  it  cannot,  in  many  instances  at  all 
events,  be  roplaeed  by  a  less  crude  system. 
On  those  liue.s,  especially,  which  have  long 
inclines  down  which  it  is  not  safe  to  run  the 
trains  witliout  the  application  of  some  retard- 
ing power,  a  more  perfect  method  of  effecting 
that  retardation  than  that  at  present  in  use 
appears  to  be  particularly  desirable.  On  such 
lines  not  only  does  the  rapid  wear  of  the 
brake  blocks  introduce  an  important  item 
into  the  cost  of  working,  but  there  is  an  ab- 
golttte  waste  of  power  caused  by  the  use  of 
the  brakci^  which  it  is  most  important  should 
be  avoided. 

A  theoretically  perfect  brake  would  be  one 
which,  while  giving  perfect  command  of  the 
train,  should  act  as  a  kind  of  reservoir  of 
power,  absorbing  the  energy  or  **wnrk" 
stored  in  the  moving  train,  when  the  latter 
has  to  be  retarded,  and  giving  it  out  again 
as  required,  when  a  start  has  to  he  made  or 
the  motion  of  the  train  accelerated.  It  is 
scarcely  necessary  that  we  should  observe 
that  these  ends  can  never  be  fulfilled  practi- 
cally, even  in  the  remotest  degree,  by  any 
brake  acting  on  the  principle  of  effecting  re- 
tardation by  opposing  frictional  resistance. 
We  say  practically^  because,  as  far  as  theo- 
retical [irinciples  are  concerned,  the  applica- 
tion of  frictional  resistance  would  cause  the 
trans tbrmat ion  of  the  energy  absorbed  into 
Bensible  heat»  and  this  might  th&jrefically  be 
again  converted  into  its  equivalent  number 
of  foot-pounds  of  useful  work  ;  practically, 
however,  as  we  have  said,  this  could  not,  of 
course,  be  done.  Practically,  in  fact,  all 
work  expended  in  overcoming  such  frictional 
resistance  as  is  produced  by  brake  blocks,  is 
lost  beyond  all  hope  of  recovery;  and  in 
uearching  after  a  more  perfect  method  of  re- 
tarding railwa}'  traint*,  those  forms  of  appa- 
ratus in  which  friction  alone  is  used  as  a  re- 
tarding  power  must  therefore  be  avoided. 


Our  reasons  for  saying  frictioa 
appear  presently. 

Leaving,  then,  friction  brakes  mi  < 
question,  there  are  three  principal 
of  retarding   tmins,  which  have  al 
times  occupied    the  attention  of 
Thus,  in  the  first  place,  it  has  been  ] 
that   trains  should  be  retarded  by 
them — through  the  intervention  of 
gearing  connected  at  pleasure  with  tht?  i 
— to  coil  or  compress  springs,  these 
being  subsequently  released,  and 
give  out  their  st<»red-up  power  to  ihtl 
when  the  latter  had  to  be  started. 
very  wonderful  patents  have  been  i 
trom  brakes  of  this  kind ;  but  it  is,  ve  ( 
unnecessary  that  we  should  say  mort  uti 
plans,  as  all  engineers  will  at  oDoo  toe  I 
impracticability.     Next,  we  have  the  i 
tions  of  those  who  propose  to  retard 
by  causing  them  to  pump  air  into  a  re«er?otrJ 
the  air  thus  compressed  being  in  y* 
employed  to  furnish  a  motive  power 
ing  in  the  starting  of  the  train.    \\v  r^jiuvm*] 
ber  the  designs  of  one  inventor  who.  witli  v 
desperate  disregard  of  the  £  s.  d.  •  ■  ' 
question,   proposed   to   fit   a  niim' 
carriages  on  each  train  with 
tons,  connecting-rods,    valve-- 
being  intended  that  when  the  tmm  i 
be  stopped  this  machinery  (the  valf 
being  reversed)  should  be  employed  toj 
!  air  into  a  mammoth  reservoir  car  ' 
special  carriage,  and  that  when  the 
to  be  started  the  compressed  air  %hm 
admitted  into  the  cylinders  of  the  can 
again,  and  made  to  serve  as  a  driving  (Olin 
as  long  as  it  would  last.     As  ao  tdQa,tlii 
plan  was,  no  doubt,  all  very  nic<^;  hot  ft 
fear  that  its  chances  of  ever  getting  Wjf! 
the  ideal  stage  are  exceedingly 
the  various  plans  which  have  be* 
for  effecting  the  retardation  of  t 
ponding  their  energy  in  effecting  \ 
prcssion  of  air,  the  most  practical  I 
that  of  Mr,  De  Bergue,  which  ha« 
on  the  Northern,  the  Eastern*  and  lh^ 
em  railways  of  France,  and  also»  we 
on  one  of  the  Spanish  lines,    Mr.  I>c  Bi 
plan  consists  in  reversing  the  engine 
the  train  is  to  be  retarded,  and  cau*ii 
pistons  to  pump  air  into  a  resi^rvoifl 
which  the  locomotive  is  provided ;  thi<i 
voir  being  fitted  with  a  safely  valvM 
prevent  dust  from  being  drawn  intu  thc< 
d<ir?i   from  the  smnkcbox,   th«T  blast 
shut  off  from  communication  with  the] 
when  the  broke  is  in  action^  and  air  ^ 
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■itted  through  a  valve  provided  for  the  pur- 
foae.  The  results  obtained  with  this  brake 
m  short  inelines  have,  we  understaud,  been 
fHj  satia&otory ;  but  we  fear  that  for  con- 
tiaued  use  on  long  inclines  it  would  be  un- 
tulable,  as  there  would  be  danger  of  trouble 
ariaiag  from  the  heating  of  the  pistons,  paok- 
■g,  etc.;  moreover  the  work  expended  in 
•omDreasing  the  air  is,  in  this  instance,  as 
maek  lout  as  if  it  had  been  employed  in  over- 
mmmr  the  frictional  resistance  opposed  by 
hnke  blocks. 

The  third  class  of  brakes  of  which  we  in- 
tmd  to  apeak  here  consists  of  those  in  which 
the  eounter-pressure  of  the  steam  against  the 
pigtons  of  the  locomotive  is  employed  as  the 
ntarding  power.  Of  these  the  best  are  those 
if  M.  Le  Chatelier,  Herr  von  Landsee,  and 
Herr  Krausa,  each  of  which  possesses  certain 
advantages  of  its  own  which  entitle  it  to  con- 
■deration,  and,  we  may  add,  certain  disad- 
vantages. Herr  Krauss's  plan*  consists  of 
an  arrangement  by  means  of  which  the  blast 
lonle  can  be  closed,  and  the  steam  admitted 
into  the  cylinders  through  the  exhaust  pipes, 
instead  of  in  the  ordinary  way;  the  steam 
thus  admitted  being  partly  pumped  back 
uain  into  the  boiler  through  the  exhaust 
pipes,  and  partly  discharged  into  the  valve 
diestSt  and  thence  through  a  valve  into  the 
dumney.  The  slide  valves,  we  should  men- 
tion, are  constructed  so  that  they  cannot  be 
lifted  from  their  places  by  the  pressure  of 
the  steam  on  the  under  side.  According  to 
this  plan  the  engine  is  not  reversed  when  the 
retaniing  power  is  to  be  applied,  but  the 
eourse  of  the  steam  is  merely  changed  in  the 
Banner  we  have  just  mentioned. 

In  order  to  point  out  more  clearly  the 
diferences  between  this  plan  and  those  of 
M.  Le  Chatelier  and  Herr  von  Landsee,  let 
u  eonitider  more  minutely  what  goes  on  in 
the  cylinder  when  Herr  Krauss's  brake  is  in 
action.  For  this  purpose  we  shall  confine 
our  attention  to  one  cylinder,  and  suppose 
the  piston  to  be  at  the  commencement  of  its 
forward  stroke.  In  this  ca^e  the  hind  end 
of  the  cylinder  will  be  in  communication 
vith  the  valve  chest,  while  the  whole  of  the 
eylinder  in  front  of  the  piston  will  be  full  of 
Rteam,  being  in  communication  with  the  boil- 
er through  the  exhaust  pipe.  As  the  piston 
is  forced  forward  by  the  motion  of  the  engine 
ind  train,  this  steam  will  be  pumped  back 
again  into  the  boiler,  this  action  going  on 
until  the  exhaust  port  closes,  and  compres- 


•B—  «EnfinMriDg,»  p.  476,  1808. 


sion  begins — the  compression  continuing  up 
to  what,  in  the  ordinary  course  of  working, 
is  the  point  of  preadmission,  when  the  front 
end  of  the  cylinder  being  placed  in  commu- 
nication with  the  valve  chest,  the  compressed 
steam  is  discharged  into  the  latter,  from 
which  a  portion  of  it  passes  through  the  valve 
already  mentioned,  into  the  chimney.  So  far 
we  have  considered  what  goes  on  at  the  front 
end  of  the  cylinder ;  let  us  now  examine  what 
occurs  at  the  hind  end  during  the  forward 
stroke  of  the  piston.  During  the  first  part 
of  the  stroke,  the  hind  end  of  the  cylinder 
being  in  communication  with  the  valve  chest, 
any  steam  that  may  be  in  the  latter  is  ex- 
panded inio  the  cylinder,  and  this  action 
goes  on  until  the  piston  arrives  at  what  in 
the  ordinary  course  of  working  would  be  the 
point  of  cut-ofif.  At  this  point  communica- 
tion with  the  valve  chest  is  closed,  and  the 
steam  in  the  cylinder  continues  to  expand 
until  the  hind  end  of  the  cylinder  is  placed 
in  communication  with  the  exhaust,  when  the 
steam  rushes  in  and  fills  the  space  behind  the 
piston,  the  supply  being  kept  up  until  the 
end  of  the  stroke.  It  will  thus  be  seen  that 
during  the  first  portion  of  each  stroke— or  up 
to  what  under  ordinary  circumstances  is  the 
point  of  exhaust — the  resistance  to  the  mo- 
tion of  the  piston  consists  of  the  full  counter- 
pressure  of  the  steam  in  front  of  it,  assisted 
by  a  partial  vacuum  behind.  During  the 
subsequent  portion  of  the  stroke,  however, 
the  steam  is,  as  we  have  shown,  admitted 
behind  the  piston,  and  the  resistance  to  the 
latter  is  then  only  that  due  to  the  difference 
between  the  pressure  of  this  steam  and  that 
of  the  compressed  steam  in  front  of  the  pis- 
ton. We  have  not  yet  had  an  opportunity 
of  inspecting  indicator  diagrams  taken  from 
engines  fitted  with  Herr  Krauss's  apparatus ; 
but  we  should  anticipate  that  the  rise  of 
pressure  which  will  take  place  during  the 
compression  of  the  steam  will  in  many  in- 
stances be  so  great  as  to  be  objectionable. 
If  this  is  the  case,  however,  the  objection 
might  be  readily  overcome  by  fitting  a  small 
spring-loaded  valve,  opening  outwards,  to 
each  cylinder  cover,  these  valves  being  of 
course  so  loaded  that  they  would  not  open 
until  the  ordinary  working  pressure  of  the 
steam  had  been  considerably  exceeded.  It 
will  be  noticed  from  the  description  we  have 
given  that  Herr  Krauss's  is  not  a  ''  regenera- 
tive "  brake,  or  in  other  words,  the  work  done 
by  the  pistons  in  retarding  the  train  is  not 
stored  up  for  subsequent  use.  In  other  re- 
spects we  consider  the  (arrangement  a  good  one, 
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The  Bteam-repressioQ  brake  of  Herr  von 
Landsee  in  some  respects  resembles  in  its 
action  that  of  Herr  Kraus8*8 ;  but  the  mode 
in  which  the  results  are  obtained  is  differ- 
ent. Like  Herr  Krauss,  Herr  von  Landsee 
does  not  reverse  the  engine,  when  the  brake 
IB  to  be  applied;  but  he  closes  the  exhaust 
pipe,  places  the  link  motion  nearly  or  quite 
in  mid-gear,  and  admits  the  ^team  against 
the  piston  for  nearly  the  whole  stroke  by 
means  of  an  auxiliary  slide  valve,  worked  by 
an  eccentric  which  is  set  without  any  angu- 
lar advance.  The  employment  of  an  addi- 
tional valve,  eccentric,  etc.,  for  eacli  cylin- 
der appears  to  us  to  be  an  important  objec- 
tion to  Herr  von  Landsee's  plan,  and  we 
must  confess  that  we  cannot  at  present  see 
what  advantages  he  can  gain  by  hi«  system 
which  win  compensate  for  the  additional 
complication.  We  may  remark  here  that  in 
both  Herr  Krauss's  and  Ucrr  von  Landsee *s 
plans,  the  cylinders  are  lubricated  by  the 
atcam  in  the  same  manner  as  during  ordi- 
nary working,  so  that  there  is  no  danger  of 
overheating,  cutting,  etc. 

We  now  come  to  M.  Le  Chatelier^s  appa- 
ratus^ which  has,  during  the  past  three  years, 
come  into  extensive  use  in  France,  more  than 
five  hundred  locomotives  being  fitted  with  it 
on  the  Paris,  Lyons  and  Meditern*n0an  line 
alone.  The  apparatus  has  also  been  applied 
to  a  large  number  of  engines  on  the  Northern 
railway  of  8pain  and  other  Continental  lines. 
M.  Le  Chatelier's  apparatus  may  be  simply 
described  as  an  arrangement  for  enabling  a 
locomotive  to  be  reversed  whilst  running 
without  danger  of  damaging  the  cylinders, 
valve-faces,  etc.,  by  dust  or  grit  drawn  in 
through  the  exhaust  pipe  from  the  smoke- 
box.  As  fitted  to  the  engines  on  the  Paris 
and  Lyons  railway  the  apparatus  consists  of 
a  closed  copper  box  divided  into  three  com- 
partments, two  of  these  compartments  being 
respectively  connected  with  the  steam  und 
water  spaces  of  the  boiler  by  suitable  pipes, 
while  the  third  compartment  is  separated 
from  the  two  others  by  a  partition  having 
formed  in  it  ports  covered  bv  small  slide 
valves.  By  means  of  these  valves  steam  and 
water  can  be  admitted  in  regulated  quantities 
when  required  into  the  third  compartment, 
from  which  the  mixture  is  conducted  by  a 
pipe  furnished  with  branches  to  the  exhaust 
pipes  from  the  two  cylinders.  When  the 
engine  b  reversed^  the  mixture  of  water  and 
steam  ts  admitted  to  the  exhauist  pipes,  a 
portion  of  this  mixture  escaping  through  the 
exhaust  no&sle,  and  preventing  the  ingress 


of  air  from  the  $mokcbox,  whilt 
der  is  pumped  by  the  action  of  tbi 
into  the  boiler.     Recent  experimfrT, 
on  the  incline  at  Etampes,  on  the  1' 
Orleans  railway,  by  MM,  Forquenur 
Chatelier,  have  shown  that  the  adn 
water  alone,  from  the  boiler 
pipes,  fully  serves  all  the  <1 
out  the  admixture  of  steam.    ^ 
is  admitted  to  the  exhaust   {^ 
way  the  sudden  relief  of  pre&b^ure 
to  be  diffused  as  a  fine  mist^  a  porti 
vaporised  and  escaping  as  steam  thi 
exhaust  nozzle,  whilst  the  remaind^ 
the  cylinders,  and  not  only  lubricai 
and  the  valve-faces,  but  is  evaporati  i  .  ,  _, 
heat  developed  by  the  friction,  and  ia  pumped 
back  fL%  steam  into  the  boiler.     Th"*  — "- 
mcnts  with  the  apparatus  have*  in  fu> 
that  when  an  incline  is  being  deacenuin, lot 
apparatus  being  in  use,  the  preasur©  in  tiki 
boiler  increases    rapidly,  while  thf  ■ 
heating  of  the  piston  packing  or  rat , 
and,  the  pumping  of  air  into  the  h^il*  i  i     u: 
prevented,  the  action  of  the  inj'i.J'r-  i   □  t 
interfered  with.     This  latter  is  an  itti]  -      ^^ 
point  now  that  these  instruments  are  ?*  l'^  : ' 
rally  used    for  feeding   locomotive   l^il  ^': 
and  to  ensure  it,  care  should  always  he  {kin 
in  using  M.  Le  Chatclier*s  apparatu*  ihtt 
there  is  a  small  escape  of  atcam  frop  ihi 
exhaust  nosszle. 

The  retarding  power  obtained  by  reTCrtiBf 
an  engine,  may  be  diminished  or  inereaMd 
by  placing  the  valve  motion  nearer  to  Of 
further  from  mid-gear,  and  to  enable  to 
adjustment,  and  also  the  reversal  to  b« 
effected  with  ease  and  safety  while  the  tnpM 
is  running  the  locomotives  on  the  Pari*  iod 
Lyons  railway,  fitted  with  >1.  Le  rh.itHlef'l 
apparatus,    have    been    also    pr  ^^ 

screw  reversing  gear,  similar  t^^  'I* 

we  illustrate  on  page  8U0  of  our  third  vol- 
ume. In  any  case,  however,  the  reUrdiag 
power  which  M.  Le  Chatelier 's  arratigt^aiettt 
is  capable  of  affording,  is  leas  thia  OaI 
given  by  the  plans  of  Herr  Krau!^^  and  HtfT 
Landsee.  This  will  be  evident  if  wc  coft- 
si  der  what  goes  on  during  a  stroke*  tif  iki 
piston  when  an  engine  is  reversed ;  a»td  ^ 
us  suppose  for  example  that,  as  before,  lb« 
piston  is  just  commencing  its  forward  htrokl. 
In  this  case,  the  engine  being  revenid,  ^ 
hind  end  of  the  cylinder  will  for  a  ebtfl 
portion  of  the  stroke  (equal  to  the  period  rf 
preadmission  in  ordinary  working)  be  in  c(m* 
inunieation  with  the  valve  che*t,  and  MrtW 
will  thus  be  admitted.    After  tin?  strain  p^rt 
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there  will  be  a  period  of  expansion 
ntil  the  piston  arrives  at  the  point 
the  engine  was  not  reversed,  would 
id  to  the  commencement  of  the  ex- 
during  the  backward  stroke  of  the 
On   this  point  being  reached  the 

of  the  cylinder  will  be  placed  in 
cation  with  the  exhaust  pipe,  and 
ire  of  steam  and  water  will  thus  be 

from  the  latter  into  the  cylinder, 
lission  will  continue  up  to  the  end 
oke.  During  the  early  part  of  the 
roke,  the  communication  between 
end  of  the  cylinder  and  the  exhaust 

open,  so  that  a  portion  of  the  vapor 

is  forced  back  into  tho  exhaust 
D ;  but  on  the  piston  reaching  the 
ch  corresponds  in  ordinary  working 
nmencement  of  the  exhaustion  dur- 
brward  stroke,  the  communication 
he  hind  end  of  the  cylinder  and  the 
B  shut  off,  and  the  vapor  contained 
iinder  is  compressed  by  the  piston, 
irhen  the  piston  reaches  the  point 
iding  to  the  cut-off  of  the  steam 
le  forward  stroke,  when  the  engine 
ersed,  the  valve  uncovers  the  steam 
ing  to  the  hind  end  of  the  cylinder, 
nil  pressure  of  the  steam  is  admit- 
st  the  piston  during  the  remainder 
oke,  the  steam  thus  admitted,  to- 
th  the  vapor  already  in  the  cylinder, 
intually  forced  back  again  into  the 

stated,  then,  the  difference  between 
1  of  M.  Lc  Chatelicr's  arrangement 
of  Herr  Krauss  is  this — that  in  the 
e  steam  is  admitted  against  the  pis- 
g  a  period  corresponding  to  that  of 
ision  of  steam  behind  the  piston,  if 
'  was  moving  in  the  opposite  dircc- 
the  engine  was  not  reversed ;  while, 
I  to  Ilerr  Krauss's  plan,  the  period 
ion  of  the  steam  against  the  piston 
;ds  to  the  duration  of  the  exhaustion 
ry  working.  At  slow  speeds  the 
t  in  the  retarding  powers  of  the 
is  perhaps  not  so  very  great,  but 
engine  is  running  fast  tho  power 
Chatolier's  system  is  considerably 
d  as  compared  with  Herr  Krauss's, 
irativcly  slow  opening  of  the  steam 
the  slide  valve  preventing  the  full 
from  being  maintained  against  tho 
the  former  ease,  for  anything  like 
^tieal  distance. 

int  of  sufficient  power  is,  we  con- 
only  real  objection  to  M.  Lc  Cha- 


telier's  system;  and  there  are  very  many 
circumstances  in  which  even  this  objection 
does  not  apply.  According  to  experiments 
made  by  M.  Guebhard,  of  the  Eastern  rail- 
way of  France,  a  retarding  power  can  be 
obtained  by  M.  Le  Chatelier^s  arrangement 
equal  to  about  40  per  cent,  of  the  full  tract- 
ive power  of  the  engine ;  and  there  are  very 
many  cases  in  which  this  amount  of  retard- 
ing power  will  prove  amply  sufficient.  In 
one  respect  M.  Le  Chateli(;r's  system  has  a 
decided  advantage  over  Herr  Krauss's  or 
Herr  von  Landsee's,  and  that  consists  in  its 
turning  to  useful  account  a  portion  of  the 
work  performed  by  the  pistons.  The  water 
admitted  into  the  cylinders  takes  up  the 
heat  generated  by  the  friction  of  the  pbtons, 
etc.,  and,  being  converted  into  steam,  carries 
this  heat  back  into  the  boiler.  At  first  sight 
this  may  appear  a  small  matter,  but  the 
experiments  made  by  M.  Kicour,  on  the 
Northern  railway  of  Spain,  have  shown  that 
in  some  instances  the  heat  thus  carried  back 
during  the  running  of  one  kilometre  with  the 
apparatus  in  action  is  equal  to  that  generated 
by  the  combustion  of  2.2  kilogrammes  of  coal, 
or  about  7|  lb.  per  mile.  M.  Le  Chatelier's 
apparatus  may  therefore  lay  fair  claim  to  be- 
longing to  the  class  of  *^  regenerative " 
brakes. 

The  present  article  has  already  run  to  such 
a  length  that  we  must  leave  untouched  many 
points  connected  with  the  subject  on  which 
we  have  been  writing,  and  must  conclude  by 
saying  a  few  words  concerning  an  objection 
that  has  been  often  raised  against  the 
employment  of  any  of  the  plans  wo  have 
described.  This  objection  is  that  the  em- 
ployment of  all  **  piston  brakes,"  if  we  may 
be  allowed  the  expression,  throws  injurious 
strain  upon  the  working  parts  of  the  engines. 
This  objection  we  believe  to  be  entirely  with- 
out foundation  so  long  as  the  resistance 
opposed  to  the  motion  of  the  pistons  is  not 
so  great  as  to  cause  slipping  of  the  wheels. 
Slipping  is  no  doubt  injurious  in  many  ways; 
but  we  believe  that  it  is  very  nearly  as  inju- 
rious if  caused  by  the  application  of  brake 
blocks  as  if  caused  by  opposing  resistances  to 
tho  pistons.  In  any  case  the  strain  which 
can  be  thrown  upon  the  connecting  rods,  etc., 
is  limited  by  the  adhesion  of  the  driving  or 
coupled  wheels,  and  we  fail  to  see  that  these 
strains  can  do  more  injury  to  the  various 
parts  when  tending  to  retard  the  motion  of 
the  engine  than  when  employed  for  the  oppo- 
site purpose. 
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ROADS. 

In  an  urticle  on  this  subject^  in  the  **  New 
Jersey  (Jourier/'  Mr.  K,8bermau  Gould,  C. 
E.,  after  pointing  out  the  importance  of  good 
highways  as  feeders  to  railways,  gives  the 
following  results  of  experiments  and  prac* 
tiue  in  France,  whicb,  though  not  modcra, 
are  standard  and  timely  v — 

**  According  to  a  most  instructive  tract  by 
Gen.  Sir  Joirn  F,  Burgoyne  on  the  mainten-" 
anee  of  macadamised  roads,  there  were  in 
France  in  1835  some  46,000  miles  of  high 
roadst  over  which  the  yearly  draft  of  mer- 
chandise was  effected  at  an  expense  of  about 
ninety  millions  of  doUars.  The  French  engi- 
neers calculated  that  at  least  onc-third  of 
this  amount  or  thirty  millions  of  dollars 
might  be  saved  to  the  public  by  maintain- 
ing the  roads  in  the  best  possible  condition, 
and  that  not  only  at  no  additional  cost,  but 
with  a  positive  reduction  of  the  then  annual 
expense  of  the  maintenance.  Now  the  French 
engineers  are  not  subject  to  slips  in  their 
calculations,  and  it  therefore  becomes  a  most 
profitable  study  to  investigate  the  meana  by 
which  they  proposed  lo  accomplish  thisajston- 
inliing  result.  Briefly,  they  consisted  first  in 
putting  the  roads  in  perfect  order,  and  then 
keeping  them  so-  The  system  previously 
pursued  had  been  to  use  the  roads  with  few 
or  no  repairs  up  to  the  last  moment  it  was 
possible  to  drag  a  vehicle  over  them,  and 
then  rebuild  them  entirely,  preserving  all 
the  elements,  such  as  bad  drainage  and  bad 
foundations,  which  had  already  hastened 
their  destruction.  To  accomplish  the  im- 
proved state  of  things,  every  attention  was 
paid  to  the  formation  of  the  road-bed,  and 
it  was  then  subjected  to  a  most  minute  and 
unremitting  surveillance  by  an  organized 
corps;  every  inequality  of  surface  was  filled 
Up  as  soon  as  it  occurred,  and  aU  waste  mat- 
ler  was  regularly  removed,  preferably  as 
dust,  with  brooms  in  dry  weather,  but  some- 
limes  also  as  mud,  in  wet  weather,  by  hoes 
and  band-scrapers,  the  horae-scniper  being 
abolished,  as  battering  the  smooth  surface. 
It  wa<^  found  that  by  this  system  of  constant 
patching  and  sweeping,  an  immense  saving 
of  material  was  effected,  since  no  more  was 
put  down  than  was  absolutely  required. 

As  an  example  of  how  far  these  calcula* 
lions  were  verified,  Gen.  Burgoyne  instances 
the  case  of  the  post  road  between  the  towns 
of  Tours  and  Caen,  a  length  of  about  150 
miles,  which  in  1 886  was  announced  in  an 
oilicial   report  aa  being  in  so  bad  a  state, 


that  without  a  special  credit  of  ; . ;. 

dollars  and  ti  great  additional  pri 
materials,  there  waa  danger  thai 
become  impassable*     In  January,  ■ 
reconstruction  was  commenced.     Iti  ai^cu^ 
1838,  it  was  reported  to  be  in  a  TenrpBril 
and   constantly  improving  state.     ^ 
the  mail   had   always   required  fiv 
and  in  one  year  eleven  were  lost  bj^  *kt^ 
work.     In    1837  four    to   five    hor*^ 
required.     In   1S38   the   number  « ' 
was  reduced  to  three.      In   1841 
were  required  of  middling  quui 
were  lost  from  over- work.     In  i 
class  of  conveyances  than  that  formcHj  < 
ployed  was  introduced,  carrying  nioc  | 
gers,  drawn  by  one  horse  ai  befwetuMni^i 
eight  miles  an  hour.     The  expenses  of  a»i^ 
tenanoe  in  1837  were  for  uiateriaU  l-jrW; 
labor  $2,500;  total  $6,400.     In  !'-    ^ 
were  for  materials  $810  ;   for  Isbijr 
total  $3,010.     It  will  ha  thus  k< 
the   expense  for  labor  remain 
same,  the  cost  for  materials  diminiahtU  onm^ 
than  two-thirds. 

The  improved  roads  of  France  arc  41,  or 
nearly  all,  macadamised.  Their  widl^i  •t'u^i 
according  to  their  tonnage.     The  p- 

voted  to  vehicles  is  never  leas  thiku    . 

(16)  feet.     Ditches  are    dug  on  each  vth, 
and  when  necessary  the  road-bed  ii  tlnrb^ 
drained.     The  surface  is  slightly  roundti, 
and   but   slightly,  for   it  is  important  Ait 
vehicles  should  be  able  to  stand  upniflilflii 
any  part  of  it,  so  as  to  discourag* 
dency  to  seek  the  center  only,  and 
a  more  even  wear.     As  far  as  po*- 
grades  are  kept  between  the  limits 
water  will  run,  and  at  which  a  veh 
stand  without  running  down  hill  bv 
weight;  when  practicable  not  le«  tUa  i^ 
former  nor  greater   than  th«   latter.    Tb 
road-bed    being    properly   prepared,    it  a 
covered  with    about    six    inches  of  bwb* 
stones,   of  such    a    eixe    as   to   put  frt^j 
through  a  ring  2J  inches  in  <!         *  -  th 
atone  being  very  carefully  seb  ^J 

with    regard   to   its  /'  ba^^^  «n^ 

granites    being   the    u,  -mM.    U  tf 

then    heavily    rolled,  with    tu  I'fi 

from  two  to  five  tons  in  weigi  '^ 

tion  being  repeated  until  the  surface  »a ««»■»• 
pressed  into  a  smooth,  solid  criwl,  ir»^ 
being  slightly  sprinkled  over  the  road  wliiW 
in  process  of  rolling.  The  road  beiflgli^^ 
brought  to  the  highest  degree  of  harvlw* 
and  smoothness,  is  nerrr  rufftrtd  to  idtn^ 
rait.     This  is  the  secret  at  once  of  iU  gr«** 
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I  efficiency,  and  the  economy  of  its 
The  same  reduction  of  shock  and 

which  enables  a  team  to  draw  a 
)ad  swiftly  over  the  surface,  dimin- 

a  rapidly  increasing  proportion,  its 
id  tear.  On  the  other  hand,  the 
it  patching  of  the  road  wherever  the 
ity  of  the  surface  is  in  the  slightest 
impaired,  reduces  to  a  minimum  the 
SDce  with  rapid  traveling,  the  amount 
kge  sustained  at  any  given  moment 
road  and  the  quantity  of  material 
its  maintenance,  for  the  rough  spots 
ITS  few  and  small,  the  little  hollows 
m  the  road  are  never  left  to  gain 
by  wear  and  water,  and  not  a  pound 
rial  is  wasted. 

are  the  leading  principles  which 
road-makinff  abroad,  and  such  we 
but  think  the  results  to  which  our 
in  this  country  should  tend.  It  is 
30urse,  to  be  hoped  that,  unaided  as 
by  ffovernment  interference,  we  can 
o  this  degree  of  success  in  our  roads, 
may  rest  assured  that  the  nearer  we 
b  to  the  path  which  the  experience 
*  countries  indicates,  the  nearer  we 
ain  to  the  desiderata  of  a  maximum 
f  and  a  minimum  expense. 


.IVERSIDE  CONSTRUCTION. 

aw  hy  Mr.  Rowland  Plambe,  A.R.I.B.A., 
1  before  the  Arcbiteetural  Assooiation. 

iuthor  said  that  he  would  confine  his 
I  principally  to  the  description  of  a 
e  building  which  had  lately  been 
)  and  to  which  his  special  attention 
n  directed.  The  building  was  of  the 
ise  description,  of  a  great  height, 
igned  for  the  storage  of  heavy  goods, 
rs  being  constructed  to  sustain  five 
r  superficial  foot.  Not  only  was 
frontage  to  the  river,  but  the  return 
r  a  disunce  of  about  150  ft.,  formed 
of  a  dock,  part  being  built  over  and 
ming  a  wharf  wall.  Large  and  lofty 
;e  was  required  under  the  whole,  the 
le  of  which  was  to  be  nearly  12  ft. 
the  highest  water  level.  The  tide 
1  fell  against  the  whole  length  of  the 
id  side  walls  to  a  height  of  from  10 
J  ft.  The  special  requirements  un- 
fa cases  are,  first,  to  secure  a  thor- 
good  foundation,  and,  secondlv,  to 
the  water  from  entering  the  cellars. 
ribing  the  means  of  obtaining  these 
the  author  confined  his  attention  to 


such  measures  as  he  had  either  seen  taken 
or  recommended  by  practical  men,  or  had 
himself  directed  to  be  carried  out,  avoiding 
all  recommendations  found  in  books  as  being 
of  less  value  than  a  simple  description  of 
the  means  used  in  a  certain  case  with  great 
success. 

River  Wall. — The  first  question  to  be 
determined  in  building  the  river  wall  is, 
whether  to  construct  a  dam  or  to  build  the 
work  as  the  tide  recedes.  Wherever  the 
tides  will  allow  of  the  construction  of  build- 
ings without  a  dam,  the  question  is  practi- 
cally settled  by  the  much  smaller  cost  en* 
tailed,  and  the  shorter  time  required  for  the 
execution  of  the  work.  Assuming,  then, 
that  the  work  is  to  be  constructed  without  a 
dam  (t.  e.,  by  tide  work),  the  water  must  be 
pumped  out  of  the  trenches  immediately  the 
excavations  are  lower  than  the  mud  bank  of 
the  river.  A  convenient  place  must  be 
found  for  the  engine,  which  should  be  of 
from  eight  to  twelve  horse  power,  and  the 
pump  should  be  capable  of  throwing  out 
about  1,200  gallons  per  minute.  The  posi- 
tion of  the  engine  will  depend  to  a  great 
extent  on  the  position  chosen  for  the  sump, 
which  should  be  placed  as  centrally  as  pos- 
sible. The  pump  and  engine  being  ready 
for  working,  the  first  excavation  made  will 
be  for  this  sump,  which  is  a  well  or  receiver 
for  all  the  water  to  be  raised  from  the 
trenches,  than  which  it  should  be  sunk  a 
few  feet  deeper.  The  trenches  are  then 
taken  down  to  the  requisite  depth  in  lengths 
of  from  15  ft.  to  20  ft. ;  drain  pipes  of  suit- 
able diameter  (say  6  in.)  are  laid  along  the 
trench,  and  when  the  water  has  been  pump- 
ed out  the  concrete  is  filled  in  in  layers  to 
the  required  depth,  suspending  operations, 
of  course,  at  each  rise  of  the  tide.  The 
next  sections  can  then  be  excavated  on 
either  side.  The  ends  of  the  pipes  laid 
along  the  bottoms  of  the  trenches  are  now 
opened,  to  get  rid  of  the  water  which  has 
accumulated  in  them.  As  additional  sec- 
tions of  the  trenches  are  excavated,  other 
lengths  of  pipes  arc  connected  with  the 
former  ones,  the  concrete  is  filled  in,  and 
the  whole  length  of  the  foundations  is  easily 
and  efficiently  drained.  It  is  important 
that  the  sump-hole  should  be  excavated  out- 
side the  trench.  It  should  always  be  care- 
fully filled  up  with  fine  Portland  cement 
concrete  when  done  with.  The  sides  of  the 
excavations  will  have  to  be  close  planked  on 
each  side,  and  carefully  shored,  and  it  is 
important  that  the  sheeting  should  be  left  in 


VAN  NOSTRAND'S  ENGINEERING  MAGAZINE. 


525 


til  the  aspbhalte  has  cooled  and  set,  for  if 
e  least  steam  or  vapor  is  generated,  it  is 
ble  to  render  the  asphaltc  porous  and 
ingj.  A  good  water- resisting  surface 
old  be  obtained  by  building  up  the  center 
the  wall  in  the  same  manner,  but  uving 
5  cement  quite  neat,  in  conjunction  with 
rd  Staffordshire  blue  bricks.  To  ensure 
«r»terproof  wall  the  cement  must  really 
Ufled  neat,  and  must  be  sufficiently  air 
ked  as  not  to  blow  in  the  setting.  The 
'eful  washing  and  cleansing  of  the  bed  of 
»  work  from  the  mud  deposit  after  each 
e  has  receded,  must  on  no  account  be 
srlooked.  Particularly  must  this  deposit 
remoTed  from  the  racking  back  or  tooth- 
edges  of  that  section  of  the  wall  which 
above  the  other.  Even  a  thin  bed  of  mud 
uld  be  sufficient  to  destroy  the  continuity 
the  cement  work,  and  leakage  would  be 
i  result.  As  an  extra  precaution  it  would 
as  well  to  point  the  inside  face  of  the 
M  in  neat  cement,  well  raking  out  the 
nts  and  pointing  with  a  flat  trowelled 
ni  for  lime  whiting.  Although  stock 
ickwork  in  cement  is  mostly  used  for 
-er  walls,  certain  non-porous  stones  and 
anitc  are  sometimes  used,  but  even  with 
esc  materials  there  will  always  be  a  tcn- 
ncj  for  the  water  to  find  its  way  through 
e  joints.  The  gault  bricks,  lately  so 
rgely  used  for  sewer  construction,  are  ad- 
irably  adapted  for  river  walls,  provided 
ey  are  kept  thoroughly  soaked  in  water 
ffore  being  used,  for  there  is  a  danger  of 
16  cement  not  thoroughly  taking  to  this 
ind  of  brick  on  account  of  its  non-porous 
id  fine  texture. 

The  wall  having  been  built  in  sections  of 
om  15  ft.  to  20  ft.,  the  tidal  water  as  it 
Ivances  and  recedes  completely  8urroun<ls 
le  whole  wall  at  the  same  level  during  the 
hole  time  of  its  construction,  and  conse- 
aently  it  has  at  all  times  been  free  from  the 
resaure  of  the  tides.  But  in  order  that  the 
iside  banks  may  be  cleared  away  and  the 
ailding  proceeded  with,  it  will  be  necessary 
0  shut  out  the  water.  Sufficient  time  must 
«  given  for  the  work  to  thorouglily  set,  and 
s  a  rule,  it  is  better  for  a  story  or  two  of 
he  superincumbent  walls  to  be  built  over 
he  river  walls  before  shutting  out  the 
rater,  as  the  additional  weight  is  a  great 
lelp  to  stability.  Six  weeks  or  two  months 
laving  been  given  from  the  building  of  the 
ast  section,  and  as  much  of  the  upper  walls 
u  possible  having  been  built,  the  whole  of 
the  walls,  every  few  feet  apart,  should  bo 


shored  with  whaling  and  wall  pieces,  and 
the  wedges  driven  hand-tight,  so  as  to  resist 
any  outward  pressure  towards  the  inside 
without  forcing  the  wall  outwards.  This 
having  been  done,  the  openings  should  be 
carefully  bricked  up  in  neat  cement,  a  tide 
valve  for  the  exit  of  the  spring  and  other 
water  inserted,  and  the  chief  part  of  the 
river  wall  will  have  been  completed.  Al- 
though the  tid;il  water  comes  up  the  face  of 
the  wall  nearly  to  the  level  of  the  floor 
above  the  basement,  it  will  be  necessary  to 
have  a  damp  course  slightly  below  the  level 
of  the  basement  floor.  This  can  be  of  as- 
phaltc or  of  some  of  the  glazed  stoneware 
damp  courses  now  used,  provided  that  they 
are  not  perforated  or  so  highly  glazed  as  to 
prevent  the  cement  from  properly  adhering 
to  the  joints  and  beds.  A  good  material  of 
this  kind  would  eflectually  prevent  the  water 
from  rising  through  the  wall  when  under  the 
greatest  pressure  of  the  highest  tide. 

As  there  is  a  liability  of  a  greater  amount 
of  wear  and  tear  at  about  the  level  of  the 
highest  water  mark,  and  as  it  is  highly  de- 
sirable to  have  a  good  foundation  for  the 
walls  supporting  the  upper  floors,  and  a 
foundation  of  such  a  nature  as  to  resist  the 
dampness  that  would  constantly  be  liable  to 
arise  from  capillary  attraction,  it  is  usual  to 
put  a  granite  kerb  at  about  this  level.  This 
should  be  in  as  long  lengths  as  possible, 
jttggle-jointed,  the  bed  being  at  least  12  in. 
deep.  For  the  protection  of  the  wall  from 
river  craft,  timber  fender  piles  should  be 
placed  about  8  ft.  apart.  They  are  usually 
of  fir,  and  should  be  Kyauised  or  Burnet- 
tised,  or  undergo  some  similar  process. 
They  should  be  12  in.  square,  and  so  fixed 
to  the  wall  as  not  to  injure  it  in  the  event 
of  great  strains  or  sudden  shocks  being 
given  to  them.  It  is  usual  to  bolt  them 
through  the  wall,  but  where  possible  this 
mode  of  fixture  should  be  avoided.  A 
strong  cast  iron  shoe,  with  a  suitable  flange, 
built  into  the  wall  to  receive  the  bottom  of 
the  pile,  and  a  head  of  a  similar  character, 
with  a  similar  flange,  both  having  bolt-holes, 
and  both  being  secured  to  the  piles  with 
strong  coach  screws,  will  be  found  much 
safer.  Of  course,  in  wharf  walls  having  no 
superstructure  there  will  be  no  alternative 
but  to  bolt  through  the  walls. 

In  designing  river  walls  especial  care 
should  be  taken  to  avoid  projecting  surfaces. 
Any  projections  or  indents  render  the  barges 
or  other  craft  alongside  liable  to  be  caught 
by  them  as  the  tide  rises,  and  held  there  un 
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til  the  wiiter  rises  over  aiid  sinks  tbcm,  or 
until  the  wall  itself  was  lifted  or  shaken. 
To  prevent  8uch  occurrences  the  bolt-heads 
of  the  pi  lea  were  frequently  furnished  with 
flat  circular  cast  iron  rones,  with  holes  sunk 
for  the  bolt  heads,  but  even  fhi.s  slight  pro- 
jection is  objectionable.  No  projecting  kerb 
should  be  put  along  the  edge  of  a  wharf 
wall,  for  it  is  sure  to  be  lifted  hj  the  rising 
of  the  craft. 

Wn  ABF  Walls. — A  wharf  wall  with  no 
supe restructure  upon  it,  and  backed  up  by 
the  bank  will,  if  about  six  bricks  thick, 
generally  be  found  of  sufficient  strength. 
But  where  cellars  or  arched  vauUis  are  re- 
quired, it  h  necessary  to  add  to  its  strength, 
partly  to  resist  the  thrust  of  the  arch,  and  ! 
partly  to  strengthen  the  wall  beyond  any  j 
fear  of  accident.  The  author  had  done  this 
by  building  up  piers  at  the  back,  and  spring- 
ing scgujuntal  arches  upon  them  in  a  longi- 
tudinal direct  ion  J  iroiued  lately  over  which 
the  skewback  of  the  vault  was  formed.  In 
«uch  instances  it  is  always  well  to  cover  the 
backs  of  the  arches  with  asphaUe,  laid  on  in 
two  thicknesses,  and  with  a  slight  fall  to- 
wards the  river,  so  that  any  water  percolat- 
ing through  the  pitching  might  find  its  way 
out  down  the  ouside  face  of  the  wall. 

Inland  Walls. — On  the  laud  side,  in 
works  of  this  nature,  provii^ion  has  to  be 
made  against  a  permanent  pressure  of  water 
which  aecumuhAte,'^  from  the  land  springs  and 
other  courses  which^  in  such  situations,  al- 
ways flowed  towards  the  river.  These  being 
intercepted  by  the  buildings  alongside  the 
river,  it  frequently  happens  that  an  outlet 
docs  not  occur  for  some  considerable  dis- 
tance, and  where  this  is  the  case  the  danger 
of  the  water  finding  its  way  into  the  build- 
ing is  very  great.  As  a  rule^  any  systenti  of 
drainage  below  high  water  mark  had  better 
be  avoided,  as  depending  upon  receiving 
tankSf  penstocks,  tide  valves,  and  other 
costly  and  uncertain  arrangcraents.  Any 
self-acting  apparatus  is  likely  to  get  out  of 
order,  and  any  machinery  dependent  on 
manual  labor  may  at  any  time  fail  through 
neglect.  In  either  case  the  result  would  be 
the  complete  flooding  of  the  basement.  For 
this  reason  all  water  should  be  kept  entire- 
ly ont  of  the  basement,  but  for  this  no  or- 
dinary precautioDs  arc  needed.  More  fail- 
ures occur  in  the  inland  walls  in  respect  of 
keeping  out  the  water  than  in  the  river 
walls.  The  concrete,  for  such  walla  should 
be  composed  as  before  mentioned,  or,  if  not, 
of  Portland  cement,  at  least  of  hydraulic 


lime.     Tho   walls   should  be,  as  a  ntlt. 
least  four  bricks  thick,  even  though  aat 
quired  to  carry  the  superstructure, 
should  be  built  in  cement  and  of  bard  na 
in  the  manner  described  for  the  river  \ 
and  a  water*resisting  medium  of  the 
nature,  as  before  described,  should  k  1 
up  iu  the  center  of  the  wall.     The  wall  i 
the  outride  should  bo  pointed  with  a  Wf 
led  trowelled  joint,  or*  better  stLll,  sbw 
be  rendered  in  neat  Portland  cement, 
last    precaution    will    geuenilly    prov*s 
cheapest   and   most  efficacious  iu  the 
run,  although   somewhat  exprn'^ive  al 
A  damp  course,  as  before  spoken  of,  willf^ 
most  necessary,  or  the  wafer  will  ri^* 
inside  face  of  the  wall,  even  from  ^ 
Crete  upwards,  as,  at  extremely  hi^i 
there  may  >onietiines    be   at    the  t<  y 
concrete  a  pressure  of  over  l,<n 
of  water.     A  lining  of  puddle, 
packed  behind  the  wall  as  it  ri 
foundations,  in  lieu  of  the   oni   .- 
in,  will  be  roost  useful  in  keeping  It 
away  from  the  wall.     For  some  «' 
goods  it  is  desirable  to  have  w      i 
in  the  cellars.     When   this  is  thc^  r 
basement  should   bo   made   lofty  clu    j 
allow  of  such  a  floor  being   pot  in 
requisite  space  for  ventiJation  being 
ed  under  it. 

The   Fluor. — Perhaps   the  floor  tf  tif 
most  important  feature  for  keeping 
water.     In  forming  a  judgment  of  il 
ous  steps  to  be   taken   to  render  tb'   f   -  - 
ment  waterproof,  it  may  be  consider ^  ; 
huge  tank,  which  must  be  made  emir 
at  all  points  waterproof.     Any  wai 
coating  on  the  inside  (which  could  < 
got  at)  would,  if  put  upon  a  sulScicr 
backing,     effect    the    purpose    of 
water.     But  to  keep  out  water,  tL 
place  to  put  the  resisting  material  \^ 
on  the  outside  of  the  wall,  the  1 
inside.     By  the  description  of  i 
tion  of  the  side  walla,  it  will  hv  - 
this  has  been  so  far  effected.     In  r 
ing  of  the  side  walls  the  first  pp'  "- 
wards   keeping   the   water  from    r 
through  the  floor  will  be  to  break  tht 
joint  at  the  juncture  of  the  floor  aUvi  ■■-—- 
Every  alternate  course  of  the  brickwork  be- 
low the  floor  level  should  be  built  oai  tt 
least  a  quarter  of  a  brick   for  a  heiehi  ^ 
eight  or  nine  courses.     The  brick  y       ^ ' 
the  supports  of  the  floors  should  Im* 
constructed.     The   first  layer  of   ti. 
should  be  puddle,  not  leas  than  18  iu.  ^L^^ 
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sure  to  drive  tbe  water  to  the 
value  of  the  toothings  will  be 
The  puddle  should  be  well  ram- 
these  toothings.  The  next  layer 
formed  of  asphalte,  a  thin  layer 
)  (say  4  in.  thick)  being  laid  over 
e  to  receive  it.  The  asphalte 
aid  on  in  at  least  two  thicknesses, 
of  hard  bricks  or  gault  tiles 
bedded  against  the  walls  — 
illy  the  piers — until  a  good  firm 
)ecn  obtained  of  the  brickwork, 
ite  should  be  carefully  watched, 
sible,  left  till  a  high  tide  has 
isisting  powers.  Wherever  the 
.  occurs,  a  gault  tile  laid  over  it 
r  layer  of  asphalte  laid  over  that 
ly  stop  it.  At  all  events,  the  as- 
:  be  laid  on  layer  after  layer  until 
:)uered  the  water,  and  it  should 
efully  trowelled  against  the  up- 
of  the  piers  and  walls  as  high  as 
j^er,  which  is  formed  of  Portland 
fine  ballast,  in  the  proportions 
ve,  and  laid  on  12  in.  thick,  the 
being  grouted  to  form  a  floor  or 
iny  floor  that  may  be  put  on  it. 
ike  one  solid  mass  of  stone,  and 
lable  in  keeping  the  asphalte  in 

alte  is  not  put  on  the  surface  be- 
uthor  had  found,  both  in  upright 
rork,  that,  however  efficacious  it 
t  mere  dampness,  owing  to  its 
.re,  it  parts  from  its  backing  and 
cracks  wherever  there  is  even  a 
ure  of  water,  and  when  once  this 
,  it  is  powerless  to  resist  the  in- 
iter.  Where,  however,  it  is  con- 
en  hard  substances,  such  as  those 
le  flooring,  or  between  a  brick 
not  move,  and  retains  its  water- 
.ualities.  The  interior  of  the 
d  be  coated  with  aj?phalte,  and  if 
sufficiently  dry  to  admit  of  that 
the  joints  should  be  raked  out, 
3   hacked,    and   a  lining  of  two 

of  gault  tiles  bedded  in  neat 
ement,  finished  with  a  trowelled 
ould  be  applied.  This  lining 
down  to  the  edging  of  the  gault 
phalte,  before  mentioned,  and  the 
lould  be  turned  up  against  it. 
;  should  be  the  best  obtainable. 
Id  be  turned  out  of  the  bags  and 
for  twenty- four  hours  l)efore  use 

chance  of  blowing  in  the  setting. 
and  cement  are  carefully  applied 


by  plasterers,  the  walls  will  be  rendered 
waterproof.  Mr.  Plumbe,  in  conclusion, 
said  the  precautions  he  had  pointed  out  were 
nearly  all  necessary  for  the  successful  exe- 
cution of  the  description  of  work  referred 
to,  and  he  could  recommend  them  as  having 
practically  tested  them. 

AIR-SURFACE  CONDENSER& 

THEIR   PRINCIPLES  AND  PROPORTIONS. 
From  "  EDgineering.'' 

When  a  tube  heated  internally  by  steam 
or  other  means  is  exposed  to  the  air,  it  loses 
heat  in  two  ways,  namely,  by  radiation  and 
by  convexion,  the  amount  of  heat  lost  by 
each  of  these  means  being  subject  to  con- 
siderable variation,  according  to  the  tempe- 
rature of  the  tube  itself,  the  temperature  of 
the  air  in  contact  with  it,  the  temperature 
of  surrounding  objects,  and  other  circum- 
stances. At  low  temperatures  the  loss  by 
radiation  may  be  taken  as  sensibly  propor- 
tionate to  the  difference  between  the  tempe- 
ratures of  the  emitting  and  receiving  bodies ; 
but  at  high  temperatures,  and  with  great 
differences  of  temperature,  this  law  does  not 
hold  good.  The  loss  of  heat  by  convexion, 
or  by  contact  of  the  air,  does  not  vary  di- 
rectly as  the  difference  of  temperature  be- 
tween the  heated  body  and  the  air,  but  be- 
comes proportionately  greater  as  that  differ- 
ence is  increased.  The  laws  which  govern 
the  cooling  of  heated  bodies  exposed  to  the 
air  are,  in  fact,  somewhat  complex,  and  we 
shall  not  attempt  to  enter  fully  into  their 
consideration  here,  but  shall  merely  apply  to 
the  case  under  consideration  the  data  which 
have  been  obtained  by  reliable  experiments. 

The  most  valuable  researches  on  the  cool- 
ing of  heated  bodies  exposed  to  the  air  are 
those  of  Dulong,  who  has  deduced  from  his 
experiments  some  excellent,  though  some- 
what complicated,  formulae  for  calculating 
the  loss  of  heat  under  different  conditions. 
According  to  the  experiments  of  Dulong,  a 
horizontal  pipe,  2  in.  in  diameter,  contain- 
ing steam  at  atmospheric  pressure,  and  free- 
ly exposed  to  air  at  a  temperature  of  about 
57**,  would  be  subject  to  a  loss  of  heat  suf- 
ficient to  condense  .34  lb.  of  steam  of  at- 
mospheric pressure  for  each  square  foot  of 
exposed  surface  per  hour.  If  the  pipe  were 
filled  with  steam  at  a  pressure  of  lOO  lb. 
per  sq.  in.,  the  temperature  of  the  external 
air  remaining  the  same,  the  loss  of  heat 
would  be  sufficient  to  condense  about  0.8  lb. 
per  square  foot  of  surface  per  hour.     These 
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results  agree  very  closely  with  those  ob* 
taiDcd  m  the  course  of  ordinary  practice  by 
Messrs.  Perkins,  who  have  had  very  eon- 
eidertible  experience  in  beating  by  steam 
pipes.  Messrs.  Perkins  have  found  that  in 
the  case  nf  pipes,  charged  i^nth  steam  ut  a 
pressure  of  liVO  Ih,  per  sq.  in.,  about  100 
SC|.  ft.  of  exposed  surface  are  requisite  to 
condense  per  hour  the  s*team  produced  by 
the  evaporation  of  a  cubic  foot  of  water, 
whilst,  when  the  steam  in  the  pipes  i«  of 
atriio:?phcric  pressure,  about  loU  square  feet 
of  surface  are  required  to  produce  the  same 
result.  The  amounts  of  »tcam  condensed 
under  the  two  circumstances  were  thus 
0.G25  lb.  and  0.417  lb.  per  sq.  ft.  per  hour, 
quantities  which  agree  \ery  fairly  with  those 
given  by  the  researches  of  Dulong.  These 
results,  it  must  be  borne  in  nund,  are  due 
to  the  combined  losses  by  radiatiun  and  con- 
tact of  air;  but  in  the  case  of  a  surface 
condenser,  consisting  of  tubes  sutrounded 
by  steam  and  traversed  by  currents  of  air, 
the  loss  of  heat  by  radial  Ion  would  be  vastly 
reduced,  the  cooling  effect  being  almost  en- 
tirely due  to  the  contact  of  air  abtno.  Un- 
der these  circumstances  the  value  of  the 
cooling  surface  woubt  bo  diminished  to 
about  one-half  that  of  surface  freely  ex- 
posed to  the  air,  and  instead  of  each  square 
foot  being  capable  of  condensing,  per  hour, 
about  i  lb.  of  steam  of  atmospheric  pres- 
sure, it  would  only  be  oapsible  of  condensing 
little  more  than  loilf  that  quantity.  Oii  the 
other  hand,  the  steam  discharged  into  the 
condenser  will,  in  all  cases,  have  a  tempera- 
ture higher  than  that  due  to  steam  at  atmos- 
pheric pressure,  and  this  excess  of  tempera- 
ture, combined  with  the  rapid  circulation  of 
the  air  through  the  lubes,  caused  by  a  fan 
or  other  contrivance,  will,  to  some  extent, 
increase  the  efficiency  of  the  condensing  sur- 
face; and  taking  all  these  facts  into  con- 
sideration, we  may,  we  think,  fairly  estimate 
Ihe  value  of  such  tube  surface,  as  about 
«qual  to  that  of  freely  exposed  surface  heat- 
ed by  steam  at  atmospheric  pressure,  each 
8c|uare  foot  being  capable  of  condeusingf 
say,  ^  lb,  of  steam  per  hour. 

TaKing  this  fact  as  our  starting  point,  let 
m  next  ascertain  the  dimensions  of  an  air- 
BUrfaee  condenser,  suitable  for  such  an  en- 
gine as  that  mentioned  by  our  correspon- 
dent. It  1-5  proposed  that  the  boiler  of  this 
engine  should  have  100  sq.  ft,  of  heating 
Burfaee,  and  this  surface  is  estimated  to  be 
capable  of  evaporating  5  lb.  of  water  per 
aquare  foot  per  hour.    The  total  evaporation 
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would  thus  be  IBO  X  5  =  »(K>  lb.  of  .»»- 

per  hour;  and,  supposing  the  who'- 
steam  produced  to  be  ns<»d  by  th* 
the  condenser  would  require  to  h*\ 
a  =  2,4(H>  sq.  ft,  of  surface,      \ 
suppose   the  condenser  to  he  ' 
tubes  I  in.   in  diantctcr  inside,   \^ 
have  almost  exactly  ith  of  a  sq.  ft 
ing  surface  for  each  foot  run  of  tbi- 
and   to   obtain  the  2,400  sq.  ft.   ot 
there   would  have   to  be   llJ,'^' 
tubing  in  all.     If  the  tubes  w*  i 
2,000  of  them  would  thu?»  be  requ; 
these   could   probably   be    stowed   -. 
casting  about  4  ft.  G  in.   in  diameter; 
3,000   tubes,  4  ft.  long*  were  enip!^ 
make  up  the  surface,  ther  could  be  . 
within  a  casing  having  a  diameter 
5  ft.  G  in.     In  estimating  thes*?  dn 
of  the   casing,   we    have    suppo>cd  luv  :^ 
tanees  between  the  tubes  to  be  |  in.    TV 
weight  of  the  condenser  would  1:«  Drarljti*^ 
quite,  three  tons. 

Next,  let  us  calculate  the  qn 
which  it  would  be  necessary  tu 
condenser  in  order  to  carry  off     i     ■-  ^  i> 
stracted  by  the  steam;  and  in  u.j»         '1^ 
calculation  we  may  fairly  assume 
steam  would   be  discharged  into  l„- 
denser  at  a  pressure  of  about  15  lb.  {•^  «!* 
in.  above  the  atmosphere.     The  tfltJ  tic^ 
of  fileara  at  this  pressure  is  1,19<>*,  tn/l  tt 
reduce  a  pound  of  such  steam  to  w^l^tta 
temperature   of  212^  there   won  hi  hart  li 
bo  abstracted  1,1!:hj— 212  =  07 
grees,  or  units  of  heat.      Mtjl 
number  by  800,  the  number 
steam    to   be   condensed   per   " 
800  X  ^^>T8  =  782,400  as  the  nu 
of  heat  to  be  taken  up  per  h- 
passed  through   the  condenser*     Wow,  tJu 
specific  heat  of  air,  at  the  ordinary  ^'v.n^ 
pheric  pressure,  is  to  that  of  waler 
to  1,  and  a  unit,  or  pound-degrve. 

will  therefore  raise  a  pound  of  air 

4  2*.     If  we  assume  that  this  air  en 

condenser   at   a    temperature   of    ' 
leaves  it  at  120*',  its  temperntun'  h 
ruised  GO'*,  the  quantity  nf 
be,  according  to  the  facts  . 
782,400X4.2 
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:==  55,721.6  lb.  ofairpcrh«flir. 


At  a  temperature  of  03%  the 
is  0.0761  lb.  per  c.  ft.»  and  th 

would  thus  correspond  to 

u, 

213  cubic  feet  per  hour. 


lit 


^Ik 
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low  come  to  another  point,  namely, 
rer  re^inisite  to  furuish  this  supply  of 
the  condenser.     If  we  suppose   the 

0  contain  2,000|  in.  tuhes,  6  ft.  long, 
ubes  will  have  a  combined  sectional 
'  6.138  sq.  ft.,  and  the  velocity  at 
they  would  be  traversed  by  the  air 

To  produce  a  flow  of  this  velocity 
rould  be  required,  according  to  the 
y  rules  for  calculating  the  flow  of  air, 
^posing  DO  resistances  from  friction, 
ence  of  pressure  at  the  two  ends  of 
idenser   equal   to  a  head  of  about 

1  lb.  per  sq.  in.  Again,  in  the  case 
n.  pipe  a  foot  long,  there  is  required 
snce  of  pressure  of  0.000073  lb.  per 
it  the  two  ends,  in  order  to  overcome 
jtional  resistances  due  to  the  trans- 

of  one  cubic  foot  of  air  per  minute; 
SG  resistances  increase  directly  as  the 
Df  the  pipe,  and  as  the  square  of  the 
J  of  air  passed  through  it.  In  the 
ler  with  2,000  tubes,  each  tube  would 

.transmit  ^^•21|_=  6.1017,    or. 

L  cubic  feet  per  minute,  and,  as  the 
re  6  ft.  long,  the  difference  of  pres- 
the  two  ends,  to  overcome  the  fric- 
'caistances  due  to  the  transmission  of 
antity,  would  be  6.1'X0x0.000073 
529798,  or,  say,  0.0163  lb.  per  sq,  in. 
;  this  pressure  to  that  formerly  ob- 
as  necessary  to  give  the  required 
r  of  flow,  we  get  0.0163+0.00916  = 
)  lb.  as  the  difference  between  the 
es  at  the  two  ends  of  the  condenser 
requisite  in  order  that  they  may 
t  the  necessary  quantity  of  air. 
difference  of  pressure  of  0.02546  lb. 
in.  is  the  pressure  against  which  the 
'  other  blowing  apparatus  employed 
ly  air  to  the  condenser — would  have 
er  the  air;  and  the  net-work  done 
fan  will  bo  the  same  as  if  the  whole 
of  air  was  raised  to  a  height  equal 
of  a  column  of  air  of  uniform  dens- 
;h  would  give  the  same  pressure  per 
on  its  base  as  that  against  which 
has  to  deliver.  At  the  temperature 
the  height  of  a  column  of  air  giving 
ire  of  1  lb.  per  sq.  in.  on  its  base,  is 
t.,  and  the  height  corresponding  to  a 
e  of  0.02546  lb.  per  sq.  in.  is  thus 
:0.02546  =  48.17032,  or,  say,  48.2  ft. 
al  weight  of  air  passed  through  the 
WT  per  hour  being  55,721.5  lb.,  the 
Vol.  T.— No.  6.-36. 


work  to  be  done  by  the  fan  will  amount  to 

55,721.5X48.2     ^  -^o  «  ^  lu 

-  =  44.762.9  ft.-lb.  per  mm. 
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This,  it  must  be  remembered,  is  the  net 
amount  of  work  performed  by  the  fan,  as 
measured  by  the  quantitv  of  air  delivered, 
and  it  will  form,  probably,  not  more  than 
60  per  cent,  of  the  power  required  to  drive 
the  fan,  and  consequently  taken  from  the 
engine.  Taking  the  effective  duty  of  the 
fan  as  equal  to  60  per  cent,  of  the  power  ap- 
plied to  it,  we  should  thus  have  ^'"^^pjll^ 

60 

=  74,605  ft.-lb.  of  work  per  minnte,  or  2.2b 
horse  power  absorbed  in  driving  the  fan,  an 
amount  probably  equal  to  quite  one-eighth 
of  the  total  indicated  power  developed  by 
the  engine. 

If,  in  place  of  2,000  tubes  6  ft.  long, 
3,000  tubes  4  ft.  long  were  used  in  the  con- 
denser, the  power  required  to  work  the  fan 
would  no  doubt  be  very  considerably  reduced, 
but  it  is  unnecessary  that  we  should  do  more 
than  point  out  this  fact  hero.  Quite  apart 
from  the  power  absorbed  in  driving  the  fan 
the  air-surface  condenser  is  rendered  unfit 
for  application  to  a  portable  engine  by  rea- 
son of  its  cumbrousness,  and  there  are  real- 
ly but  very  few  situations  in  which  it  can 
be  applied  to  engines  of  any  class  with  ad- 
vantage. So  far  as  we  are  aware  the  only 
method  of  increasing  the  efliciency  of  con- 
densers of  this  class  is  by  moistening  the  air 
either  by  the  injection  of  spray  or  other 
means,  or  by  causing  the  cooling  surface  to 
be  traversed  by  a  thin  film  of  water,  as  has 
been  successfully  done  in  some  instances. 


RESISTANCE  OF  ARMOR  PLATE& 

From  a  paper  by  Wm.  Fairbairn,  0.  E.,  LL.  D., 
F.  R.  S.,  read  before  the  Inittitnte  of  Naral  Ar- 
chiteota,  March  18,  1869,  and  the  entuiog  dis- 
cussion. 

After  a  brief  statement  of  the  progress  of 
marine  iron  constructions  from  1836  to  the 
present  time,  the  paper  stated  that  shortly 
after  the  appointment  of  the  Iron-plate  Com- 
mittee, guns  of  different  calibers  were  em- 
ployed in  the  experiments,  from  the  wall 
piece  .87  in.  bore  and  5^  oz.  of  shot,  to  the 
600-pounder  breech-loader.  The  experiments 
commenced  in  May,  1861,  with  the  wall  piece 
and  the  smaller  description  of  guns,  and  fin- 
ished with  the  more  powerful  description  of 
ordnance  in  1864,  when  the  committee  was 
dissolved.  During  the  continuance  of  the 
gun  experiments,  it  was  considered  necessary 
that  a  similar  class  of  experiments  by  stati- 
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amcter  of  the  shot,  and  1.28  was  the 
im  thickness  of  perforation.  If  he 
16  next  figure,  1.46,  then  the  other, 
%8  greater;  if  he  took  the  next,  1.84, 
35  was  greater;  and  2.34  was  smaller, 
8  was  again  greater.  These  were 
:ed  shot.  As  far  as  these  experiments 
t  would  appear  simply  thus,  that  for 
aller  diameter  they  might  take  the 
iameter  of  the  shot  as  the  thickness  of 
te ;  but  as  the  diameter  became  larger 
ired  a  somewhat  thicker  plate  to  resist 
lat  was  a  summary  of  the  conclusions 
n  the  paper. 

E.  J.  Reed  said  this  paper  had  a  value 
sculiar  kind,  because  it  placed  before 
ititution  the  experimental  results  ob- 

by  Mr.  Fairbaim  in  connection  with 
'estigations  of  the  Iron-plate  Commit- 
lich  investigations  had  up  to  that  time 

sealed  book  to  the  Institution  and  to 

iblic.     Several  points  required  expla- 

Among  others  the  following:     He 

t  quite  understand  what  was  meant  by 

that  the  indentation  was  .37  with  a 
ended  punch,  and  .1  with  a  flat-ended. 
»umcd  the  undulation  was  measured 

innermost  point  of  the  punch,  and  if 
\  comparison  between  the  perforation 
he  flat-ended  and  round-ended  punch 

be  very  different  to  what  the  figures 
(?nt.  Again,  he  could  not  persuade 
f  that  the  first  formula  written  down 
rictly  accurate;  that,  in  point  of  fact, 
ressure  was  entirely  proportionate   to 

the  thickness  of  the  plate  or  the  in- 
ion ;  because  if  they  took  the  amount 
;e  expended  in  punching  a  plate,  there 

be  a  very  great  variation  in  the 
it  of  force  exerted  upon  that  punch 
;  its  passage  through  the  plate.  He 
It  there  would  be  a  great  diminution 
istance  per  element  of  perforation  in 
lion  as  they  approached  the  inside  of 
Ate;   in  other  words,  when  they  got 

through  they  finished  the  work  much 
easily  than  when  they  commenced  it, 
e  formula  that  P  raised  twice  r',  left 
aite  out  of  consideration. 

Bramwell  said  he  gathered  from  the 
that  the  experiments  in  punching  plates 
i  the  resistance  to  be  directly  as  the 
ter  multiplied  into  the  thickness  of  the 
The  formula  on  which  they  agreed 
16  value  of  a  plate  to  increase  as  the 
t  of  the  thickness.  If  that  were  so,  it 
aeem  the  resistance  of  the  plate  to  im- 
ras  very  considerably  diff'erent  in  its 


law  to  the  resistance  of  the  plate  to  punch- 
ing. With  regard  to  the  round-ended  punch, 
it  was  stated  in  the  reading  of  the  paper  that 
the  work  done  to  perforate  a  plate  by  the 
round-ended  punch  was  greater  than  to  per- 
forate it  by  the  flat-ended  punch.  In  per- 
forating armor  plates  by  shot  when  there  was 
the  same  amount  of  work  residing  in  the  shot, 
the  shot  with  pointed  ends  did  its  work  with 
more  facility  than  the  flat-ended  shot;  so 
that  there  did  seem  to  be  a  very  considerable 
contradiction  between  the  different  statements 
in  the  paper. 

THE  New  Turret  Ship  "Captain." — 
The  armor-plated  twin-screw  turret  ship 
Captain,  built  by  Messrs.  Laird  Brothers,  of 
Birkenhead,  from  the  designs  of  Captain 
Coles,  as  the  representative  ship  of  his  tur- 
ret system,  was  recently  launched  with  her 
engines  on  board  and  completely  fitted. 
There  are  two  separate  pairs  of  double 
trunk  engines,  each  pair  driving  a  separate 
screw  propeller  17  ft.  in  diameter.  The 
collective  force  of  the  engines  is  900  horse- 
power, nominal.  The  general  construction 
of  the  hull  of  the  Captain  is  similar  to  that 
of  the  large  armor-olad  ships  built  for  her 
Majesty's  navy.  The  turrets,  two  in  num- 
ber, and  each  carrying  two  600-pounder  25 
ton  guns,  project  through  circular  openings 
in  the  upper  deck.  The  part  exposed  to 
shot  is  covered  with  armor  plates  10  in. 
thick  about  the  ports,  and  for  one- third  the 
circumference,  and  with  plates  9  in.  thick 
for  the  remainder,  while  the  lower  part  and 
all  the  gearing  is  protected  by  8  in.  armor 
on  the  side  of  the  hull.  The  height  of  the 
center  of  metal  of  the  guns  is  12  ft.  above 
the  water  line,  which  will  admit  of  their 
being  fought  at  sea  in  very  heavy  weather. 
The  turrets  are  each  29  ft.  external  and  22 
ft.  6  in.  internal  diameter.  The  low  part 
below  the  armor  sheaf  is  constructed  in  a 
cellular  form,  large  openings  being  left  for 
entrance  and  for  passing  in  ammunition ; 
these  openings  serve  also  to  ventilate  and 
light  the  lower  decks.  The  turrets  are  sup- 
ported by  a  strong  girder  on  the  lower  deck, 
and  revolve  on  a  series  of  cast  iron  rollers, 
being  kept  in  position  by  a  solid  wrought 
iron  spindle  securely  fixed  in  the  deck  and 
carried  down  to  the  orlop  deck  ;  they  are 
fitted  with  a  complete  system  of  hand-turn- 
ing gear  in  addition  to  the  steam  gear.  This 
steam  gear  is  worked  by  a  separate  pair  of 
engines  for  each  turret  placed  on  the  orlop 
deck  below  the  turret,  where  they  are  thor- 
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oiighly  protected  from  any  chanco  of  injury. 
The  gear  for  starting  thc»e  engines  la  mo  ar- 
raogetl  tliat  it  may  b«  worked  either  on  the 
lower  deck  outside  the  turret,  or  by  a  sys- 
tem of  roda  led  up  through  the  central  spin- 
dle to  the  sighting  platform  by  the  eiiptain 
of  the  turret  himself,  who  can  thus  take 
aim  and  direct  the  guna  in  the  turret. — The 
Engineer* 

BUTCHERS*  Stkel  Froos, — The  last  re- 
port of  the  chief  engineer  of  the  Kead- 
ing  Railroad  says :  **  The  result  of  our  ex- 
perience with  the  Wni,  Butcher  cast  steel 
reversible  frogs  has  been  very  satisfactory. 
Of  73  put  down,  only  one  has  been  remov- 
ed, on  account  of  defects  at  one  end,  and 
none  have  been  turned." 


I  uot  to  a  coniiDercial  company,  then-  ^'*^! 

,  no  doubt  that  it  would  be  more  uatlL 

'  Greek  nation,  and  would  not  n^t  uiti: 
money  than  a  fleet  of  iron  elad^  to  drift  ik 
Ottoman   fleet   out  of  the  Arebipt' 

I  which   the    Hellenes    are   raiding 
tions,** 


ANOTHER  Proposed  Snip  Canal. — The 
Greek  correspondent  of  the  '*  London 
Times  ^'  write  a  :  ''  The  project  of  cutting  a 
canal  through  the  Isthmus  of  Corinth  has 
been  again  discussed  at  Athens,  and  some 
people  here  think  that  circumj^tances  render 
the  execution  of  the  enterprise  perfectly 
practicable  and  ultimately  n.seful,  even 
should  it  not  be  immediately  profitable.  In 
a  few  months  the  work  of  M,  de  Lcsseps  at 
tbe  canal  of  Suez  will  be  so  far  completed 
that  a  number  of  powerful  machines,  admir- 
ably suited  for  work  at  the  Isthmus  of 
Corinth,  may  be  obtained  at  a  comparative- 
ly small  coiit.  Skilled  workmen  will  al<o 
be  ready  for  employment,  whose  labor  could 
be  obtained  at  an  expenditure  trifling  in 
comparison  with  what  Greece  would  be  call- 
ed upon  to  pay  under  any  other  cireum- 
Btances.  No  such  favorable  opportunity  of 
constructing  a  canal  through  the  Isthmus  of 
Corinth  is  ever  likely  to  reour,  A  glance 
at  the  map  of  the  Mediterranean  shows  how 
important  such  a  canal  would  be  for  the 
trade  of  all  the  ports  of  France,  Italy  and 
Austria  with  Smyrna,  Constantinople  and 
the  Black  Sea.  The  ports  at  both  cuds  of 
the  canal  would  not  rer|uirc  any  very  great 
expenditure,  and  the  canal,  if  made,  could 
be  kept  open  at  very  little  cost.  Its  length 
would  be  three  miles  and  three-quarters,  but 
there  \%  an  elevated  plain  of  limestone 
through  which  it  must  be  carried  that  rises 
to  an  elevation  of  250  ft.  for  a  length  of 
more  than  a  mile.  It  is  calculated  that  to 
construct  a  canal  150  ft.  broad  aLd  40  ft. 
deep  would  require  the  excavation  of  about 
12,000,000  cubic  yards  of  rock  and  clay. 
Whether  the   work  would  be  profitable  or 


EFFECTS  OF  COLD  Xm^  IROS. 

Frum  **  EngifjeeriDg.'* 

All  railway  experience  in  those 
of  which  tbe  climate  presents  extretrf 
of  temperature  haa  shown  that  raib  i 
often cr  in  w^inter  than  in  summer 
been  suggested  that  the  chief  reason  is 
the  road- bed «  being  frozen  in  wiut«'r,  af 
no  elasticity  to  the  sleepers,  the  spfii 
the  ballast  being  supposed  to  afford  i 
protective  power.  A  theory  advatiftd 
Mr.  Colburn  in  1863  has  gained  sorae 
ance,  viz.,  that  all  iron  is  eharged, 
greater  or  less  extent,  within  its  pora, 
moisture.  It  is  well  known  that  watct 
be  forced,  almost  in  spray,  through  the 
of  a  hydraulic  press  cylinder  undrr  pai 
pressure,  and  all  iron  is  found  to  ht  mami 
less  porous  when  the  attempt  tj  madt  U  i^ 
tain  highly  compressed  air  within 
constructed  of  that  material.  It  i»  a 
tion  how  far  the  great  expansion  of  linisJ 
and  lead,  indeed^  of  all  the  more 
metals  when  heated,  is  due  merely  and 
to  their  low  cohesive  resistance,  or  lo 
expansion  of  interstitial  moisturo  aeiiA| 
against  a  comparatively  small  rc»iitiD«. 
If  moisture  be  present,  as  there  i*  v\^ 
reason  to  believe  it  is  in  all  iron,  it*  fr^eti&f 
will  fully  account  for  the  failure  of  iroo  fiili 
in  extremely  cold  weather. 

In  1S07  Mr.  C.  P.  Sandberg,  SwtdiA 
Government  Inspector  for  railway  roaiemk 
for  the  railways  of  his  native  countrj.  tnidi 
a  most  important  series  of  experiiDcntiupoii 
the  strength  of  rails  at  difl*erent  trnipef** 
tures — ranging  from  10*^  to  84*^  Fahrenkii 
To  make  .sure  that  the  question  of  thp  ^m* 
parative  rigidity  of  supports  did  not  af^ 
the  results,  ho  made  his  trials  upt»n  ^^^ 
planed  surface  of  a  granite  rock,  anfl  tipo* 
which  were  placed  two  bearing  blockj  rf 
granite,  4  ft.  apart,  upon  wbiob  tbe  triv 
rails  were  laid.  Each  rail  was  tailed  witi 
a  falling  weight,  a  0  ewt.  iron  ball  rtiM^ 
progressively  to  heights  varying  frum  5  ft. 
to  11  ft.  The  foHuwiug  most  imwirtiit 
table  of  results  fully  explains  it*elf*  th^ 
showB  bow  brittle  were  the  raiU  in  eiti^tt* 
cold  weather  as  compared  with  summej^hiat: 
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CLASS  OP  RAIL. 


B  .les'8 


«.= 


a  Ss  Broke 


8-S 


Pi 


CLASS  OF  RAIU 


g  I  Broke 


re  rail  No.  1,  SI  (i.  long., 

do  , 

f  oi  the  MOM  rail , 


sraU. 


■rkftUoT 

do  

do  

do  

:  twisted  and  eould  not  be  ( 
.farther ( 


r«  raU  No  9,  21  ft.  long 

do  

f  of  the  same  rail 

do  

do  

do  

crkali' of  Mine  rail 

do  

do  

do  

do  c 

do'  

do  


f  rmil  No. a;  SI  ft.  long. , 


do  

r  of  the  eame  rail 

do  

•r  half  of  eaiae  rail 

do  

do  

B  twisted  and  could  not  be  ( 
trly  tefted  further  \ 


/e  rmil  No.  4.  21  ft.  long 

e  hall'  of  same  rail 

wr  half  of  same  rail 

do  

do  

do  

e  twUted  and  could  not  be  ( 
further ( 


ire  rail  No.  5,  91  ft. 

do 

do 

(Jo 

do 

do 
ilf  of  the  same  rail. 

do 

do 
ler  half  of  same  rail. 

do 

do 

do 

do 

do 

do 

M  rail  No.  8,  31  A. 

do 
■  half  of  same  rail, 
ler  half  of  same  rail. 

do 

do 

do 

do 

do 

do 

re  rail  No.  7,  21  ft. 
I  half  of'  same  rail. 
erhalf  of  same  rail. 
do 


i\ 


Broke 


Broke 


Broke 


Brok< 


broke 


Broke 
Broke 


1 

5 

1 

5 

1 

5 

2 

« 

1 

3 

7 

'2 

4 

8 

3 

5 

U 

4 

6 

10 

« 

Broke 
Broke 


I 
i 

ai  i! 
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The  other  half  of  tame  rail. . 
do 

Creotot  rail  No.  1,  n  ft.. 

do 

do 

do 
Tlie  one  half  of  tame  rail . . 

do 

do 

do 
The  other  half  uf  same  rail . . 

do 

do 

do 

do 

do 

Creoiot  rail  No.  S,  21  A.. 

do 

do 
One  half  of  the  same  rail . . 

do 
The  other  hal  f  of  same  rail . . 

do 

do 

do 

do 

Creujot  rail  No.  3;  21  ft  , 

do 
One  half  of  the  same  raU 

do 

do 
Tlie  other  half  of  same  rail  . 

do 

do 

do 

do 

Grensot  rail  No.  4,  31  ft. . 

do 

do 

do 

do 
One  half  of  the  same  rail. . 

do 
The  other  half  of  same  rail. . 

do 

do 

do 

do 

do 

Creusot  rail  fNo.  5,  91  fl.. 

do 

d. 

do 
One  half  of  the  same  rail.. 
The  other  half  of  same  rail . 

do 

do 

do* 

do 


Belgian  rail  No.  1,  21  ft.. 
One  half  of  the  same  rail.. 

do 
The  other  hal  f  of  name  rail . . 

do 

do 

do 

Belgian  rail  No.  2,  21  ft. 
()nu  liulf  of  the  aame  rail. 
Tae  other  half  of  same  rail. 

do 

do 

do 

do 
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le  axis  K,  which  is  squared  at  the  point  of 
mUici  with  the  tumbler,  so  that  as  the 
imbler  is  raised  or  depressed  the  axis 
mweM  with  it  and  so  alters  the  position  of 
I  udieator  outside  the  loc^^.  The  hand 
Ipr  0«  in  its  downward  movement,  serves 
the  breech  and  draw  back  the  sriker. 
Mbler  moving  with  the  lever  engages 
■■If  OB  the  nose  F  of  the  trigger.  A  fur- 
Mr  oontinaed  downward  movement  of  the 
'ver  O  acts  against  the  inner  face  of  the 
>llow  screw  C,  and  causes  the  breech  block 
.  to  lower  itself  on  its  pin  as  a  center. 
he  upper  part  of  the  lever  G  is  forked, 
id  embraces  the  tumbler  as  shown  at  E  E, 
r.  3.  As  the  lever  is  pressed  down,  the 
reech  block  is  opened,  and,  as  it  moves, 
le  tumbler  is  forced  back,  drawing  back 
le  striker,  and  compressing  the  main  spring 
;  the  same  time,  till  the  nose  F  of  the  trig- 
sr  engages  with  the  tumbler  rest.  The 
tfaet  of  the  tumbler  rest  is  to  relieve  the 
^ggnr  Droni  the  whole  weight  of  the  tum- 
br  and  main  spring.  As  the  trigger  is 
raaied.  its  first  movement  relieves  the  tum- 
Icr  from  its  rest.  The  whole  weight  of 
iw  npring  is  now  on  the  trigger,  and  a  fur- 
ber  pressure  releases  it.  The  working  of 
be  extractor  is  easily  understood  from  a 
lance  at  the  engraving;  but  at  the  same 
ime  it  will  be  well  to  remark  that  the  lower 
rm  of  the  extractor  H  is  so  shaped  that 
he  first  impact  of  the  breech  block  with  it 
erves  to  loosen  the  cartridge  case  in  the 
hamber  ;  then,  as  it  further  descends,  the 
Bocion  of  the  extractor  is  more  rapid,  and 
he  case  is  ejected  clear  of  the  gun.  Fig.  3 
I  a  transverse  section  of  the  breech  block 
neehanism  through  the  plane  x  y,  fig.  1. 

In  the  early  patterns  of  the  Martini  sys- 
em  an  indicating  pin  was  provided  at  the 
lack  of  the  breech  block  and  in  the  upper 
Alt  of  the  stock,  which  projected  when  the 
jrm  was  cocked.  This  indicator  was  work- 
d  by  the  head  of  the  striker,  and  as  it  was 
oand  to  get  out  of  order,  another  and  more 
imple  indicator  was  substituted.  As  men- 
ioned  above,  this  last  improvement  is  fixed 
n  the  end  of  the  tumbler  axis,  and  there- 
9re  shows  exactly  the  position  of  the  tum- 
ler.  In  order  to  obviate  any  danger  that 
light  arise  through  carrying  the  arm  loaded 
nd  cocked,  the  committee  added  a  safety 
olt  S,  which  engages  with  the  trigger,  and 
irevents  it  being  moved.  Other  minor  im- 
irovements  have  been  made,  such  as  light- 
taing  the  cleaning  rod,  and  modifying  the 
hape  ftod  position  of  the  sight. 


The  cartridge  for  this  rifie  is  the  inven- 
tion of  Mr.  Henry,  and,  as  it  will  be  con- 
tained in  a  central-fire  Boxer  case,  it  is 
called  the  Boxer-Henry  cartridge.  It  is 
450  gauge,  the  bullet  weighing  480  grains, 
and  is  composed  of  lead  hardened  with  tin. 
A  paper  wrapper  is  placed  round  the  bullet, 
the  edges  being  returned  into  a  slight  cavity 
at  its  base.  Pure  beeswax  is  used  for  lubri- 
cation, and  is  placed  between  three  discs 
made  from  jute  cardboard.  The  charge 
consists  of  eighty-five  grains  of  powder. 
This  cartridge  is  shown  in  section  in  the 
barrel  of  the  rifle  at  fig.  1. 

Turning  from  the  breech  mechanism  and 
the  cartridge  to  the  barrel  of  the  new  arm, 
we  may  observe  that  it  is  35  in.  in  length, 
and  is  rifled  upon  Mr.  Henry's  principle, 
shown  in  section  in  fig  4.  This  is  known  as 
the  polygonal  system,  and  is  seven-sided. 
Down  each  angle  formed  by  the  intersection 
of  the  planes  of  the  polygon  is  a  raised  rib, 
which  is  tangential  to  the  same  imaginary 
circle  as  that  to  which  the  plane  sides  of 
the  bore  are  tangential.  This  form  of 
rifling  leaves  the  bore  more  cylindrical 
than  any  other,  except  perhaps  the  Arm- 
strong many-grooved  system.  In  it  what 
Mr.  Henry  terms  a  re-entering  angle  is 
formed,  thus  affording  to  the  bullet  a  bear- 
ing at  fourteen  points  instead  of  seven.  The 
pitch  of  the  rifling  is  one  turn  in  22  in.,  the 
caliber  being  460  of  an  inch.  The  Henry 
barrel  has  proved  itself  singularly  free  from 
fouling,  and  the  excellency  of  the  rifling 
has  fully  maintained  itself  to  the  last.  A 
rifle  on  this  principle  was  fired  8,000  times 
without  its  accuracy  being  in  the  least  de- 
gree impaired.  With  the  cartridge  above 
described,  the  Woolwich  practice  in  the 
latest  trials  has  habitually  given  the  un- 
paralleled result  of  lodging  the  bullets  in  a 
square  of  about  2J  ft.  at  a  range  of  1,200 
yards. — Mechanics^  Magazine, 


N 


EW  Railway  Bridqes — The  Ket- 
8T0NE  Bridge  Co. — The  Newport  and 
Cincinnati  bridge,  now  in  charge  of  Mr. 
Lin vi lie.  President  of  the  Keystone  Bridge 
Co.,  has  the  greatest  span  of  permanent  rail- 
way bridge  truss  on  this  continent,  vis.,  420 
ft.  The  same  engineer  is  erecting  an  iron 
bridge  over  the  Mississippi,  at  Keokuk,  con- 
sisting of  eight  spans  of  164  ft.  6  in.,  two 
spans  of  250  ft.,  and  a  pivot  span  of  370  ft. 
This  bridge  is  designed  for  railway  and  road 
way  trafiic,  the  width  in  the  clear  being  20 
ft.     It   is  proportioned  to  carry  a  rolling 
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load  of  3,000  lb.  per  foot  with  6  as  a  factor 
of  safety. 

The  Keystone  Bridge  Co.  are  erecting 
one  of  their  patent  pivot  spaDa  of  iron,  3GU 
ft.  in  length,  at  K annas  City,  the  remainder 
of  the  bridge  being  of  wood,  with  wrought 
iron  lower  chords »  from  the  designs  of  O. 
Channtc,  chief  engineer.  The  spuns  vary 
from  140  to  *i50  ft.  The  same  company  is 
erecting  a  doulde  track  iron  bridge  for  the 
New  Jersey  R.  R.  and  Trans,  Co,»  at  New- 
ark, with  two  permanent  spans  of  96  and 
115  ft.,  and  a  pivot  span  of  217  ft. 

The  great  wooden  bridge  over  the  Susque- 
hanna, at  Columbia  (to  replace  the  one  de- 
stroyed after  the  battle  of  Uettysburg),  con- 
sists of  26  spans  of  2U0  ft.  each,  one  span 
of  150  ft.  and  two  iron  spans  of  100  ft.  each. 
This  was  designed  by  Mr,  Linville,  and 
erected  by  the  same  builders — some  6,000 
ft.  in  length  in  all — between  May  and  De- 
cember, 18G8.  Nnmerous  smaller  iron 
bridges  arc  building  by  the  same  company 
for  ihe  Pennsylvania,  Fort  Wayne  and  Chi- 
cago, Northern  Central  and  other  roads. 
Moat  of  the  iron  bridges  on  the  Penns^^lva- 
nia  Railway,  and  those  on  the  Connecting 
Railway  at  Philadelphia,  were  designed  by 
Mr.  Linville.  Several  of  them  are  liirge 
works,  such  as  the  iron  span  of  262 ^  ft.  over 
the  Schuylkill. 


EXPERIENCE  IN  DESIGN. 

From  '♦  £ngiQeflriDg." 

Engineers  are  fretfuently  called  upon  to 
design  structures,  the  proper  proportions  of 
which  cannot  possibly  be  determined  by  any 
process  of  mathematical  investigation^  no 
matter  how  refined  or  laborious.  Under 
such  conditions  a  careful  consideration  of 
similar  works  already  executed  is  absolutely 
imperative.  The  successes  attained  and  the 
defects  evinced  in  many  of  the  works  of  our 
predecessors  afford  evidence  which  it  would 
be  inexcusable  to  neglect.  ^\Scitum  est  peri- 
culum  €s  aliis  facere,  tibi  quid  ex  tisu  siet  ** 
IB  as  sound  a  piece  of  advice  now  as  it  was 
2,000  years  ago,  and  to  no  one  does  it  more 
forcibly  address  itself  than  to  the  young  en- 
gineer. The  mathematical  training  every 
Btudent  of  engineering  now  undergoes  is 
somewhat  apt  to  give  him  an  excess  of  con- 
fidence in  the  exactness  of  his  own  deduc- 
tions, little  less  objectionable  in  its  practical 
elTeet  than  the  timid  and  slavish  adherence 
to  precedent  evinced  by  the  proverbial 
**  practical  '*  man.     He  is,  by  the  same  sys- 


tem of  training,  led  to  form  t  nd'v 

low   estimate   of  the   extent    to  w 

most  approved  practice  of  ihi 

is  indebted  to  inductive  proci 

the  larger  proportion  of  the  varied  | 

the  civU  engineer  is  called  npf»n  t*j 

will  be  most  readily  and  m:i 

by  deducing  the  required  i 

data  previously  arrived  at  by  ihe  pi 

induction.      In  one  respect  the 

engineering  differs  from  most  of  t; 

exact  sciences,  iimsmnch  oa  it  is  siOu 

cessary  to  investigate  any  problem  citcu^iTr- 
ly  by  induction;  the  practically  eorrtct,ttJ 
not  the   theoretically  exact,  solntiim  u  lU 
requirement    of    the   engineer,    and  tt  «, 
therefore,  merely  neces&<ary  for  him  w  trii» 
back  sufficiently  far  to  allow  of  ti 
being  attained.     Thus,  an  analysL^ 
riments  on  the  transverse  strength 
indicated  the   existence    of  an    el«  i 
strength  dependant  npon  the  form  af  trnm 
section,  and  varying  with  the  nature  of  tU 
material ;  and  in  the  same  manner  tke  T»- 
siatance  of  long  columns  has  been  <'*'i"«''  '^^ 
practice  to  be  higher  than  theory  i* 
In  each  of  these  instances  it  is  ouh  i^^.- 
sary  for  the  engineer  to  ascertain  eQ0ii|[k  d 
the  laws  governing  the  increased  rcfiitAaci 
to  enable  him  to  include  that  element  iolk 
calculations,  and  it   is   not    neeeiwf,  il* 
though  it  may  be  interesting,  to  Mcertiit 
the  ^rst  cause  of  the  anomalies  exhibited  il 
many  of  the  experiments. 

The  structures  falling  within  the  i 
of  the   civil   engineer  are   genera}!, 
analogous  as  to  render  the  ordinarr  pbn*i 
procedure    by    deduction   quite  joNiifi:.lk 
but  with  the  mechanical  engineer  it 
wise.    The  conditions  under  which  fi 
are  placed  are  so  involved,  and  lh> 
often  liable  to  strains  of  literally  inu- m  lun 
nate  amount,  that  any  attempt  to  gcncf»li« 
would  be  perfectly  futile.     Thus,  given  tkt 
resistance  of  a  cylindrical   h>ar  i*t  irT<»tifi» 
iron   to  a  bending,   and  also   to  a  tiri»t)ii| 
stress,  who  could  presume  from  such  d»to  ^ 
deduce  the  proper  proportions  and  wctioM 
of  the  crank  abaft  of  an  inside  cyliadef  lo' 
comotive?     It  would  be  necessary  totliwi* 
nate  the    bending   stress,    and   that  t\t^t 
would  be  made  up  of  the  several  rlfwectt 
due  to  the  reaction  of  the   driving  vbwl 
springs  on  the  roughest  portions  uf  the  11^ 
of  lateral  blows  on  the  flanges  of  the  wKeeli* 
of  the  steam  pressure  on  the  piston,  tnd  •f 
the  vis  viva  of  the  gear  and  the  crank  A^ft 
itself.     When  we  coDsider  the  farm  of  ll»« 
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■smber  which  has  to  flustain  these  constant- 
^  TArying  stresses,  in  coDJunction  with  tor- 
nonml  and  other  strains,  it  is  very  apparent 
Ittt  the  necessary  section  and  the  most 
MOBomie  distribution  of  the  material  could 
mlj  be  mrrived  at  by  a  strictly  indactive 
■oeess.  Who,  again,  could  attempt  to 
wnpnte  the  section  of  tyre  desirable  for 
hm  driving  wheels  of  the  same  engine,  and 
net  the  practical  identity  of  the  proportions 
kdoptcd  by  the  different  makers  in  this  and 
■'other  eountries,  both  for  the  tyre  and  the 
trmak  shaft,  clearly  prove  that  these  appar- 
iBtlj  indeterminate  problems  have  been 
oWed  bj  induction  with  as  much  exactness 
m  the  tensional  strength  of  a  two  inch 
qnmre  bar  may  be  arrived  at  by  deduction 
kout  that  of  an  inch  square  bar.  These 
mwiderations  should  prove  reassuring  to 
tke  eivil  engineer  when  confronted  with 
problems  of  more  than  average  intricacy. 

Complex  formulas  are  rarely  resorted  to 
\n  experienced  practical  men,  the  reason  for 
nich  will  probably  be  found  in  the  fact 
Ihst  too  great  attention  to  minutia  in  the 
Bftkalations  is  apt  to  make  a  man  ima- 
gint  that  the  chief  portion  of  his  work  is 
aeecDiplished  when  he  has  solved  the  prob- 
lenH  relating  to  strains  in  the  structure,  and 
to  induce  him  to  overlook  some  apparently 
Irifliig  practical  detail,  the  neglect  of 
vhicL  might,  after  all,  be  of  sufficient 
moment  to  cause  his  work  to  be  classified  as 
a  waning  rather  than  as  an  example.  No 
intelligent  engineer,  when  designing  a  com- 
plicated structure,  hesitates  to  throw  over 
entirely  his  theoretical  deductions,  should 
the  proportions  thus  determined  appear  un- 
■atialkctory  to  the  eye,  because  experience 
has  taught  him  that,  in  nine  cases  out  of 
ten,  the  iiscrepancy  between  the  proportions 
deduced  and  those  anticipated  is  due  to  the 
fdsenesa  of  the  hypothesis  upon  which  the 
theoretical  concluhions  were  based,  and  not 
to  any  error  of  judgment  in  that  very  trust- 
worthy guide — the  experienced  eye. 

We  doubt  whether  that  historical  faux 
p««,  the  continuous  fish-bellied  rail,  is  justly 
ereditcd  to  a  member  of  our  profession. 
We  think  the  idea  must  have  originated 
with  some  worthy  mathematician,  who  fond- 
ly imagined  that  perfection  was  approached 
in  exact  proportion  to  the  number  of  deci- 
mal places  in  his  calculated  ordinatcs.  A 
purely  practical  man  would,  we  feel  sure, 
nave  instinctively  rejected  the  pseudo- 
■eientific  form,  although  he  may  not 
have  been  able  to  point  out  the  error  in 


the  hypothesis  to  which  the  vicious  result 
was  due. 

Many  other  instances  might  be  cited 
where  purely  theoretical  deductions  are 
equally  at  fault ;  as  a  case  in  point  we  may 
refer  briefly  to  the  bracing  of  a  bow-string 
bridge.  Numerous  and  elaborate  formula) 
are  to  be  found  in  French  and  German  text 
books,  professing  to  define  the  exact  value 
of  the  maximum  strain  occurring  upon  each 
tie  and  strut  under  the  passage  of  a  moving 
load,  but  unfortunately  in  nearly  every  in- 
stance these  formula)  are  based  upon  the 
hypothesis  that  the  system  is  perfectly  rigid, 
or,  in  other  words,  that  the  length  of  each 
member  of  the  bridge  will  remain  constant 
under  every  degree  of  strain.  Now  we 
know  that  some  deflection  must  necessarily 
follow  the  application  of  each  successive  in- 
crement of  load,  however  small,  and  we 
know  also  that  such  deflection  could  not 
take  place  unless  the  length  of  every  mem- 
ber in  the  bridge  differed,  plus  or  minus, 
from  its  original  amount.  This  of  course  is 
due  to  the  elasticity  of  the  material,  and 
the  complicating  conditions  thus  introduced 
are  so  embarrassing,  varying  as  they  do  with 
the  relative  sectional  areas  of  arched  rib, 
tie,  and  bracing  at  each  portion  of  the 
length,  that  it  would  be  an  almost  endless 
task  to  deduce  the  exact  mathematical  value 
of  the  maximum  strain  occurring  upon  each 
member  of  a  bowstring  bridge  under  a  roll- 
ing load  of  known  intensity.  No  intelligent 
engineer  wastes  his  time  in  the  investigation 
of  such  problems,  because  he  knows  that 
after  all  the  result  of  his  labor  would  be  of 
no  practical  value. 

It  would  have  been  assumed  that  the 
whole  of  the  metal  in  the  bridge  was  in  a 
state  of  molecular  equilibrium  in  the  ab- 
sence of  any  external  stress,  or  else  that 
certain  members  were  subjected  to  initial 
strains  of  known  intensity.  To  enable  the 
first  hypothesis  to  obtain,  the  bars  and  plates 
would  all  have  to  be  of  precisely  the  requir- 
ed length,  and  accurately  fitting,  whereas  in 
practice  we  know  that  in  the  process  of  rivet- 
ing one  bar  would  be  drawn  up  tight,  whilst 
probably  the  adjacent  one  would  be  quite 
slack,  or  even  present  a  permanent  lateral 
curvature.  Or,  again,  in  putting  the  girder 
together  it  may  have  been  necessary  to 
"  draw  out "  one  of  the  tics  to  make  it  fit 
into  its  place,  and,  probably  enough,  it 
would  have  been  riveted  up  when  quite  hot; 
but  this  apparently  trifling,  and  certainly 
unavoidable,  practical  contingency  would  bo 
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Dts  of  this  paper,  we  would  have  little 
chuckliDg  of  six,  seven,  or  ten  times 
nninal  power.  If  nominal  horse  power 
be  retained  let  the  pressure  be  still  7 
t%  the  engineer  state  fairly  his  ezpeet- 
loeity,  and  let  credit  be  given  to  him 
»tiing  as  much  pressure  into  his  cyliu- 
s  he  ean  from  a  given  boiler  pressure. 
9r  coming  near  to  his  predicted  velo- 

for  nominal  high  pressure  there  is  no 

thing.     As  it  would  be  better  to  keep 

lal  power  aud  indicated  power  as  wide 

as  possible,  I  would  propose  that  what 

7  nearly  an  average,  10  lb.,  should  be 

as  the  mean  pressure.    Nominal  horse 

'  has  been  called  a  commercial  mea- 

If  it  ever  was,  it  is  no  such  thing 

Engineers  know   nothing  about   it ; 

ire  required  to  produce  so  much  effec- 

tower,  and  they  set  about  to  do  it.     It 

reigh  so  much,  cost  so  much,  and  they 

up  their  accounts. 

propose  to  abolish  the  term  nominal 
power  altogether ;  it  is  not  only  use- 
bni  pernicious.  Shipbuilders  are  not 
I  on  to  make  vessels  carry  six  or  ten 
their  nominal  tonnage,  and,  I  ask, 
ihonld  not  engineers  be  allowed  to  be 
1  an  equality  with  them,  and  have  the 
ege  of  calling  a  spade  a  spade  ? 


RAILWAY  FERRIE& 

k  paper  read  before  the  Institotion  of  NaTal 
kitecM^  bj  J.  Scott  Kiusell,  Esq.,  F.  R.  S. 

e  of  the  great  unsolved  problems  of 
rn  engineering  is  to  complete  the  want- 
inks  of  European  railway  com  muni  ca- 
by  joining  Dover  to  Calais.  That  is 
lisaing  link  in  the  unity  of  European 
lation.  It  is  also  the  missing  link  in 
lal  commerce.  Railway  trains  laden 
the  wealth  of  nations  run  smoothly 
to  the  banks  of  the  sea  on  either  side, 
ire  there  abruptly  stopped  —  rudely 
B  np^ their  contents  strewed  over  the 
I — craned  and  laden  into  ships — un- 
d  and  unladen  on  the  other  side — 
stowed  on  wagons  before  they  can  con- 
their  second  railway  journey,  and 
on  a  short  sea  gap  of  some  20  miles, 
e  more  delay,  undergo  more  wear  and 
ind  cost  more  money  than  on  a  hun- 
miles  of  railway. 

It  which  is  merely  wasteful  and  costly 
e  transport  of  material  merchandise, 
lea  degrading  and  barbarous  when  ap- 


plied to  human  beings.  The  transport  of 
civilized  human  beings  between  the  king- 
dom of  Great  Britain  and  the  empire  of 
France  is  disgraceful  to  two  civilised  na- 
tions. The  traffic  of  human  beings  between 
Calais  and  Dover  frequently  exemplifies 
some  of  the  worst  features  which  have  been 
pictured  of  the  African  slave  trade.  We 
are  told  of  150  negroes  huddled  under  the 
decks  of  a  ship  where  they  have  not  even 
room  to  lie  down — where  the  air  is  pestifer- 
ous— ^where  human  beings  are  willing  almost 
to  throw  themselves  overboard  to  escape  a 
state  of  existence  that  has  become  intoler- 
able. What  we  have  seen  between  Calais 
and  Dover  is,  a  hundred,  or  a  couple  of  hun- 
dred, civilised  human  beings,  citizens  of  re- 
fined communities,  svstematically  huddled 
under  decks,  where  there  was  neither  room 
for  comfort,  rest,  ventilation,  cleanliness, 
nor  health.  We  have  seen  fifty  delicate, 
refined  women  crammed  into  a  cell  where 
they  had  just  room  to  sit  jammed  together 
on  the  floor.  Just  before  starting  a  benevo- 
lent stewardess  placed  on  the  knees  of  each 
a  convenient  basin,  and,  a  few  minutes  later, 
an  anxious  husband,  descending  from  the 
wet  deck  to  inquire  after  the  welfare  of  his 
delicate  wife,  found  it  hard  to  endure  the 
close,  confined  atmosphere  to  which,  never- 
theless, he  was  obliged  to  abandon  her. 
Which  of  us  has  not  passed  over  this  pur- 
gatory without  meeting  some  intelligent 
foreigner  who  swore  that  never  again  would 
he  pay  such  a  penalty  for  visiting  England, 
and  never  would  he  counsel  man  or  woman 
of  bis  acquaintance  to  undergo  the  miseries 
and  humiliation  of  this  miserable  passage 
over  the  sea  channel ! 

In  truth,  this  great  international  commu- 
nication between  Europe  and  England  is  a 
degradation  to  all  who  endure  it — a  disgrace 
to  three  great  railway  companies — ^a  blot  on 
the  administration  of  a  great  Emperor ;  and 
when  we  think  ourselves  the  most  practical 
nation  in  the  world,  we  are  really  perpetu- 
ating a  great  arterial  system  of  communica- 
tion which  is  barbarous  and  thoroughly  un- 
practical. 

It  is  well,  therefore,  to  consider,  in  this 
meeting  of  naval  architects  and  marine  en- 
gineers, whether  this  stato  of  international 
communication  arises  from  any  impossibility 
or  impracticability  standing  in  the  way  of 
expeditious,  comfortable,  and  economical 
means  of  railway  transport  over  the  sea,  or 
whether  the  causes  are  moral,  financial,  or 
intellectual  incapacity  in  those  who  have  the 
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duty   and  responsiibiUty  of  providing  tbia 

public  highway- 
First,  therefore,  I  may  state  that  it  is  not 
the  fault  of  eugintiers  and  naval  architects 
that  the  public  does  not  now  enjoy  the  ad- 
vantage of  a  railway  across  the  sea*  More 
than  three  years  ago  an  assocLation  of  Eng- 
lish men  was  farmed  to  carry  railway  trains 
across  the  sea  between  Calais  and  Dover. 
Of  this  association  Mr,  Fowler  was  the  civil 
engineer  and  I  was  the  naval  arcliltect.  All 
the  measures  which  a  private  association  of 
individuals  could  take  for  giving  to  our  na- 
tion and  other  nationii  a  civilized  commu- 
nication were  taken.  Neither  pains  nor 
time  were  spared,  and  large  sums  of  money 
were  spent  in  making  every  preparation  for 
giving  the  public  this  benefit.  Unluckily 
we  hail  to  deal  vritli  an  apathetic  public^  and 
with  railway  couipauies  already  in  posses- 
sion of  the  ground,  with  rival  interests  and 
disordered  tinanccs.  The  same  bad  political 
economy  which  has  abandoned  the  public 
works  of  England  to  private  speculation 
rendered  it  impossible  for  this  work  to  be 
then  achieved,  except  through  the  co-opera- 
tion of  railways  in  a  state  of  war  and  dilapi- 
dation. But  the  technical  work  had  been 
thoroughly  done.  The  harbors  on  both 
sides  had  hecn  surveyed,  and  the  working 
plans  completed  by  Mr.  Fowler;  the  de- 
signs of  the  ships  to  carry  the  railway  trains 
across  the  sea  had  been  completed  by  my- 
self, and  there,  on  the  tabic,  is  the  model 
on  which  they  were  to  be  built.  The  Act 
of  Parliament  was  applied  for,  the  money 
for  all  the  expenses  was  found,  and  it  was 
not  the  blume  of  engineer  and  naval  archi- 
tect that  the  thing  was  not  then  begun ^  and 
now  done  ;  there  were  no  engineering  diffi- 
culties not  then  solved. 

I  am  now  to  have  the  pleasure  of  bring- 
ing before  you,  not  the  proposed  plan  for 
bridging  the  sea  between  Calais  and  Dovcr^ 
but  a  similar  undcTtaking  which  has  been 
executed,  and  which  is  now  in  suooessful 
operation  across  a  sea  on  a  smaller  scale. 
The  channel  between  Dover  and  Calais  is 
20  miles,  and  the  sea  of  Bodan  is  at  most 
IG  miles  to  12  miles  broad.  There  is  the 
same  difficulty  of  shallow  water  and  narrow 
harbor  entrance  as  at  Calais,  but  extreme 
low  water  is  rather  shallower,  and  the  har- 
bor entrance  narrower  than  at  Calais.  Of  I 
course  there  is  no  Atlantic  wave,  and  no 
ocean  ground  swells,  and  therefore  no  low, 
long  swelling  bos  Ufjr»  and,  consequently, 
never  in  the  worst  storm  the  great  motion 


of  our  seas<    But  there  is,  to  an  even  | 

extent  than  on  the  channel,  the  ^hftqM 
breaking  wave,  which  is  both  nior«  < 
ous    and    inconvenient    than    the   loQ^ 
swell ;  there   is   the   terrific    hurricatit 
swells    down    from    the   Alps,  and  which  I 
probably  not  inferior  in  strength  loahMljl 
Atlantic  gale,  and  there  are  tjuite  n^  isufj 
days  in  the  year  when  no  steamer  nm  w 
ture  across  the  sea  of  Bodan,  as  » bed  no  I 
steamer  can   cross  the  CHanneh     I  ihiak, 
therefore,  the  sea  of  Bodan  is  a  fair  Msftle«l  j 
which  to  test  a  plan  for  eoovpying  tmm 
across  the  sea.    Take  it  as  half  the  {l^unN 
with    waves   half    the    siie,    wind 
strength,  harbor   entrances  half  the   -i^..-, 
and  a  steamer  half  the    length,  and  ii  will 
probably  be  considered  as  fair  ao 
ment  as  can  be  tried. 

The  peculiar  cirenmstances  of  thi* 
are  such  as  to  present  many  diffimllj 
which  need  not  be  presented  either  st  IH 
or  Calaii*.  At  Dover  there  is  plrnlj 
water ;  at  Calais  there  is  means  of  i 
as  much  water  as  can  be  wanted,  %ni\ 
Emperor  who  has  out  his  way  throogk^ 
Isthmus  of  Suez  can  easily  dredge  a  li 
sand  out  of  the  entrance  to  Calatjs ;  lal  ^ 
both  sidea  of  the  sea  of  Bodati  the  wi1<t  ii 
shallow,  while  in  the  middle  it  is  iie«fcr 
than  the  Channel. 

The  entrance  to  the  harbors  in  thii  lib 
is  less  than  100  ft,  of  clear  width,  .v  ' 
of  theiu  is  80  narrow  inside  a^  to 
two   ships*  lengths.      The  ports,  t: 
present  greater  difficulties  than  D- 
Calais;  but  there  are  no  tides;  tbiu  i*  i*i 
say,  no   daily   rise   and   fall  of  the   watft; 
nevertheless   there   are  periods  of  ri«c  io4 
fall  of  10  ft.,  or,  again,  about  half  the   or- 
dinary ranges  between  Calais  and  1 ' 

The  Sea  of  Bodan,  or  Bo  Ian  Sea,  ^^ 
of  Constance,  is  an  inland  fresh  water  Uki, 
60  miles  long  and  10  to  12  milt^  wide^  U 
separates  Switzerland  from  Aastris,  Bit*' 
ria,  VV^Urtemberg,  and  North  M  -  dl 
of  which  have  railway  comrain  ^^ 

Switzerland,  and  through  Switii-rlinl  *i*^ 
central  and  southern  France,  which  if  fUl 
off  short  and  stops  abruptly  on  th<?  ehof* 
of  this  lake,  and  this  natural  barrier  of  tk« 
lake  is  prolonged  right  down  into  Itak  ^ 
the  impassable  Alps,  The  railway  tT*ini 
which  last  year  fed  France  from  the  cott- 
fieldsof  Hungary,  carried  a  continual  §twia 
of  grain  across  Switzerland  into  Fnncf 
but  on  the  edge  of  this  lake  all  thi»  if*^ 
was  stopped — all  the  grain  that  might  hat* 
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■ed  right  through  in  a  wagon,  from  Pesth 
LjmiB,  had  to  he  unladen  from  one  set  of 
gons  at  Lindau,  in  Bavaria,  or  Friedrieh- 
ifen,  in  WUrtemherg,  shipped  into  steam- 
I  or  hargea,  unshipped  on  the  other  side, 
1  reladen  into  a  new  set  of  wagons.  The 
It  And  delay  of  this  system,  the  accumu- 
ion  of  empty  or  laden  wagons  on  both 
es,  the  army  of  men  for  moving  the  sacks 
m  ship  to  land,  and  from  land  to  wagon, 
t  aecumnlation  of  sacks  on  quays  and  un- 
r  aheda,  caused  a  hindrance,  an  inconve- 
■ee,  and  an  expense,  to  avoid  which  many 
ifenred  to  send  their  wares  a  long  way 
tnd. 

riie  impediment  for  passengers  across  the 
dan  Sea  was  similar  to  that  between  Cal- 
snd  Dover,  although  the  accommodation 
passengers  on  both  sides  presents  those 
ilities  which  have  only  quite  recently 
HI  introduced  in  our  harbors,  for  on  both 
88  of  the  lake  the  Swiss  and  German 
ins  convey  the  passengers  alongside  the 
ij  at  which  the  steamers  lie,  and  the  pas- 
igers  present  to  the  companies  thb  advan- 
;e  over  goods,  that  they  are  able  to  tran- 
p  themselves  at  their  own  inconvenience 

Under  these  circumstances  I  was  asked 
M.  Boiler,  an  eminent  Swiss  engineer, 
1  M.  Schweizer,  an  able  Swiss  railway 
ector,  whether  I  would  undertake  to  de- 
n  a  communication  across  the  Sea  of  Bo- 
1  by  which  railway  trains  and  locomotive 
^nes  should  pass  continually  over  the  sea 
bhout  interruption,  and  without  change  of 
Tiage,  so  that  a  bale  of  goods,  or  a  pas- 
iger,  placed  in  a  carriage  in  Switzerland, 
in  Germany,  should  pass  right  through 
m  Vienna,  Munich,  Stuttgardt,  Dresden, 
Berlin  to  Zurich,  Lucerne,  Bale,  Geneva, 
ons,  Marseilles,  or  Paris,  or  contrarywise 
it.  It  was  also  a  condition  that  I  should, 
possible,  employ  no  steam  engines,  ma- 
inery,  or  power  of  any  kind  in  the  trans- 
,  except  the  ordinary  locomotive  engines 
ployed  in  dragging  the  train ;  in  short,  I 
s  asked  to  make  an  international  commu- 
tation across  this  sea  as  continuous  and 
broken  as  between  two  stations  on  land. 
This  I  have  now  accomplished,  and  after 
qocnt  preliminary  trials  it  is  now  doing 
daily  work  of  railway  communication. 
takes  trains  of  14  to  16  laden  wagons  at 
t  time.  The  wagons  weigh  70  to  80  tons, 
tir  contents  150  tons ;  they  make  the  pass- 
I  from  harbor  to  harbor  in  from  forty  to 
y-ive  minutes,  the  difference  being  the 


index  of  the  severity  of  the  weather.  The 
cost  of  the  goods  per  ton  per  mile,  varying 
with  the  quantity  on  board,  is  from  three 
farthinsrs  to  five  farthings,  including  interest 
on  capital,  depreciations,  and  repairs.  A 
locomotive  engine  on  one  side  places  the 
train  on  board ;  a  locomotive  engine  on  the 
other  side  takes  it  out.  No  peculiarity  is 
required  in  the  engine  nor  in  the  mode  of 
working  it.  No  peculiarity  is  required  in 
the  wagons,  carriages,  their  brakes,  or  their 
construction.  The  embarkation  of  a  com- 
plete train  occupies  five  minutes,  its  debark- 
ation  five  minutes.  All  the  practical  diffi- 
culties which  were  anticipated  and  feared 
have  disappeared  with  the  actual  facts,  and 
that  which  was  pronounced  as  so  many  new 
or  impossible  enterprises  is  now  acknowl- 
edged to  be  "  kinderspile,"  or  child's  play. 
Indeed,  now  that  it  is  done,  the  thing  seems 
so  obvious  and  simple  that  on  returning 
home  across  the  £nglish  Channel  by  the 
Straits  of  Dover,  I  was  totally  at  a  loss  to 
conceive  the  reasons  which  could  induce  the 
intelligent  English  people  and  the  great 
French  nation  to  continue  to  endure  the 
evils  of  this  barbarous  passage  across  the 
sea,  while  little  Switzerland  and  little  WUr- 
temherg had  provided  for  a  less  sea  a  con- 
venient and  unbroken  highway. 

I  will  now  shortly  describe  the  means  by 
which  this  railway  passage  over  Lake  Con- 
stance is  accomplished.  The  Swiss  railway 
which  passes  from  Zurich  to  Romanshom, 
on  the  Bodensee,  is  called  the  Nord-oest- 
bahn.  On  the  opposite  side  the  German 
railway  terminates  in  Friedrichshafeu,  and 
is  one  of  the  royal  WUrtemberg  lines,  con- 
structed and  worked  by  the  State.  Both 
harbors  are  so  shallow  that  6  ft.  is  the  max- 
imum draught  of  water  given  for  the  ship. 
To  carry  the  prescribed  load  of  14  to  16 
carriages,  two  lines  of  railway  are  necessary 
on  the  ship  throughout  the  length  of  220  ft. 
For  this  purpose  alone  22  ft.  of  breadth  are 
necessary,  and  as  engines  and  boilers  have 
to  be  placed  on  both  sides  of  the  railway, 
the  ship  has  a  breadth  of  nearly  40  ft.  with- 
out the  paddle-wheels,  which  being  each 
some  10  ft.  wide,  the  boat  over  all  has  a 
width  of  60  ft. 

The  vessel  itself,  standing  in  its  place  in 
the  harbor,  appears  to  form  a  railway  sta- 
tion, the  land  lines  of  railway  being  con- 
tinued straight  on  throughout  the  length  of 
the  ship.  The  vessel  has  two  decks,  one 
below  the  railway  train  and  the  other  above 
it.     The  upper  deck  forms  a  great  part  of 
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Vu  ship  in  four,  three,  or  two  minutes, 
Cording  as  he  uses  both  engines — one 
^ing,  or  one  reversed.  When  at  rest, 
'  eu  reYolve  on  a  pivot  without  moving ; 
4  when  he  wishes  to  run  on  a  circular  arc, 

ktsonlj  to  order  the  right  number  of 
rolatioDs  to  be  made  with  the  outer  wheel, 
i  A  smaller  number  to  be  made  with  the 
er  wheel,  and  the  curve  is  described  as 
nmtelj  on  the  .water  as  with  a  pair  of 
passes  on  a  sheet  of  paper.  To  steer 
ight  without  a  rudder  is  performed  by 

engineer  watching  the  index  of  revolu- 
i  of  the  other  engine,  which  is  close  to 
landle  governing  his  own,  and  with  an 
sional  hint  from  the  captain.  After  a 
;Ie  experience  this  becomes  quite  easy. 
I  to  the  manoDuvering  of  the  trains  and 
ng  them  on  the  ship,  the  arrangements 

0  simple  that  all  difficulty  has  disap- 
;d ;  and  whereas  it  was  supposed  that 
lent  experience  might  only  be  gained 

serious  accidents,  the  experience  has 
gained  and  the  daily  work  proceeds 
mt  accident.  No  locomotive  engine — 
sven  an  empty  wagon — has  been  sent 
ibe  sea — events  confidently  expected. 
iages  intended  to  cross  the  sea  are  left 
e  siding  which  leads  to  the  ship.  The 
DOtive  engine  which  does  the  work  of 
tat  ion  goes  behind  this  train  and  pushes 
to  the  ship,  one  half  on  one  side,  and 
other  half  by  a  second  line  on  to  the 
r  side.  The  common  brakes  of  the  train 
of  the  engine  suffice  for  all  the  manipu- 
n  of  the  train,  and  there  are  special 
18  in  the  ship  herself  to  prevent  the 
18  at  sea  from  fetching  way.  In  prac- 
the  locomotive  engines  do  not  cross  with 
;rmins,  for  the  Germans  prefer  their  en- 

1  and  the  Swiss  theirs.  Only  carriages 
wagons  go  right  through,  and  instead  of 
JUS  of  locomotive,  10  tons  of  carriage, 
20  tons  of  goods  more  profitably  occupy 
lace. 

trust  this  verbal  description,  tosrether 
the  official  plans  from  which  the  ship 
built,  will  give  a  sufficient  idea  of  the 
aer  in  which  the  crossing  the  Straits  of 
er  may  be  safely  undertaken  and  suo- 
'ully  executed ;  some  of  the  difficulties 
greater,  and  some  are  less.  There  is 
•  water  at  Dover,  and  Calais  can  be 
J  deepened.  The  boats  must  be  twice 
OQg,  and  can  be  made  twice  as  fast. 
tended  bridges  can  easily  be  thrown 
the  land  to  the  ship,  as  I  have  done ; 
iritk  the  changes  necessary  to  the  great- 


er and  continued  variations  of  the  tidal 
waters.  In  these  larger  and  faster  ships 
there  can  be  room,'comfort  and  ventilation, 
and,  if  built  with  the  proper  kind  of  stabil- 
ity, sea-sickness  will  nearly  disappear.  The 
comfort  of  taking  your  bed-carriage  in  Lon- 
don, and  not  having  to  leave  it  till  yon 
awaken  in  Paris,  need  not  be  enforced,  and 
the  economy  and  expedition  which  must 
arise  from  sending  goods  right  through  to 
their  destination  without  change  of  carriage 
or  wagon  is  thoroughly  appreciated  by  all 
merchants  and  shippers.  That  the  trade  of 
Europe  with  England  would  enormously  in- 
crease who  can  doubt,  and  the  mails  of  In- 
dia would  reach  Brindisi  or  Marseilles  in 
the  same  carriages  in  which  they  would  be 
stowed  by  the  post-office  officials  of  St.  Mar- 
tin's-lc-Grand.  The  question  as  it  stands  is, 
therefore,  whether  patient  Englishmen  will 
remain  quietly  content  that  the  communica- 
tions of  their  railway  traffic  between  Eng- 
land and  all  Europe  should  continue  in  their 
present  condition  of  barbarism. 

In  conclusion,  I  must  say  that  it  is  not 
me  the  English  people  have  to  thank  for 
having  made  this  experiment  for  them,  to 
show  them  the  practical  way  of  continuing 
railway  traffic  over  a  wide  sea  on  a  large  scale. 
I  have  already  said  that  the  problem  was 
proposed  to  me  by  M.  Schweizer  and  M. 
Roller,  and  not  by  me  to  them.  The  plan 
was  first  practically  taken  up  by  the  Presi- 
dent Escher  and  the  Direction  of  the  Nord- 
ostbahn,  a  railway  managed  and  made  by 
the  Swiss,  completed  and  set  to  work  on  less 
than  its  estimated  capital,  and  in  conse- 
quence of  the  wisdom,  economy  and  purity 
of  its  management,  now  paying  its  share- 
holders a  steady  eight  per  cent.  The  pro- 
posal on  their  representation  was  willingly 
accepted  by  the  Government  of  the  small 
kingdom  of  WUrtemberg,  which  has  confer- 
red on  its  people,  by  economical  state  man- 
agement, a  complete  network  of  railways,  at 
very  small  cost.  These  two  bodies  under- 
took to  carry  through  this  improved  commu- 
nication for  their  mutual  benefit,  and  its 
management  and  government  is  now  incor- 
porated with  that  of  the  railways.  Having 
previously  built  an  iron  ship,  which  has  for 
twenty  years  done  satisfactory  duty  on  the 
same  lake,  I  was  asked  to  prepare  the  plans 
of  a  ship  which  should  fulfil  all  the  condi- 
tions of  speed,  safety,  and  manageability, 
which  the  circumstances  required,  and  also 
of  the  works  on  land  necessary  to  commu- 
nicate with  the  ship.     These  plans  of  the 
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BISTORT  OF  DEGARBURIZIKG  IRON. 

No.  IV. 
FURNACE  FOR  REFINING  IRON. 

John  G.  McManawat,  Scioto,  0. — 
1842.    Jane  22.     (U.S.) 

NoTK. — Xo  tptcification  publithed, 

VURNACS  FOR  PUDDLING  AND  REFINING 
IRON. 

PsTSR  Cooper,  assignee  of  John  S. 
OvsTiN»  New  York. — 1842.  August  22. 
(U.  8.) 

VoTB.— ^o  9pteiftcati<ni  fmblished. 

FUDDLING       FURNACE      WITH       HEATING 
CHAMBER. 

BoDXER,  John  George. — 1843.  Oct. 
i.    No.  9,899. 

This  patent  is  for  to  nine  distinct  inven- 
tions; that  referring  to  the  subject  under 
coosideration  is  as  follows : 

7th.  A  doable  famace  U  constructed,  having  one 
lre-pl*ce  in  firont,  while  the  back  part  is  divided  by 
a  horizoatal  division  or  shelf  into  two  compartments, 
■1  upper  and  a  lower  one,  each  having  its  own 
bridge,  and  each  connected  with  a  separate  chim- 
ney. The  lower  compartment  serves  as  for  the 
puddling  proce»,  and  when  that  is  completed  ita 
chimney  is  closed  with  a  dampei,  and  while  the 
halls  are  being  made  and  removed,  all  the  blast 
ftunee  and  heat  pass  into  the  upper  compartment, 
where  the  iron  undergoes  "  a  kind  of  refining  pro- 
em." and  is  afterwards  dropped  dovra  into  the 
noddling  compartment,  through  a  slot  in  the  upper 
bridge.  The  improved  movable  grate  (described  in 
the  4th  section  of  the  patent),  may  be  applied  to 
paddling  furnaces. 
(Pnnted,  Is.  Od.    See  "  Mechanics*  Magazine,'*  vol.  40,  p. 

S7i;  and  *' Engineers*  and  Architecis'  Joarnal,"  vol.  7, 

P  U3.J 

Vote. — The  function  of  the  upper  chamber  can  be 
hardly  anything  but  heating,  or  perhaps  partially 
meUingt  the  iron  preparatory  to  puddling.  See 
Gardiner' 9  patent  of  1788.  (  Van  Nostrand^s  Mag- 
mxintf  No.  i,  page  358.) 

fURilACE  WITH  A  LOW  GRATE,  THE  BLAST 
INSTEAD  OF  DRAFT,  AND  HOT  AIR  FORC- 
ED IN  ABOVE  THE  FIRE — ALSO  REFIN- 
ING BT  JETS  OF  HOT  AIR. 

Detmold,  Julius  Adolph. — 1843.  Oct. 
18.    No.  9,911. 

Improrements  in  "f^imaces  or  fire-places,"  &c. 
The  invention  is  intended  to  obviate  the  disadvan- 
tigea  arising '  from  the  formation  of  combustible 
guea  in  the  famace,  and  the  passing  of  undecom- 
poted  air  through  the  grate,"  and  also  from  cold  air 
being  ''drawn  into  the  furnace  through  the  door 
when  open,  and  through  every  opening  or  crevice  " 
in  the  furnace. 

These  objects  are  to  be  effected,  1st,  by  making 

Vol.  I— No.  6.-87. 


the  grate  much  deeper  than  ordinary,  fVom  three  to 
five  feet,  according  as  the  coal  is  caking  and  bitu- 
minous, or  light  in  quality. 

2d.  Instead  of  relying  on  the  draft  of  a  chimney 
a  blast  is  forced  into  the  ash-pit  below  the  grate 
(the  ash-pit  having  an  air-tight  door),  and  up 
through  the  grate.  The  body  of  fuel,  except  the 
stratum  immediately  above  the  bars,  will  not  be 
maintained  at  a  high  heat,  and  all  that  is  combusti- 
ble in  the  fuel  is  converted  into  combustible  gases. 

3d.  The  '' combustion  of  these  gases"  is  effected 
"  by  forcing  amidst  them,  in  their  passage  over  the 
fire  bridge,  heated  and  compressed  atmospheric  air  " 
supplied  from  pipes  heated  in  the  chimney,  and 
regulated  by  valves,  and  introduced  through  a  row 
of  tweers  placed  in  front  of  the  bridge.  The  pres- 
sure of  the  air  within  the  furnace  must  always  ex- 
ceed that  of  the  atmosphere.  Any  kind  of  coal 
may  be  used,  and  anthracite  is  particularly  benefi- 
cial. These  closed  fUmaces  are  specially  adapted 
for  the  manufacture  of  iron;  and  the  specification 
and  drawings  describe  how  they  are  to  be  worked. 
In  refining  iron,  a  blast  of  hot  air  is  directed  on  the 
iron  through  tuyeres  converging  towards  the  center 
of  the  hearth,  and  having  a  pitch  of  twenty-five  or 
thirty  degrees.  Iron  may  be  advantageously  refined 
and  puddled  in  the  same  furnace. 

[Printed^  lid.  See  **  London  Journal "  (Newton*s),  vol.  SS 
(conjoined  series),  p  73;  and  "Blochamcs*  Magazine,'* 
vol.  40,  p.  379.] 

Note. — Mr,  C,  E.  Detmold  patented  an  improved 
furnace  in  the  United  States ^  jipril  IQy  1842,  but  no 
specification  is  accessible. 

The  merits  of  hot-air  jets,  P£OPErlt  applied, 
above  the  fire j  are  hardly  appreciated  yet.  In  some 
of  our  forges  they  are  used  with  success  for  heating, 
and  save  much  fuel,  for  instance,  at  the  West  Point 
Foundry.  They  form  a  leading  feature  in  the  fur" 
nace  used  for  the  Pomeroy  process. 

This  is  the  first  mention  of  the  use  of  blast,  in- 
stead of  the  natural  deaft,  in  the  patent  records— 
now  a  distinguishing  feature  of  the  American,  as 
compared  with  the  English  practice* 

PURIFYING  LIQUID  IRON  BY  SCRAP  IRON, 
BITUMINOUS  SUBSTANCES,  NITRE  AND 
OTHER  FLUXES,  AND  BY  CURRENTS  OF 
ELECTRICITY. 

Wall,  Arthur. — 1843.  November  18. 
No.  9,946. 

'^  Improvements  in  the  manufacture  of  iron." 
The  o])crations  arc  divided  into  two  classes. 

1st.  While  the  iron  is  in  a  state  of  fusion,  two 
compounds  (A  and  B)  are  added  to  it.  A  consists 
of  a  mixture  of  steel  or  iron  filings  or  cuttings  and 
rosin,  two  pounds  of  cuttings  to  five  pounds  of  rosin. 
These  are  made  into  balls  of  five  pounds  weight 
each,  and  are  thrown  on  the  iron  when  in  a  state  of 
fusion  in  the  smelting  or  other  furnace,  in  the  pro- 
portion of  one  ball  to  five  hundredweight  of  iron. 
Instead  of  rosin,  analogous  substances,  pitch,  tar, 
&c.,  may  be  used;  a  few  pounds  of  charcoal  may 
also  be  added  to  the  ball.  B  consists  of  a  mixture 
of  salt,  rosin  and  charcoal  (of  which  the  proportions 
are  not  given),  and  is  to  be  added  after  A  has  been 
applied,  in  the  proportion  of  one  pound  of  mixture 
to  one  hundredweight  of  iron.  Instead  of  salt,  other 
fluxes,  nitre  or  fixed  alkalies  may  be  used. 

2d.  When  the  metal  is  **  congealing  "  or  solidify- 
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iiig,  ekotric  cumsTilfl  are  tu  be  passod  tlirDiigli  it  in 
evcrj  )j4>»sible  dirtciioii, 

tevla'  JuuriMi/^  vol.  7,  p   ii>7.] 
li<iTic. — ThU  U  the  firtt  mcntioft  of  nitrt,  wfw 
u§td  in  the  Heaton  fro€€u. 

BLOOMKllV. 

Simeon  Guilford,  Lebanon^  Pn, — 1843. 
December  27.     (U.  S.) 
Forg«,  bloomery,  for  miiking  wrought  ircm. 
Note. — No  $p€ciJicat\on  published. 

PURIFICATION  IN  PUDl>MNO,  BV  8UL- 
PHCR(!)»  NITEE,  BORAX,  ALUM,  SODA 
AND  POTASH,  IN  DEFINITE  PROPOK- 
TIONS. 

SouTHALL,  Thomas,  and  Cruboino- 
TON,  Charles. — 1844.  February  8.  No* 
10,038. 

'*  Ituprovcments  in  the  manufacture  of  iron.** 
These  cotisiKt  in  trentin^  iron  when  in  a  met  ted 
itale,  while  being  manufactured  into  nialieable  iron, 
with  H  mixiurti  cuUHi«tiog  of  et|uat  parti*  by  weight 
of  sul]>hur.  uitre,  ixjrax  and  alum,  with  iialf  ii  iiart 
by  w*.'ight  of  soda  or  potash ,  <»r  one  ajuI  one -half 
p4>und8  of  the  mixture  must  l>e  mijied  with  about 
fr»ur  hundred weigbt  of  iron,  in  the  puddling  furuaee, 
if  ihe  iron  be  intended  to  be  converted  into  nmlle* 
gble  iron.  If  the  iron  be  intendc^i  to  i«?  converted 
into  steel,  it  jj*  s^aid  that  Un\T  pounds  of  the  mixture 
will  Iw  required  f«tr  fottr  linudrt*dw»*i}j:ht  of  iron. 

fPrinted,  :W  »«^e  '^  Rcfwrmry  of  Art^''  voU  6  (trnlitrged 
serieiili,  p.  944  ;  mid  "  l^igtucer*'  aitd  Archilecl4^  Juur- 
uiil,  •  vt>l.  7»  p  3*il  J 

PURIFICATION  IN  PUDDLINO,  BV  DEFINITE 
PROPORTIONS  OF  OXIDE  OF  MANGANESE, 
PLUMBAGO,  CHARCOAL  AND  SALTPETRE. 

Low,  Charles. — 1844.  May  25.  No. 
10.204. 

Improvement*  in  making  iron  and  mteel.  The 
patentee  makes  a  mixture  eonIli8tingo^a^»out  42  ib, 
of  black  oxide  of  mungsmese^  of  piuuPiHgn  8  lb.» 
wood  eh»re<ml  1-1  lb.,  NiIt|K'tre  2  lb.  Thei*t*  mate- 
rtaU  should  hv  groutid  tine  and  well  mixed.  The 
mixture  is  iiitri*duecd  into  tl*o  furnjicc  in  propor- 
tions of  alMiut  tUj  lb,  «!f  mixture  U\  vscry  ehjirge 
calculated  to  produce  48C»  lb,  of  melnl.  The  mix- 
tun.^  is  to  tlu^twn  on  the  iron  in  the  i)udd)tug  fur- 
DHce  two  or  three  pounds  weight  at  a  time,  and 
•tirrwl  up  with  the  metal  uuitl  <»t4  lb,  are  used,  or 
nntil  the  iron  is  brouirht  to  nature.  The  mixture 
may  be  advantjigeouj<ly  ustMl  in  the  abt>ve  propor- 
tions, or  nearly,  in  any  of  the  processes  of  making 
iron. 

hi  manufarluring  ca^t  steel  from  malleable  iron, 
two  or  three  pounds  of  the  mixtun'  are  to  be  put  in 
the  meltiug  ^Kit  **to  every  30  lb.  of  cast  steel;'*  or 
the  ingnHlieniR  may  )h?  addeil  in  the  wime  relative 
prf»portii>rift  to  the  malleftble  \nm  while  (t  is  being 
TTJ,*!^•      "  T^fut  Tht-     TM^M-iit ion  of  a  moderate  beat 

I  t  with  the  mixture,  and 

r<   rh',  i-i  I     U    lin  1..   r    [-t     -  I  irl 

tPrintPtt,  ad.  {?©«*♦  IfiiHli^n  Juurnat "  (Ne\vtr»n'»),  toI.  2D 
IcOfyoiited  Bflri.es).  J9.  17;  "  Mrcitimir*^  Mu^Siih;,^*  vol, 
A%  a.  1(19:  luul  '-GnfiiMwn'  and  Arobuecu'  Jounjol,'* 
vol  S»  p.  90.1 


ORi;    AND   SCALE    MIXED   WITH   C 
CEOU6    MATTF.R  AND    t- 
DUNG      FURNACK  —  gl 
TAINING  ALUMINA   UftKii   ly  €iiftSl 

SHORTNESS* 

RusHTON,  Thomas  Leysr. — 1841*  i 
21.     No.  1U,233. 

**  Improvements  in   the   maDoftdiire  of  I 
Tla^  *'  bummer  «lack,  roUed  t»caie.  red  ore, 
ore  and  other  oxide*''  usually  mi Ke«l  uttli  tfWl 
the  puddling  funiace.  are   mr 
carbonaceous  matter  in  the  pi 
to  (but  not  iucludiTtj"  '^^  — 
matter.^'    The  pn*!' 
wards  being  claimed 

—1840.     March  3U     ha,  i^,4b^,)     -   io 
No,  4  pig  iron  '^  the  patentee  add^  *'  M  !^ 
eashire  hematite  ore  pu1«> 
lb,  of  pow<lered  coke . ' '     * 
tite  Ije  mcreased,  that  of  e«  4     i 

•*  Clay  J  argillaceous  irori>t  i 
containing  alumina,"  grouiKi  hu,  . 
to  thone  ores  likely  to  prMrire  **  re*l 
cure  that  defect,  in  proportions  of  i 
per  cent  by  weight  of  the  ore  employed. 

A  mixture  in  proptirtioiw  of  nbuut  lo4t  Ih,  ei  itp 
cinder  con tiuniug  71  per  t  > 
loO  lb.  of  Lancii^hire  h* 
Wortley  thx^-clay,  60  lb 
coke  dust,  may  be  adv.n 
m  an  u  fact  u  i^d .    it  her  with 
iron,  in  rcverberatttry  furtmc:r»,  in*i> 

[Pnutrit,  4il.  Seu  "  .Mrcliatuct'  M«f  mi 
*'  (Mfiiikm  Juurtial  "  (Ncv»li»fr«i.  \o\.  'J»' 
p.  l(El;  auil '*  Kiifiaeera^  Rud  ArchiMc: 
p  S4] 

Note.— 7^f  puteut  of  Mr.  Ciay^t  rrf* 
for  making  mailftibU  iron  in  «  rtttrbf^a  .  , 
nace.from  Jint  on  mijrd  with  2S  pet  ttni  aai  v> 
warat  of  ituheristd  eatbonaet^i^  mmiit*.  Ar 
gpecijlcatioti^  Atm^rrer ,  ttiyt:  *'  Pig  or  tfrmp  isw^'if 
a  Wright  ftptui  to  that  o/thi  ore,  msy  U  uddHmA 
advantiigt  in  th  at  the  limt  wkm  ih  frt 

and  furl  art  u^ 

ThiJi  fitttrut  ij.    .......  ,.:.r^  ftOif     "^  t»irt-<<»<||f| 

prr\mrnt»  makint^  and  clfttmt  >'  mlt^I 

&re  with  atrbontiCfmu  mattfr  > 
proeeti.     MQft  carbon,  than  tht  uvn  mn 
necrsAary  to  rtduet  the  oft,  and  th*  rrfm**  tf  ^  ^ 
oil  refinerieM  u  taid  to  bi  tht  bfti  cctrdOMdW  ••- 
teriai. 

SPECIFIED    PROPORTIONS    OF    SALT,  Llli 
AND    IRON    SCALES    VAfU    i\    rut  If^- 

dlino  fubnace. 

Osborne,  John  Jamee,*— 1;?4*k    j^ 
16.     No.  10,470. 

**  Improvements  in  the  mftnuCbetnre  of  bm  f^ 
steely  anil  in  furnxu^ea  to  lie  cfuplojrod  to  iticl  ai4 

similar  manufactures/'^ 

To  improve  the  quality  of  ^h*»  irw*,  'Umittu.^ 
composed  of  2  lb   of  ctMi  -  •       -  ^    fj 

burnt  or  quick  lime  in  p. 
scabs*'  *»r  banirr    -     '    '  ■ 
dling  fviniace 

melted  up  with  i  _    

weight  of  pig  iron.    The  irock  i*  tbeo  pudcM  *>4 
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nar  iron.  "  For  making  shear  steel/'  to 
'  5  hundredweight  of  pig  iron,  20  lb.  of 
ig  are  added  while  the  iron  is  liquid,  and, 
ly.  a  mixture  of  ''  2  lb.  of  common  salt, 
ck  lime  in  powder,  and  2  lb.  of  peurlash, 
*  the  common  carbonate  of  soda "  (the 
referred)  should  be  added  in  small  quan- 
ioleut  etfervescence  ensues,  and  the  mass. 
Led,  is  made  in  the  ordinary  way  into 
.  When  cast  steel  is  required,  the  mass 
r  treated  with  the  mixture,  but  not  pud- 
led;  or  a  blast  fUmace  may  be  employed. 
3  is  run  out  in  a  plate  of  about  1^  in. 

It  is  cooled  with  water,  the  slag  is  re- 
1  then  the  maw  is  broken  up  and  melted 
s.  ''  28  lb.  of  the  plate,  with  1^  lb.  of 
s  glass,  8  oz.  of  pearUsh  or  16  of  carbon- 

**  and  '^  8  oz.  of  black  oxide  of  manga- 

produce  excellent  cast  steel. 

roved  steel  furnace  is  then  described. 

d.  See  '*  London  Joarnal "  (Newton's),  vol.  27 
I  wries),  p.  94  ;  and  *'  Engineers'  and  Architects' 
'  vol.  &  p.  331.] 

TRIZINQ  MELTED  PIG  IRON  BY 
3  OF  MALLEABLE  IRON  SCRAP. 

[,  JosiAH  Marshall.  — 1845. 
.    No.  10,798. 

rements  in  the  manufacture  of  cast  steel.'' 
;ion  is  described  as  an  improvement  on 
r.  Heath,  patented  April,  1839.  (See 
uk1*s  Magazine,  No  6,  page  469.)  The 
ion  of  pig  iron  may  be  better  effected  in 
18  distinct  from  that  in  which  it  is  melt- 
>ig  iron  is  melted  in  a  cupola  or  other 
d  run  from  it  at  the  highest  possible  dc- 
iperature,  into  a  refinery  or  other  recep- 
le  of  resisting  very  great  heat.  The  re- 
to  be  maintained  at  a  high  temperature 
of  currents  of  ignited  carbonic  oxide  gas" 
ed  atmospheric  air,  or  by  oxyhydrogen  or 
,  or  other  suitable  means.  "  In  order  to 
;  the  tiuid  iron  in  the  receptacle  "  to  the 
nse,  the  necessary  quantity  of  malleable 
tie  mixed  with  it  **  more  or  less,"  as  the 
be  "softer  or  harder.  If  cast  steel  of 
xdness  be  required  "  equal  proportions  of 
lleable  iron  answer  best ;  but  these  vary 
« the  (luality  of  the  iron ;  gray  iron  re- 
e  malleable  iron  than  white. 
.  a  judgment,  small  samples  should  be 
and  when  cold  tested  by  fracture.  The 
ron  may  be  mixed  in  the  form  of  scraps, 
erence  in  a  granular  form,  produced  by 
pure  oxide  of  iron  to  very  small  frag- 
submitting  them  to  the  process  of  ce- 
mlxed  with  just  that  proportion  of  car- 
matter  which  is  sufficient  to  combine 
cygen  at  a  red  heat  in  a  close  vessel ;  the 
iron  at  a  white  heat  is  then  mixed  with 
g  iron,  and  the  whole  is  stirred  and  kept 
if  fusion.  A  vitreous  flux  should  be  used 
16  surface  from  the  atmospheric  air.  The 
(O  from  the  fluid  mass  will  show  when  the 
the  required  quality,  and  it  is  then  run 

L  See  "London  Journal"  (Newton'«)  vol.  29 
Ml  eeriee),  p.  330 ;  and  "  Patent  Journal,"  vol.  1, 


Note. — Heath  mentions  introducing  currmts  of 
heated  air  into  a  finery  or  receptacle  in  which  the 
ute  of  fuel  i»  not  specified.  Here  are  tome  of  the 
elements  of  the  Bessemer  process^  but  there  is  no 
further  intimation  of  blowing  the  air  through  or 
INTO  the  molten  irony  than  that  a  finery  is  employed. 
Partial  decarburization  in  a  finery,  by  air  blasts, 
was  very  old  in  1846.  The  fact  that  Heath  specifies 
such  extraordinary  and  costly  means  qf  keeping  his 
decarburizing  vessel  hot,  indicates  that  he  did  not 
know  that  simple  streams  of  air  blowing  through  the 
iron  would  accomplish  both  the  heating  and  the  de- 
carburization  of  the  iron. 

Melting  down  or  keeping  in  a  state  of  fusion,  in 
a  highly  heated  vessel  or  furnace,  cast  iron  and 
wrought  iron  scrap,  to  produce  cast  steel,  appears 
to  be  similar  to  the  Martin  process,  of  which  the 
particulars  are  given  in  another  column. 

The  use  of  malleable  scrap  in  decarburizing  crude 
iron,  was  first  specified  by  John  Wood,  in  1761. 
(Fan  NostrandU  Magazine,  No,  %,p,  194.) 

PUDDLINQ  BY  AID  OF  AIR  OVER  THE 
FIRE  ;  ALSO  BY  THE  AID  OF  ORE, 
SCALE   AND   SLACK  COAL. 

BoviLL,  Georqe  Hinton. — 1846.  Jan. 
31.  No.  11,065. 

Improvements  in  the  manufacture  of  iron.  The 
invention  relates  to  various  matters,  among  others : 

6th.  To  a  method  of  puddling  iron  *^  by  the  appli- 
cation of  the  water  furnace,  commonly  known  as 
Kymer  and  Lighton's  furnace,  the  same  being 
worked  by  air  blown  into  a  closed  ash-pit,  and  the 
introduction  of  air  over  the  fire  to  consume  the 
gases  generated.'' 

6th.  To  a  preparation  of  cinder  foom  Cumberland 
ore  or  hammer  scale,  and  the  slack  of  anthracite 
coal  or  other  suitable  fuel,  '^  to  assist  the  working 
of  iron  in  the  puddling  furnace  "  and  also  to  facili- 
tate the  combination  of  steel  with  iron. 

[Printed,  3d.    See  "  Patent  Journal,**  vol.  1,  p.  179.] 


FURNACE    FOR   AND   PROCESS    IN   MAKING 
MALLEABLE  IRON. 

WiNSLOW,  John  F.,  Troy,  N.  Y.— 1846. 
March  16.     (U.  S.) 

Note. — No  specification  published. 

THE  USE  OF  ANTHRACITE  COAL  IN  THE 
REFINERY  FURNACE. 

Crane,  Patrick  Moire. — 1847.  April 
8.    No.  11,653. 

"Improvements  in  the  manufacture  of  iron." 
These  relate  to  the  use  of  anthracite  coal  in  the  re- 
finery furnace.  The  anthracite  is  to  be  previously 
heated  in  kilns  or  in  any  convenient  manner,  or  us^ 
in  a  state  of  ignition.  It  may  be  used  alone,  or 
mixed  with  other  fuel,  and  effects  saving,  and  is 
said  to  improve  the  quality  of  the  refined  iron. 

[Printed,  3d.  See  *'  Repertory  of  Art«,»*  vol.  10  (enlargred 
series),  p  300;  '* London  Journal*'  (Newton's),  vol.  31 
(conjoined  series),  p.  S77 ;  nud  "  Patent  Joarnal,"  vol.  3, 
p.fiW.1 
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CHARCOAL  MIXKD  WITH  laON  IN  PUH- 
DLING,  AND  CASTINO  INTO  PIUS  FROM 
AN    Am    FURNACE,    INSTEAD   OF    USING 

TUE  piNEar, 

Blkwitt,  Reijinald  James.  — 1847. 
May  27.     No.  11,723, 

'*  ImjirovemctJtii  in  the  nianufactury  of  inaUeahle 
troll. '^  The  ironj  iDHtcud  of  being  rt'flnptl  in  a  ru- 
tlnery  furuace,  is  to  Ihj  produced  from  th«i  air  fur' 
nuce  Commonly  used  for  casting  or  fouiuling  pur- 
poses. It  IS  to  be  melted  id  the  uir  furimce,  And 
then  rim  out  mio  sand  or  iron  mnld.^,  and  then  sub- 
jerled  to  the  puddling  prucesa.  The  i'uel  iiwd  Ijy 
the  piaente<!  ''  in  a  white-iuth  icmi-hitumitious  coal 
of  excellent  quality/'  He  uses  one  or  two  hun- 
dred weight  of  eharcoat  with  euch  charge  of  iron  of 
about  four  tons. 

[Prinieil,  3d.  See  "  Repertory  of  Ari*^*'  toI  10  (fiilar|fd 
terie«),  p,  354  ;  "  M*cIibiuc«'  iVIa^azne/^  vol.  47^  p.  569 ; 
"Pa  I  cm  JoarHiiJ,'*  vol  4.  p,  30;  a»»d  '*Eng«>i;«ri'  «iKi 
Arcbiiecu'  Jou/nal,"  vol.  U,  p.  40,] 

Plfl  IBON  MIXED  WITH  FORTT  PER  CENT 
OF  WROUGHT  IRON  IS  MELTED*  **  SHOT- 
TED "  IN  WATER  AND  PUDDLED — OXIDE 
OF  MANGANESE  INTRODUCED  THROUGH 
THE  FINERY  TUYERES. 

ViCKERS,  WiLLiA5f. — 1847.  Jane  19. 
No.  11J59. 

''Improvements  in  the  manufacture  o  Mron," 
Pig  iron  is  molt^-'d  with  smaU  quantities  of  wrought 
iron,  such  as  scrup  turuingR  or  lllingw,  and  the  mix- 
ture i»  run  in  finely  diridtil  «tream»  into  water. 
The  proportions  varyj  for  making  good  ordinary 
wrought  iroiij  30  purts  of  wrought  iron  turnings, 
with  70  part*  by  weight  of  iron,  arc  found  bimt?fi- 
ciaL  If  the  iron  be  intended  for  making  steel,  the 
propartion  of  wrought  ircm  may  be  increased ,  and 
40  per  cent  of  wrought  iron  employed.  The  melted 
iron  is  run  into  a  c*ist  iron  tniy,  perforntefl  with 
half-inch  holes,  and  lined  with  clay  about  ^  inch 
thick,  punctured  "with  holes  About  |  of  an  inch 
thick  at  th*>se  places  where  there  are  holes  in  the 
»y,"  The  iron  is  dropped  in  a  divided  state  into 
cistern  of  water  about  15  feet  lielow  it,  and  is 
^erwunb  worked  up  into  >vrought  iron  in  the  orrHn- 
iiry  way.  From  three  U*  five  per  cent  of  V»lnck  oxide 
of  nmngancse  may  he  used  advantageously  with  the 
melted  pig  and  wTought  Iron,  undmay  be  introduced 
by  placing  small  quantities  in  the  tuyere  holes. 
fPfjnictl^  3d  Fee  "Rcp«rii>ry  of  Arts,"  vol.  13  (cntitrgwl 
»eri<^t),  p.  !N3;  "  Loiidoti  Jotirnal  "  (N>vnoii'«),  vM  3t 
tcoi^omed  M5Tifl4).  p  407 ;  "  Mocha iiict^  Mjignziite,^^  vdL 
479  p.  (EU  i  *oA  '*  Paienl  Jottriwl,"  roi  4,  |i.  137.] 


'he  New  Brxdoe  over  the  Schctl- 
KTLL. — The  first  premiuiii  for  designs 
for  a  bridge  at  the  site  of  the  present  ens* 
pension  bridge  over  the  Schuylkill,  has  been 
•warded  to  51  r.  J.  H.  Linville.  The  clear 
•pan  U  340  ft.»  width  50  ft.,  including  two 
•idewalkft  of  B  ft.  each.  There  are  two 
roadwajB,  the  upper  one  being  reached  by 
approaches  on  iron  column*,  to  avoid  grade 
crowing,  over  the  Pennaylvania  Railway  at 
y\  e»t  PhUadelphia. 


THE  riiOGIlESS  UF  LlQllD  FlU] 

From  a    paper    reftd    before  the    liuitliatt  ti  \ 
Architucltr  by  Capi»m  eivlwja*  E.  H« 

No  one  here  will  probably  be  _ 
deny  that  economy  i»  the  urder  uf 
and  I  am  here  to-night  ^ 
year^  before  the  Naval    . 
the  history  of  liquid  fuLi. - 
on  the  important  economy  U'  ■■*ii 

its   cinployiu*int   in   ^tc-am   $>hip» 
The   expcriinentft  on  which  I    was  I 
at   this  time  engaged,   and  to  which  I 
referred  tk»  taking  place    in   a  small 
launch,    terminated    in    atnple    prcn^f 
given  that  they  had    not  been   unrnv 
dertaken  by  the  Admiralty  at  the  ; 
Mr.  Reed,     During  a  trial   of  7  ho 
minutes  with  eoaU  a  Mtnalt   bailer  kUol] 
the  launch  in  question  evaporatod  5,41^ 
of  water   at  the    rate   of  H,5   lb.   ef 
(from  212")  per  pound   of  fuel,  whi 
oil   the   evaporation   in  the  same  IkiH 
l*2.?t  lb.  of  water  per  pound  of  fm.-K 
quantity  3370  lb.  in   S   hourh  45  niinuU 
It  is  to  be  remarked  that  the  ecial  wm  I 
best  navigation  steam  coal,  and  the  1 
forced  as  much  a^  the  stoker  could  (' 
thi§  was  not  done  with  the  oil, 
boiler  being  short,  too  much  heat  i 
lost  up  the  funnel,  no   more  coal 
been    burnt,    nor  eould   the   ntianti 
burnt  have  been  continued  without  i 
cleaning  of  the  firee.     The  oil»  no 
trary,  was  burning  aa  well  at  la«t  as  ftll 
ing,  and  there  wt^s  no  depo*<it  in  the  f 
or  boiler   flue.     The   fire  was   lights 
wood,  or  wood  and  coal,  and  oil  wa«  i 
on  as  soon  as  10  lb.  of  steam  w^re  oil 
The  steam  wait  generally  ratted  U»  ifti^ 
pressure  in  about  one  hour  from  ligh 
£re.     There   was   no    smoke,    and  ^-^ 
handkerchief  could  seareelv  hare  be€lic 
in  the  furnace  after  the  oil  fire  waa  po*  < 

The  results  were  bo  far  satldfactory  ti»t 
the  Admiralty  gave  a  larger  boUer,  whwh  W 
formerly  belonged  to  the  Oberoa,  and  wofr 
tioned  further  experiments.  Theiiid  ar«  i^ 
proceeding,  though  intermitted  for  a  tiat 
from  causes  over  which  I  have  do  eflOtw^* 
I  trust  they  will  shortly  bo  resumed.  U* 
boiler  in  question  is  nominally  of  130  ia/n^ 
power,  and  with  coal  has  evaporated  UQ  tM 
in  July  206  cubic  feet  of  wmlcr  per  lw©« 
making  her  equal  on  the  idlairaiiet  liid^ 

*  Mfian  per  boar  : 

CoaJ»   100  1b ro<tb«WBiilu 

OU,  laoib 103Slb.  1 
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HToolwich  of  half  a  cubic  foot  per  horsc- 
fomBT  to  a  real  power  of  412.  On  that  trial 
An  burnt  m  three  fires  13 1  cwt.  of  coal  per 
boar,  and  evaporated  at  the  rate  of  8.2  lb. 
af  water  per  lb.  of  fuel  burut.  Now,  it 
■aj  here  be  observed  that  it  is  extremely 
lottbtful  if  this  rate  of  evaporation  could 
be  maintained  for  any  very  long  time 
KB  practice  with  coal  in  this  boiler.  There 
is,  on  the  other  hand,  no  doubt  what- 
Bver  on  my  mind,  or,  I  think,  in  that 
af  any  one  who  has  seen  the  liquid  fuel 
m  operation,  that  whatever  it  does  once  it 
■ill  continue  to  do  for  anv  number  of  hours 
Br  dajs,  if  the  same  quality  of  oil  be  used, 
wd  the  fiimace  be  not  altered  purposely, 
becanae  there  is  no  stoking  needed,  and  no 
l^oait  of  any  kind  to  require  removal.  The 
boiler  waa  prepared  to  bum  the  oil  in  the 
GiUowing  manner:  having  been  already 
placed  on  the  wharf  of  the  steam  basin  for 
a  preTions  experiment  not  connected  with 
kheae,  it  was  only  necessary  to  fill  the  tanks 
wkich  were  on  the  top  of  the  boiler  with  oil, 
to  have  them  correctly  gauged,  and  to  fit  a 
pipe  to  convey  the  oil  from  the  tank  to  the 
■n-doora,  where  it  entered  the  injector. 
Bteam  was  taken  from  a  small  boiler  placed 
near  the  lar^  one,  and  fired  with  coal,  and 
by  another  pipe  this  was  brought  to  the  fire- 
doors,  thence  through  a  superheating  coil  in 
each  lornace,  and,  Ustly,  into  the  injector, 
where  it  met  the  oil.  The  boiler  was  a  tubular 
one.  with  twelve  rows  of  tubes.  These  were 
diTided  by  diaphragms  in  the  combustion 
chamber  and  smokebox  into  three  runs  as 
foUowa :  a  diaphragm  of  ^  in.  iron  plate  was 
pierced  fall  of  holes,  and  then  lodged  in  the 
eombiiation  chamber,  over  the  fourth  row  of 
tubes,  thus  forcing  the  products  of  combus- 
tion to  return  through  the  four  lower  rows 
of  tubes  alone.  Arrived  in  the  smokebox, 
the  heated  air  met  another  diaphragm  exactly 
similar  to  the  first  over  the  eighth  row  of 
tubes,  which  forced  it  to  return  again  to  the 
combustion  chamber  through  the  tubes  left 
open  to  it.  From  thence  it  again  pressed 
back  to  the  uptake  through  the  upper  four 
rows  of  tubes.  The  object  of  the  holes  in 
the  iron  diaphragms  above  spoken  of  was 
that  fireclay  might  be  plaMtered  on  the  plates 
above  and  below,  and  be  jointed  through  as 
it  was  thought  the  heat  would  otherwise  soon 
cause  the  plates  to  lose  their  shape  and 
bend  down.  It  is  clear  that  had  they  been 
designed  for  anything  more  than  an  experi- 
ment, there  should  have  been  water  spaces. 
But  as  far  as  the  oil  burning  was  carried, 


the  heat  seemed  to  be  sufficiently  kept  down 
in  these  plates  by  contact  with  the  water 
spaces  of  th^e  boiler.  No  attempt  has  yet 
been  made  to  ascertain  what  quantity  of 
water  can  be  evaporated  by  this  boiler  with 
oil,  since  it  was  soon  discovered  that  the 
small  boiler  could  not,  evaporating  from  3 
to  4  cubic  feet  only  of  water,  supply  steam 
enough  to  bum  the  full  quantity  of  oil.  It 
was  first  necessary  to  find  out  the  best 
arrangement  of  furnace,  and  this  could  be 
done  while  burning  only  a  small  quantity  of 
oil  per  hour.  As  the  size  of  injector,  its 
best  arrangement,  and  the  quantity  of  steam 
required  per  pound  of  oil  to  produce  the 
best  effect,  were  also  matters  for  preliminary 
experiment,  these  were  the  first  points  to 
which  attention  was  given.  It  was  found 
that  the  oil  could  be  perfectly  burnt,  as.you 
will  see  by  the  tabulated  result,  without  re- 
moving the  firebars,  or  in  any  way  altering 
the  furnace  so  as  to  prevent  coal  being  burnt 
the  next  hour  if  desirable.  That  the  form 
of  injector  giving  the  best  effects  was  that 
where  the  oil  was  in  the  internal  injector 
with  the  steam  issuing  from  an  annular 
aperture  round  it.  That  the  quantity  of 
steam  required  for  jets  would  be  about  1  lb. 
per  pound  of  oil  burnt.  That  rough  broken 
firebrick,  or  whole  firebricks,  loosely  built 
up  on  the  firebars,  were  perfectly  efficient  as 
governors  and  distributors  of  the  intense 
heat  generated  by  the  combustion  of  the 
oil.  These  speedily  got  nearly  white  hot, 
and  remained  so.  That  the  superheaters 
should  be  placed  in  the  smokebox  preferably 
to  the  top  of  the  furnace,  where  they  had 
been  fixed,  as  giving  rise  to  the  least  altera- 
tion of  the  ordinary  state  of  the  boiler  for 
coal.  That  the  firedoors  ought  to  be  made 
in  a  different  form,  i.  e.,  box  doors  opening 
with  a  regulator,  and  hung  from  above  in- 
stead of  at  the  side,  and  that  some  other 
slight  modifications  would  be  desirable, 
though  not  necessary. 

The  whole  arrangement  was  then  altered 
in  order  to  establish  whether  by  liuing  the 
furnaces  with  firebrick  after  taking  out  the 
firebars,  building  up  bridges,  etc.,  any  better 
result  could  be  obtaiued  without  any  dia- 
phragms, which  were  also  taken  out. 

This  part  of  the  experiment  has  not  yet 
been  finished,  and  I  am  not,  therefore,  pre- 
pared to  give  any  further  information  about 
it  now ;  but  I  hope  to  try  it  thoroughly, 
since  it  was  under  a  modification  of  this 
arrangement  that  the  extraordinary  results 
I  narrated  last  year  seem  to  have  been  o\y» 
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tttined.     The  oil  supplied  during  these  pre- 
lim mar  j  trials  has  heen  aoalysed^by  ProfeB&or 
Church,    of   CireDcester   College*  with 
following  results.     It  is  composed  of 

Carbon 86.48 

Hydrogen 7.06 

Oxygen,  or  refuse 6.46 


100.00 


Now,  referring  to  Professor  JIacquorn 
BankiDe^H  adoiirable  paper,  wc  find  tbat,  in 
order  to  arrive  at  the  calorific  effect  in 
British  units  of  heat  to  be  expected  from 
this  oil  I  we  have  to  make  the  following  simple 
calculation  : 

Per  eent. 

Carbon 86.48  X  15  =  13.02 

Hydrogen. ,.     7.06  X  64  ^    4.5 


17.52 


WJ 


Total 

if  refuse  be  not  oxygen  ;  or, 

Carbon. . , ,     86.48  X  15  =  13.02 
Hydrogen..      6.26  X^=    -^^^ 

Total 17.02 

if  refuse  were  oxyen,  deducting  J  its  weight 
of  the  hydrogen.  Thus,  in  either  case  wc  | 
may  say  that  the  total  theoretical  evapara* 
tive  duty  or  calorific  effect  in  pounds  of 
water  evaporated  from  212'*  Fahr,  is  17  or 
17,55  respectively.  Now  the  neit  calcula* 
tion,  taking  the  figures  from  the  tabulated 
result  ai  Woolwich,  is  to  be  performed  thus: 

Temp,  of  feed,  50''  Fabr. ;  temp,  of  actual 
boiling  point  due  to  26  lb.  pressure,  269** 
T  h  ;  const.,  212*  ;  boiling  point,  T'.  Now 
the  formula  is  thus  : 

Evaporation  reduced  or  corrected  = 

eraporation  observed  X 

1  ^  T'--  T/+  0.3  of  T  ^  —T 
966^  Fahr. 
Then 

rjii  212"  Ti269' 

—Tf  50  —T  212 


162 


67^0.3  =  17.1 


-f         n.ltVofTZ^T' 

179.1  H-^ee**  =  .18. 

Then  unity  -(-  .18  ==  1.18  X  evaporation  ob- 
served at  feed  temperature  14.22  =  16.77  lb. 
of  water  evaporation  from  constant  of  212* 
Fahr.  by  1  lb.  of  oil  against  17.52  total  duty 
to  be  expected  from  this  particular  sample  of 
oil.     If  other  oils  capable  of  giving  up  to 


22  lb.  or  24  lb.  of  calorific  effect  W  ««p«fil*] 
ed  on,  we  may  expect  an  equally  eati>fiiclBiy] 
approach  to  their  theoretic  value. 

It  is  to  be  observed  that  the  sam; 
for  analysis  wajs  from  the  last  of  tli- 
as  we  may  expect  that  the  whole    . 
would    be    arranged    according  t«. 
gravity,  perhaps  this,  which  was  w 
fi.rst  trials,  got  a   little   advantage 
way,  but  there  could  not  have  V- 
difference  than  1  lb.  of  calorific  power « 
way. 

I  would  draw  particular  attenttoo  \ 
fact  that  during  this  trial  the  teinfi 
of  the  bottom  of  the  funnel  was  m 
120**  Fahr.  I  must  now  j>oint  out  thitl 
rule  adopted  throughout  the  GorcfViBivl 
trials  of  calcuhiting  the  evaporative  cSmI 
from  a  constant  of  100**  Fahr.,  tbaQ|b  te 
enough  for  comparison  at  ordinary 
tures  and  pressures,  does  not  take  i 
count  the  latent  heat  due  to  high  pnantfel 
the  boiler,  neither  does  it  give  in  any  i^ij 
the  actual  calorific  effect  of  the  ^1  n 
British  units  of  heat,  which  Profeasor  IU^ 
quorn  Bankine's  formula  does. 

I  have  also  to  observe  that  in  baying  A 
for  heating  pur]>oses,  as  much  atUHtiQI 
ought  to  be  paid  to  the  chenLicnl  iluljVi 
showing  the  proportions  of  carbon,  hydrofMi 
refuse  or  oxygen  (if  any»)  as  would  be  ioot 
with  coal  to  ascertain  from  which  mml  if 
stratum  it  was  obtained,  and  con^witicirtlj 
what  effect  it  might  be  expected  to  prodnc* 
There  will  also  be  a  necessity  for  a  sp«ciitf 
gravity  and  fire  test,  as  advei  -ed  to  m  ttj 
former  paper. 

I  will  now  briefly  advert  to  aoint  oAtf 
independent  proofs  of  the  calorific  dfoct  rf 
these  oils,  as  compared  with  cnaK 

A  boiler  plate  furnace  at  V  '^^ 

been  fitted   to    bum   oil    after  ,      <^ 

patented  by  Messrs.  Dorsett  and  Bljtii, 
which  first  converts  the  oil  i"'"  ^^^^  '»  » 
species    of    retort,    or   still    r*  ^ 

ordinary  vertical  boiler  of  smnn  ^t*'^,  ^^^ 
then  burns  it  as  gas  issuing  from  small  %^ 
tures  in  a  coal  of  iron  pif>e,  Hert  ni»  «t<«» 
is  required  ;  but  1  have  se«n  re^aOB  to  lhn»^ 
that  in  a  ship  the  other  j^  will  be 

preferable,  as  I  do  not  thi  js  mocK 

if  any,  difference  in  the  calorific  result*,  i»l 
in  the  plan  I  now,  use  only  the  oil  nndi^tctm 
pipes  with  the  injector  are  necesjuiry* 

However  this  may  be,  the  results  obtain<<l 
in  this  furnace,  which  now  bums  oil  vboM*^ 
of  coal,  are  briefly  these  ; 

Scvcnty-flve  gallons  of  oil  Are  uied 
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f ,  instead  of  1  ton  of  coal,  or  the  sp.  gr. 
the  oil  being  1,050  about  780  lb.  of  oil 
it  the  famace,  which  had  required  2,240 

of  coal.  This  gives  us  a  proportion  of 
4>2.7.  But  this  is  not  all.  The  ^  in. 
m  plate  which  took  formerly  15  minutes 
heat  now  takes  6  ;  thus  eflfecting  a  saving 

time,  which  those  who  have  seen  men 
liting  round  a  furnace  for  the  heat  to  be 
t  on,  will  do  well  to  appreciate ;  the  pro- 
riion  here  is  1  to  2.5.  Now,  780  to  2,240 
2.7  times  the  duty  of  coal,  or  equal,  if  we 
ke  coal  at  7  lb.  of  water  evaporative  power 
18.9  lb.  of  water  evaporated  by  1  lb.  of 
«  I  am  informed  that  a  still  more  remarka- 
B  difference  was  observed  in  the  time  taken 
keat  armor  plate  when  a  small  piece  of  it 
IS  tried.  The  heat  is  remarkably  even  and 
at  firom  scale,  and  no  difference  has  been 
served  in  trials  made  as  to  the  usual  tests 
r  strength  after  heating.     Since  last  writ- 

Son  the  subject,  several  other  boilers 
retorts  have  been  fitted  to  bum  oil,  and 
e  giving  satisfaction  ;  but  where  the  pro- 
T  flame  has  not  been  obtained,  t.  e.,  the 
ae  glow  due  to  burning  carbonic  oxide,  the 
salts  always  fall  short  of  the  true  value  of 
e  oil,  though  still  showing  a  considerable 
periority  to  coal.  As  regards  danger,  I 
ill  repeat  the  experiment  made  here  last 
«r  with  a  burning  fuse. 
Bat  the  best  answer  is  to  be  given  by 
ose  who  have  had  it  in  practical  operation 
iring  the  past  eighteen  months  without  any 
icident.  it  is  perfectly  true  that  a  gas 
iplosion,  though  not  a  very  dangerous  one, 
salting  in  the  singeing  or  burning  the  faces 
'  those  who  do  it  can  be  produced,  if  while 
tere  is  no  flame  in  the  furnace,  the  oil  be 
lowed  to  drop  on  the  hot  bricks  till  gas  is 
ade  sufficient  to  mix  explosively  in  the  fur- 
ice  with  air ;  and  I  know  one  gentleman 
ho  has  recently  insisted  on  trying  this  for 
:mself,  against  his  engineer^  advice,  and 
ho  got  conclusive  evidence  of  the  fact  in 
nged  whiskers  and  a  slightly  scorched  face. 
ne  such  explosion  also  took  place  at  Wool- 
ich  at  the  close  of  a  successful  Jay's  work  in 
y  absence  ;  but  there,  also,  those  who  did  it 
mfcssed  that  it  was  entirely  their  own  fault, 
id  were  not  at  all  afraid  of  going  on  after- 
ards. 

If  I  were  to  use  any  process  for  making 
le  oil  into  gas  before  using  it,  I  should 
refer,  on  manv  accounts,  to  do  this  by 
leans  of  Perkins's  coil  of  hot-water  pipe 
ised  some  years  ago  in  this  city  for  baking 
read),  instead  of  putting  a  fire  under  the  still. 


IMPURITIES  m  IRON. 

From  a  paper  <<on  the  MoieoaUr  Action  of  Impari- 
ties iD  Iron,"  read  before  the  PhiloBophical  Society 
of  Glasgow  bj  Th</maa  Rowan,  F.  C.  8.,  F.  B.  S.  8. 
A.,  Atlas  Works,  Glasgow. 

The  impurities  contained  in  iron  and  steel, 
such  as  phosphorus,  sulphur,  &c.,  which  in- 
juriously affect  the  good  qualities  of  these 
metals,  have  of  late  been  the  subjects  of 
much  discussion  and  elaborate  investigation. 
Without  wishing  to  enter  into  the  discussion 
as  to  the  effects  produced  by  certain  quantities 
of  these  impurities,  I  would  suggest  that 
these  effects  may  not  be  entirely  dependent  on 
the  presence  of  any  one  element  known  to 
produce  them  in  greater  or  less  degree,  but 
may  be  intensified  or  modified  by  combinations 
of  impurities  in  the  same  metal.  Thus  the 
alleged  absence  from  the  Heaton  steel  ana- 
lysed by  Dr.  Miller  of  the  cold  shortness 
which  under  ordinary  circumstances  would 
be  due  to  the  amount  of  phosphorus  which  it 
contains,  may  be  occasioned  by  the  presence 
of  the  calcium,  etc.,  shown  in  the  analysis. 
I  conceive  these  results  to  be  due  to  mole- 
cular change,  which  is  variously  produced  in 
the  iron  or  steel  by  these  various  elements, 
each  element  acting  in  a  definite  manner  on 
the  molecules  of  tne  metal,  while  in  some 
instances  the  action  bears  a  relation  to  that 
produced  by  some  other  meterial. 

It  seems  clear  that  iron  and  steel  are 
capable  of  numerous  modifications  or  changes 
of  their  molecules  or  particles,  by  which 
different  physical  properties  may  be  imparted 
to  the  same  bar  or  piece.  Some  of  these 
which  are  produced  by  mechanical  means, 
are  well  known  in  their  general  effects.  For 
instance,  if  Bessemer  steel  in  its  cast  state 
be  struck  violent  blows  with  a  hammer  it 
undergoes  a  disintegration  similar  to  that 
which  is  produced  in  metal  possessing  the 
quality  of  "  red  shortness,"  while  if  the 
same  metal  be  first  hammered  gently  it  will 
afterwards  withstand  successfully  more  vio- 
lent treatment  than  that  sufficient  to  disin- 
tegrate it  in  its  former  state.  Again,  it  is 
well  known  that  a  considerable  degree  of 
hardness  is  imparted  to  blister  steel  by  dip- 
ping it,  when  hot,  into  cold  water,  the 
chemical  composition  of  the  bar  nevertheless 
remaining  entirely  unaltered.  The  converse 
result,  or  the  impartation  of  softness  to  a 
hardened  steel  bar,  can  also  be  obtained  by 
mechanical  means.  A  somewhat  similar  in- 
stance of  the  alteration  of  molecular  struc- 
ture by  mechanical  means  is  to  be  found  in 
the   familiar  operation    of  "QVi\lUu\^C^  \^^ 
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wliicL  certaiTi  parts  of  a  casting,  which  are 
ex^posed  to  this  action,  are- materiallj  altered 
in  internal  structure,  and  have  in  some  cases 
an  extraordinary  degree  of  hardness  impart- 
ed to  them,  this  quality  not  being  possessed 
by  the  metal  in  its  original  state,  nor,  of 
course,  by  the  other  parts  of  the  casting  not 
BO  treated.  In  the  first  of  these  inBtnoces 
the  molecules  or  particles  of  Bessemer  steel 
seem  to  have  in  its  cast  or  crude  state  such 
positions  relatively  to  one  another  as  to  cause 
them  to  separate  under  the  influence  of  heavy 
hammering,  while  under  the  gentler  blows 
they  rearrange  thenistdves,  and  are  induced 
to  t^ke  up  positions  conducive  to  the  strength 
and  toughness  ultimately  possessed  by  the 
manufactured  bar. 

Some  interesting  experiments  on  the  action 
of  heat  in  producing  a  molecular  change  in 
iron  wire  have  been  made  by  Mr,  O.  Gore, 
F.  R.  S.,  and  communicated  by  him  to  the 
Hoyal  Society.* 

5lr.  Tresca,  in  a  paper  on  the  **  Flow  of 
Solids,"  read  before  the  Institution  of  Me- 
chanical Engineers  in  Paris  in  1867,  thus 
speaks  :  **  I'he  structure  of  iron,  as  com- 
posed of  contiguous  filaments  appears  to 
afford  an  explanation  of  the  causes  of  the 
transformation  of  fibrous  iron  into  crystallina 
iron  after  long  use  ;  filaments  of  different 
natures  may  also  differ  in  hardness,  and  the 
facets  seen  in  the  fracture  of  crystalline  iron 
are  nothing  but  t^urfaces  caused  by  friction 
between  the  particles,  arising  in  the  mole- 
cular vibrations  and  consecjuent  elastic 
ehanges  of  form  to  which  iron  may  be  sub- 
jected, according  to  the  use  it  is  put  to. 
These  facets  should  never  be  mistaken  for  the 
grain  in  the  iron,  which  is  originally  non- 
fibrous  [  and  an  examination  with  a  magnify- 
^g  glass  shows  that  there  is  in  fact  no 
similarity  between  the  two  states/'  This 
author  also  states  that  he  has  produced 
numerous  facets  by  twisting  and  untwisting 
the  same  specimens  of  granular  iron  a  num- 
ber of  times. 

It  is  to  similar  molecular  action,  resulting, 
however,  in  these  instances  from  chemical 
force^  that  I  would  refer  the  eflects  produced 
on  iron  and  steel  by  the  presence  of  the 
variou**  elements  denominated  •*  impurities." 
Thu'  rua  would,  on  this  supposition, 

be  fi>i  ;  :t  on  the  molecules  of  pure  iron 

hj  tfidncing  a  permanent  formation  or  rela- 
tive   grouping    of   them,    which    in   result 

•  (S*0  Fr9eudin$9  of  the  Rojal  So«ietj,  No*  lOg, 
Janitsry,  IMe.) 


corresponds  to  the  quality  of  '*eold 
nesB  *^  in  the  metal.     Sulphur,  whik  i 
ly  acting  on  the  molecules,  wciuld  mli 
different   arrangement   of  thorn,  and  ( 
quently  different  results  would  acscma  tal 
metal. 

We  could  understand    that  in  tl^M  i 
instances,  the  results  being  nearly  opp 
the  relative   formations   would  be  (omlj 
have   nearly  opposite    characters   abo. 
might  on  this  theory   be  possible,  weii 
effects    observed    which    are    proJm-itl 
variouj9  elements,  to  modify  or 
will  any  particular  class  of  char-.,. 
any  given   subetance ;  although   it 
improbable    that   any   one    cla-- 
could  be  counteracted  by  the  j 
the  same  metal  of  those  of  an  oppo^ 
In  case  of  such  combinations  a  new  ci 
would    in   all   probability   result   f 
complex  character  of  the  internal  a 

Some  careful  examination*  of  the  -' 
of  different  classes  of  iron,  which  i* 
valuable  in  their  results,  and  cakif 
throw  some  light  on  this  subject^  h;^ 
made  by  M.  £^chott,  of  Useuburg,  aaii  m 
published  in  a  work  cu  **  Irou  and  8tod 
Manufacture/*  by  F.  Kohn. 

M,  Schott  made  microBcoptcal  eTr*T.,mi. 
tions  of  the  fractures  of  various  qiu 
cast  iron,  and  also  minutely  ex-- 
appearance    afforded    by   thoee 
passing  from  the  liquid  to  the  v^ini  maw. 
He  has  also  made  numerous  examimatiiiM  af 
the  structure  of  steel,  and«  as  the  r     ' 
all  his  researches,  maintaLns  thai  * 
stals  of  iron  are   of  the  form   of  a  dajilk 
pjTamid,  the  axis  of  which  is  variahie*  m 
compared  with   the  siie  of  tlie  hue    Tb 
crystals  of  the  coarser  kinds,  «a  comrtred 
with  those  of  the  finest  qualities  of 
line   iron^   are  of  about  twice  the 
The  more  uniform  the  grain,  the  «ni:^ 
crystals,  and  the  fiatter  the  pyramid'*,  «"-  « 
form  each  single  element,  the  bett€T  i*  ifc» 
quality,  the  greater  is  the  cohesiTf  fitfw, 
and  the  finer  the  Hurfaee  of  the  iron*    Tiew 
pyramids  become  flatter  as  the  proporti««  nf 
carbon    contained    in    the  steel   aecreaies. 
Consequently,  in  cast  iron  a 
kinds   of  hard  steel  the   c  i 
more    the   cubical    form,    Uvm    yk\tu'i  i^ 
octahedron  proper  is  derived,   and  the  i^ 
poeite    extreme    or  wrought   iron   hm  i*» 
pyramids  flattened  down  to  parallel  forft^ 
or  leaves,  which  in  their  arrangement  pfwl««ft 
what  is  ealled  the  fibre  of  the  irtia*    Tkc 
highest  quality  of  steel  has  all  tCa  crjp^ 


ai^bours.  The  orystals  stand  with 
ixes  in  the  direction  of  the  pressure  or 
tsive  force  exerted  upon  them  in  work- 
ad  consequently  the  fracture  shows  the 


its  qualities  more  under  control. 
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illel  positions,  each  crystal  filling  the  I  tion  of  A.  McDougall,  Esq.,  of  Massachu- 
;ice8  formed  by  the  angular  sides  of  setts,  now  deceased,  as  Chief  Engineer,  and 

Charles  A.  Sweet,  now  of  Syracuse,  N.  T., 
as  principal  Assistant.  The  report  of  the 
Surveyors  was  made  to  Mr.  Kelly  in  1864. 
General  Features. — The  whole  exact 
or  sharp'  corners  of  all  the  parallel  j  length  of  this  canal,  according  to  the  survey 
Is.  In  reality,  good  steel  shows,  when  above  referred  to,  is  but  80.03  miles.  It 
ned  under  the  microscope,  large  groups  I  extends  from  Chepillo  Island  in  Pacific 
I  crystals  like  the  points  of  needles — '  Harbor,  on  the  Pacific  Coast,  to  the  Gulf 
mnged  in  the  same  direction  and  I  of  San  Bias,  on  the  Atlantic  side.  The 
b1."  I  entire  work  is  divided  into  four  sections. 

is  thus  evident  that  the  presence  of  j  The  first  section  extends  from  Chepillo 
elements  or  impurities  affects,  in  greater  ;  Island  to  **Panea8,"  on  the  Bayano  river, 
degree,  the  regularity  of  the  structure  ;  Besides  a  dam  across  the  river,  a  tidal  lock 
»n  ;  and  I  have  little  doubt  that ',  at  the  Great  Bend  of  the  river,  and  a  short 
sh,  by  determining  the  method  of  their  •  cut  across  the  Bend,  the  work  on  this  sec- 
upon  the  molecules  of  the  metal  will   tion  consists  chiefly  of  the  removal  of  sand 

bars  in  the  harbor  and  river.  It  is  10.101 
miles  long,  and  consists  chiefly  of  excava- 
tion for  the  canal  and  largely  of  rock  exca- 
vation. At  the  southern  entrance  of  the 
following  abstract  of  the  report  of  tunnel  through  the  mountains,  the  greatest 
1.  McDougal  and  Sweet,  the  engineers  .  elevation  attained  on  the  first  two  sections 
nrveyed  the  route  of  the  *'  San  Bias  '  of  the  canal  is  reached,  being  150  feet  above 
3anal  '*  in  1868,  is  compiled  from  a  the  level  of  the  water  surface  of  the  canal, 
h  of  the  report,  as  prepared  for  the  |  or  175  feet  above  that  of  the  Pacific.  The 
^nse  Daily  Courier  "  by  Mr.  Charles  '  entire  route,  except  near  the  mountains,  is 
eet,  one  of  the  engineers  above  men-  <  nearly  level.  The  summit  of  the  Cordille- 
.  The  complete  and  accurate  statis-  |  ras,  through  which  a  tunnel  is  to  run,  is, 
tre  presented  will  be  found  especially ;  however,  1,500  feet  above  the  level  of  the 
iting  at  the  present  time :  I  same   ocean.      The  soil   is   shallow,   being 

die  attention  has  long  been  directed  ^  loam  or  sand,  with  rock  below,  and  only 
jects  of  a  srand  intsr-oceanic  ship  i  from  two  to  five  feet  deep.  The  elevation 
to  connect  the  two  oceans  at  or  near  ,  of  the  ^rface  of  the  land  above  the  proposed 
thmus  of  Panama  or  Parien,  and  to  |  surface  of  the  canal  is  but  six  feet  near  its 
se  the  distance  now  necessarily  tra-  southern  terminus,  and  but  one  foot  near  its 
and  diminish  the  time  now  consumed  !  northern.  The  entire  canal  is  to  be  fed 
ng  from  the  ports  of  erther  ocean  to  from  the  Pacific  ocean,  and  its  water  to  be 
ler.  To  that  end  grants  have,  at  dif- 1  maintained  at  the  level  of  ordinary  high  tide 
times,  been  made  by  Central  Ameri-  !  in  the  Pacific.  The  tides  in  the  Pacmc  rise 
ates,  or  treaties  negotiated  with  them,  from  12  65-100,  the  lowest  flood  tide,  to  22 
fs  of  different  routes  have  been  com-  feet  for  the  highest;  and  these  create  the 
,  and  yet  no  progress  has  yet  been  ;  necessity  for  a  tidal  lock  of  45^  feet  eleva- 
towards  actual  construction  beyond  ,  tion  of  wall.  The  tides  on  the  Atlantic  side 
nrey  and  estimates  of  cost.  are  insignificant,  rising  only  from  one  to  one 

!  recent  negotiation  of  a  treaty  be-  ^  and  a  half  feet  from  ebb  to  flow.  The  third 
this  government  and  the  United  section  is  rock-cutting  through  the  Cordille- 
of  Columbia,  securing  and  regulating  '  ras,  seven  miles  long ;  and  the  fourth  section 


ght  to  construct  a  canal  across  the 
as,  has  now  revived  the  long  dormant 
it  in  this  project. 


consists  of  excavation  for  canal,  similar  to 
the  work  on  the  second  section,  terminated 
by  a  lift  lock.  The  whole  route  is  a  wilder- 
SnoRTEST  Route — This  is  the  ness,  without  even  a  hamlet  or  village  upon 
Bias"  route,  about  thirty  miles  long,  |  it,  although  four  miles  from  it  there  is  one 
It  to  be  about  sixty-five  millions  of,  native  village  of  2,000  inhabitants.  The 
I.     The  surveys  were  made  in  1868   following  is  the  oflicial  estimate  of  the  cost 


lalf  of  Mr.  Frederick  M.  Kelly  and 
of  New  York  city,  under  the  direc- 


of  the  work  by  sections  upon  the  survey  and 
plan  above  referred  to : 
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^Bi  mome  &etghta  were  p&id  before  shipping, 

^H|  laMi  t&rfie^iurter?  of  thii  charge 
■TviMild  be  uvedf  or  $7^4^3^574^  or  the 
^^iliaieil  at  a  p&r  cent  on  a.  capital  of  $12S ^892,900 
VSfep  forei^  tr^dt'  of  San  Francisco 
Hi  woold  he  beivetitf^d  bj  tme-hair  the 
^^  frelBtil,  the  amount  of  which  |mid  at 
■  Bort  in  lS5a  was  $1,S40,650.  One- 
K    lalf  Iv  equal  to  tbe  Interest  at  6  per 

\^-    eeotCD • 16,338,750 

L<.  n^  foreign  Pactflc  trade  to  the  United 
It  St«i«wMearriedouti]ild54itt96l 
^F  VttMdfl  outward  bound  and  §95  en- 
V  tend  iKtQMi  sbov^Dg  that  the  trade 
E  U  eqiiivakiit  lo  more  tb&Q  two-tbirds 
W  afltkalorCalifomia.  It  would,  tbere- 
B  fm^j  Id  passing  through  the  ctumt, 
%      Make  a  correspoDdiof  saving  for  a 

■m  equal  to 99,450,570 


MS 


•  ibowing  that  the  canal  would  lave 
to  ibe  United  Sutea  alone  in  annual 
interest  on  tbe  sum  of t $23S,eS2,220 

Tb«re  is  ako  &  table  Bhowing  the  number 
tf  veaselfl  Tisiting  the  ports  of  the  different 
malriefi  of  the  Pacific  beyond  Cape  Horti^ 
tbe  tonnage  entering  those  ports,  the  tonnage 
fttid  fmliie  of  their  exports  and  imports,  With- 
«Hii  embodying  details  a£i  to  the  several  coun- 
tries^ we  give  only  totals^  Tbe  number  of 
rtmeh  was  3,698, 

The  toooage  of  import  B  waa .*      1,5§2,S4& 

Thvt  of  exports  ,* ,*.-  "^"" '"" 


Total  tonnage . 


1,58*1,349 
8,268,696 


Tkenlnation  of  exports  was..... $49315,000 

tba  of  exports-.* *....  100,188,000 


Total  Tal,  of  exports  and  imports,  $1  ftOjOOajOOO 
There  was  also  attached  to  the  report  an 
Bterealing  table,  showing  the  Barings  in 
diflaoce  from  New  York  to  ten  of  the  prin- 
cipal porta  of  the  Pacific  by  ihe  route  of  tbe 
eoQlemplatad  canal  over  the  two  Cape  route8| 
which  we  give  in  full,  as  follows  : 
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This  shows  a  saving  in  the  several  voya- 
ges, one  to  each  of  the  three  ports  £tst 
named,  of  22,600  miles  over  tbe  Good  Hope 
route,  and  a  saving  in  a  single  voyage  to 
each  of  the  ports,  by  way  of  Cape  Horn,  of 
117,700  miles. 

Colonel  Totten,  in  his  report  of  1836,  on 
tho  progress  of  the  Panama  railroad,  has  a 
condensed  table,  in  which  he  states  that 
after  deducting  the  British  trade  with  Aus- 
tralia, the  aggregate  tonnage  which  doubled 
Cape  Horn  to  and  from  the  Pacific  ports  was 

In  tons 2,679,600 

There  had  been  an  tictual  increase  for 
the  tea  previous  years  of  1 15  per  cent. 
Ertimuling  ii  iik*.*  iticream*  siu<M^  18i>5, 
wc  have  uu  increase  in  additiou  U>  the 
above  for  the  eight  year^  from  1855  to 
1862incluaiTeof *,,.      2,465,166 

Or  a  total  tonnage  of, ,..«.*      6^144,752 

The  voyage  of  a  ship  of  1,200  tons,  ofF 
Saudy  Hook,  with  a  complete  outfit,  vis.  8an 
Francisco,  via  Cape  Horn,  coats  ?12,00U, 
including  runsiiug  expenses  for  145  daye^  or 

Per  day $82  75 

In  ihis  amount  is  inclndLKl  the  iostirance  of 
13  per  cent  on  value  of  ship,  averaged  at 
$1 00 ,000.  1  n  consequG  net;  of  cheape  tied 
insurance  because  of  au  avoidance  of  the 
Cajie  voyage,  the  expense  |)er  diiy  by  the 
Iithmus  route  will  be  reduced  to 64  70 


0?  a  sftVTug  per  day  of - ,    f  18  05 

Tbe  total  cost  of  a  voyage  of  145  days  is. .    $12,000 
Wthat  of  aOdaysby  caniiL..,,, 3,882 

Total  saving,,, $8,118 

The  cost  per  tou  on  a  vessel  of  the  above 

burthett,  via  Cajie  Horn,  will  be. . ., ..,  $10  00 
Go^  via  Ship  Canal _.,, 8  28 

Savmg  of  cont  per  ton * « , , «      $6  77 

Taking  the  statistics  based  on  the  report 
of  our  foreign  commerce  of  1 B5B,  we  had  a 
total  tonn»ge  estimated  fur  1864  of  5,000,000 
tons.  The  total  saving  on  this  amount  at 
«6.77  per  ton  is  gSa,85U,0U0.  If  the  saving 
on  insurance  on  cargo  as  well  as  vessel  be 
estimated,  the  saving  to  commerce  would  be 
about  the  same  as  that  shown  by  31  r.  Kclty. 

Conclusion. — It  h  evident,  therefore, 
from  statistics,  that  with  the  rapid  develop- 
ment of  the  trade  to  and  from  our  Western 
coast,  as  well  as  to  other  ports  on  the  Chi- 
tiese  and  Japan  seas  and  the  Pacific  ocean, 
the  time  has  fully  arrived  for  the  construe* 
tion  of  this  long-mooted  Ship  Canal  through 
the  Isthmus  of  Panama ;  that  its  construc- 
tion cannot  fail  to  be  profitable  to  them  who 
construct  it,  and  stIU  more  profitable  and 
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ieueficent,  directly  to  the  cfunmercial  world, 
and  indirectly  to  the  whole  people  who  pro- 
duce the  articles  of  that  commerce  and  to 
those  who  consume  them.  And,  further, 
unless  this  canal  he  now  speedily  opened, 
the  rich  trade  of  the  Asiatic  coast  will  soon 
be  largely  concentrated,  either  by  the  Sue« 
canal  m  European  hand^s^  or  diverted  to  the 
cities  of  the  Pacific  slope,  to  the  great  loss 
of  our  Atl&ntic  coast. 

Mr.  Sweet,  the  principal  assistant  in  the 
survey,  the  results  of  which  are  here  given, 
has  been  long  conneeled  with  the  public 
works  of  New  York.  He  is  a  man  of  great 
pnietieal  experience,  skill,  and  tiuquestioned 
integrity,  well  and  favorably  known  to  the 
profession  in  this  State,  These  pioneer  sur- 
veys were  partly,  and  the  estimates  of  work 
and  cost  were  wholly  made  by  him ;  and 
since  the  death  of  McDougall,  the  chief  en- 
gineer, no  man  could  be  found  better  adapted 
to  conduct  and  j^uperiutend  this  great  work 
to  an  economical  and  succe^gful  termination 
than  this  pioneer  in  the  original  survey* 


SCREW  V&  PADDLE  SHIPS 

Eztr&ot  from  »  paper  dtieita^itijp  the  typos  of  itoAin- 
fhipd,  by  NormaD  W.  Whe«Ier. 

The  extreme  depression  of  late  years  en- 
dured by  the  European  steam  navigation  in- 
terest  has  produced  the  natural  rei^nlts  of 
rendering  prominent,  and  of  bringing  into 
somewhat  extended  use,  hctter  and  more 
economical  types  of  ships  and  marine  steam 
machinery.  The  practical  snccess  attend- 
ing the  efforts  of  Messrs.  Randolph,  Elder 
&  Co,,  and  others,  in  introducing  economi- 
cal principles  into  steamship  practice,  may 
properly  be  taken  aa  good  warrant  for  the 
adoption  here  of  the  same  principles.  It 
affords  the  writer  much  pleasure  to  know 
that  able  European  engineers  have  inde- 
pendently worked  out  and  made  successful 
general  plans  which  he  has  persistently  ad- 
vocated for  more  than  twelve  year^,  and  in 
one  instjinee  reduced  to  successful  practice. 

Many  European  steamship  companies 
have  aitered,  or  are  now  altering,  such  of 
their  old  paddle-ships  as  are  deemed  worth  | 
tho  conversion,  to  accord  with  modern 
©eonomical  systems,  and  tl»e  more  promi- 
Dunt  and  enterprising  companies  have  utter- 
ly discarded  the  old  and  expensive  practice 
comprising  non-expansion,  salt  feed  water, 
alow  pi.Hton  speed,  and  very  narrow,  deep 
nhtps.  A  few  instances  are  noted  below 
oontrasting  the  performance  of  steamers  un- 


der the  old  system  with  that  of  the  t 
like    ships    under    the    new.    the 
being  that  of  the  French  Soeietj  of  ^ 
neers. 

The  French  dtcamer  Enrope.  %W  I 
and  900  nominal  horse  power,  conjiinirfj 
average   of  1,158   tons  of  coal   Dcr  tn 
Atlantic  voyage,  the  mean  spe^d  bdigl 
75  miles  per  hour.     The  St.  Laorietiij 
hull  and  boilers  identical  with  tho«e  tt\ 
Europe,  consumed  1045   tons  of  eoal 
trans-Atlantic   voyage,    the   average 
being  11.9  miles  per  hour.     The  eng* 
the  two  ships,  considered  by  themsetra^i 
practically  equal  to  each  other  in  ' 
and  the  difference  in  performance  la  ( 
due  to  the  substitution  of  the  screw  ftirl 
paddle-wheel  as   an    instrument  of 
3 ion.     The    chief  gain    in    this   cmo 
freight  capacity;;  hut   the  paseagesi  aid  ! 
duced  by  about  seven   hours,  and  U3  \ 
of  coal  are  saved. 

These  results  decided  the  propneti 
the   line    to,  convert    the    paddlo 
Washington  into  a  twin  screw  steamer,! 
improved  engines,  but   withoQt 
hull  or  boilers.     With   the  former  cTiirH 
and  paddle-wheels,  the  consumption  - 
96  tuna  per  day,  and  the  speed  10  u-^      ^  • 
hour.     She  now  consumes  83  tomi  per  4ij 
and  averages  11.8  miles  per  hour. 

The  commercial  gain  by  the  eon vcr^on  it 
two  days  time  in  a  trans* Atlantic  vuy^i, 
335  tons  of  coal  per  passage,  and  an  t*^ 
crease  of  freight  capacity  equal  to  ' 
saved.  If  she  were  driven  at  her 
speed  by  the  old  engines  and  vh<^ii,  Li^ 
consumption  would  be  157  tone  por  dij.  If 
she  were  driven  at  her  old  ap^ed  by  thfi  mw 
machinery  the  consumption  wonld  he  5V 
tons  per  day,  making  a  difference  of  46taAi 
per  day  in  one  case,  and  61  tooi  ia  t^ 
other. 

The  Napoleon  III  averages  10.58  vSk§ 
per  hour,  and  consumes  115  tons  pisrd^* 
Messrs,  Randolph,  Elder  &  Co.,  havf  «»»* 
tracted  to  convert  the  ships  into  a  WB 
screw  steamer,  with  their  »f  *|«afli 

machinery,  guaranteeing  a  l:2Biiki 

per  hour  with  a  daily  conf:iUtnptti>a  of  7^ 
tons.  To  drive  this  ship  at  the  DfOiBM 
speed  with  the  old  machinery  would  reqaa* 
167  tons  of  coal  per  day,  anvi  to  Iriic  btf 
at  the  old  speed  by  the  new  m  " 

require  but  48  tons;  a  diffcreu  ^ 

in  one  ease  and  67  tons  in  the  other.  *  * 

The  steam  yacht  Octavia,  the  property  "f 
Mr.  T.  W.  Kennard,  is  believed  to  be  tk» 
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.  economical  ship  extant,  and  the  earli- 1 
■I  example  of  compound  engines  connected  i 
Erectly  to  the  screw  shaft.  The  hull  and 
mginea  were  designed  by  the  writer,  some 
d  the  leading  features  having  been  dictated 
^  Mr.  Kennard.  The  Octavia  is  a  wooden, 
■agle  screw  steamer  of  425  tons  displace- 
ment at  mean  draft,  fitted  with  one  pair  of 
Wolff  cricket  engines,  with  steam  jackets, 
bar  to  eight  fold  expansion,  surface  con- 
ienser,  and  flue  and  return  tubular  boilers. 
rke  engines  develop  250  indicated  horse- 
power, with  the  consumption  of  300  lb.  of 
Bihrmeite  coal  per  hour;  the  efficiency 
being  one  horse-power  per  hour  per  1.2  lb. 
NnL  With  the  above  indicated  develop- 
■ent  of  power  and  consumption  of  coal,  she 
rnna  Inll  11  miles  per  hour  in  calm  weather, 
H  has  been  proved  by  repeated  trials.  In 
I  winter  cruise  lasting  23  days  (steaming 
iae),  with  the  wind  varying  from  a  full 
gale  to  a  strong  breesc,  always  in  such  di- 
rections that  no  sail  could  be  carried,  her 
ivenge  run  per  day  was  200  miles,  and  the 
laily  consumption  four  tons  of  anthracite. 
She  is,  liowever,  capable  of  a  much  better 
performance.  Dunng  the  whole  of  the 
vniae  the  steam  jackets  were  not  used,  but 
lUowod  to  remain  full  of  water,  through  a 
■lisapprehension  of  the  engineers  relating 
to  steam  traps. 
It  will  be  fair  to  assume  that  with  the 

Kwer  required  for  a  calm  weather  speed  of 
miles,  her  mean  sea  speed  will  be  9  miles 
per  hour. 

It  is  well  known  that  for  similar  ships  of 
different  tonnage,  the  power  required  to 
propel  them  at  given  speeds,  below  the 
wave  speed  of  the  shortest  ship,  varies  as 
the  squares  of  the  cube  roots  of  the  ton- 
sages,  and  that  for  different  speeds  of  the 
same  ship,  below  the  wave  speed,  the  power 
required  varies  as  the  cubes  of  the  speeds. 
These  principles  enable  us  to  compare  the 
Oct«via*s  performance  with  that  of  large 
commercial  steamships.  Let  us  assume  a 
ihip  of  5,000  tons  displacement,  having  the 
eharacteristics  of  the  Octavia,  and  compare 
the  probable  performance  with  that  of  the 
Pacific  Mail  »S.  S.  Great  Republic. 

The  last  named  ship  sailed  from  San 
Francisco  September  3d,  1867,  and  arrived 
It  Hong  Kouff  October  5th,  the  distance 
nn  being  6,623  miles  by  observations,  the 
rsnning  time  691  hours,  and  the  consump- 
tion 1,373  tons  of  coal,  making  the  mean 
ipeed  9.586  miles  per  hour,  and  the  con- 
nmption  4,451  lb.  in  the  same  time.     For 


a  similar  speed  of  0.586  miles  per  hour,  the 
5,000  ton  ship  will  require  only  1,848  lb.  of 
coal  per  hour,  which  is  a  trifle  more  than 
0.4  the  consumption  of  the  Great  Bepublio 
for  an  equal  speed. 

Were  the  Great  Republic  as  economical  a 
ship  as  the  Octavia,  she  would  make  the 
trans-Pacific  voyage  in  the  same  time  as 
now,  and  consume  but  824  tons  of  coal,  sav- 
ing 549  tons,  and  adding  so  much  to  freight 
capacity.  If  the  engine  power  of  the  5,000 
ton  ship  were  so  much  increased  as  to  make 
the  consumption  per  hour  equal  to  that  of 
the  Great  Republic,  the  speed  would  be 
12.9  miles  per  hour,  the  voyage  be  perform- 
ed in  531^  hours,  saving  177j^  hours  time 
and  352  tons  of  coal,  adding  so  much  to 
freight  capacity.  If  the  engine  power  were 
further  increased  so  that  the  consumption 
per  mile  would  equal  that  of  the  Great  Re- 
public, the  speed  would  be  15.38  miles  per 
hour,  the  consumption  for  the  same  time 
7,143  lb.,  and  the  voyage  made  in  431  hours, 
saving  260  hours  time. 


LOCOMOTIVES  FOR  LONG  RUN& 

Compiled  from  **  The  Engineer." 

Express  trains  between  important  centers 
must  be  *'  through "  trains  in  order  that 
they  may  be  worked  with  the  greatest  econ- 
omy at  the  highest  speed.  This  condition 
is  not  invariably  easy  of  fulfilment;  and 
until  the  invention  of  the  water  trough  and 
scoop,  by  Mr.  Ranisbottom,  they  probably 
could  not  have  been  fulfilled  at  all.  At  this 
time  it  is  certain  that  the  advant-ages  to  be 
derived  from  long,  continuous  runs  are  not 
fully  realized  ;  and  it  is  more  than  probable 
that  important  changes  in  the  method  of 
working  express  traffic  will  be  introduced 
before  many  years  have  elapsed.  The  Lon- 
don and  North- Western  Railway  Company 
were  among  the  first  to  perceive  the  advan- 
tages to  be  gained  by  traversing  distances  of 
seventy  or  eighty  miles  without  a  stop,  and 
Mr.  Ramsbottom  placed  at  the  disposal  of 
his  directors  the  means  of  traversing  even 
greater  distances  without  interruption. 

The  full  advantage  of  the  water  trough 
system  was  not  taken,  however,  until  the 
completion  of  the  great  Runcorn  bridge; 
and  the  novel  announcement  that  Liveqtool 
is  to  be  placed  within  four  hours  of  London 
by  express  train  was  reserved  for  1809. 
Liverpool  is  in  round  numbers  200  miles 
from  London,  vid  Runcorn,  and  in  order 
that  it  may  be  reached  at  4  p.m.  by  a  train 
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ler  the  conditions,  and  it  is  by  no 
iprobablc  that  on  long  runs,  during 

0  water  can  find  its  way  to  the 
,  more  trouble  may  be  caused  by 
im  than  it  is  worth — trouble  which 
ot  be  encountered  at  all  if  the  runs 
>rt.  All  the  working  parts  should 
ger  than  usual,  and  rubbing  surfaces 
ave  much  larger  dimensions  than  are 
ly  given  to  them. 

considering  this  portion  of  the 
t  may  be  worth  while  to  illustrate 
pact  form  the  work  which  the  Liver- 
press  engines  must  execute.  The 
wheeb  being  7  ft.  in  diameter  will 
iO  revolutions  per  mile,  or  48,000 
>ns  in  running  from  London  to 
>1.  When  traveling  at  fifty  miles 
,  7  ft.  wheels  will  make  200  revolu- 
minute.  It  will  require  good  fitting 
ication  to  enable  a  couple  of  shafts 
in  four  bearings,  each  sustaining 
3,  to  make  48,000  revolutions  with- 
ing  for  a  moment,  at  the  rate  of  200 
ite,  without  heating  or  cutting  du- 
four  hours  which  must  elapse  before 
Q  receive  any  proper  inspection  or 
1 ;  and  the  same  holds  good  of  the 
i  of  the  connecting  rods,  the  ecccn- 

1  straps,  etc.  Each  piston  will  pass 
a  distance  of  192,000  feet,  or  near- 
diles,  in  the  course  of  the  trip,  and 
ents  of  each  stuffing  box  will  be  at 

of  the  journey  as  though  a  rod  of 
I  miles  long  had  been  drawn  through 
ite  of  800  feet  per  minute.  We  say 
of  the  concussive  strains  due  to  the 
It  will  be  seen  that  the  conditions 
rer,  however,  than  those  under  which 
ives  constantly  work  with  great 
save  in  one  important  respect, 
engines  stop  to  take  in  water,  an  op- 
y  is  afforded  for  at  least  a  cursory 
ktion,  which  an  experienced  driver  is 
to  avail  himself  of;  and  it  is  possi- 
ttend  to  a  hot  bearing  or  to  fill  up  an 
ed  lubricator.  But  the  continuous 
1  of  nearly  the  maximum  power  of  a 
eomotive  for  a  period  of  four  hours 
dition  which  has  never  yet  obtained 
lar  railway  practice.  We  have  no 
rhatever  that  the  difficulties  which 
86  will  be  easily  overcome ;  but  we 
highly  probable  that  it  will  be  found 
nt  to  design  locomotives  for  this  kind 
ce  which  will  differ  in  not  a  few  re- 
rom  those  types  of  express  engines 
;arded  as  the  best  possible. 


EXPERIMENTS  WITH  THE  RODMAN  GUN 
IN  ENGLAND. 

The  15-inch  Rodman  Gun,  which  some 
time  since  gave  the  British  authorities  a  new 
idea  of  American  ordnance,  has  again  been 
fired — ata20-in.  target — ^with  rather  destruc- 
tive effects  upon  the  armor.  The  result  is 
considered  highly  satisfactory  as  establish- 
ing the  superiority  of  English  shot !  The 
'^Mechanic's  Magazine*'  gives  the  following 
account  of  the  trial : 

The  gun  was  laid  against  the  Plymouth 
casemate  at  200  yards  range.  The  powder 
charge  was  88^  lb.  of  large  grain  powder, 
and  the  three  shots  fired  weighed  457  lb., 
451  lb.,  and  450  lb.  respectively.  The  new 
shot  are  spherical,  and  are  made  from  a 
mixture  of  cast  and  refined  iron  at  the  Wool- 
wich Laboratory,  upon  the  method  patented 
by  Dr.  D.  S.  Price,  the  original  material 
having  been  first  proposed  by  him  to  the 
Iron  Plate  Committee  of  1862,  both  for  pro- 
jectiles and  guns.  The  three  rounds  fired 
were  highly  interesting,  as  proving  that 
round  shot  for  large  smooth-bore  guns  can  be 
made  in  England  of  superior  quality  to  the 
American  shot.  They,  moreover,  possess 
this  advantage,  that  whilst  the  American 
shot  are  all  turned  true  by  machinery,  these 
shots  are  cast  in  moulds  with  such  exacti- 
tude as  to  be  ready  for  use  without  any  such 
subsequent  mechanical  operation.  The  three 
Price's  shots  fired  on  the  present  occasion 
were  true  to  the  l-300th  of  an  inch,  and 
passed  through  the  gauging  rings  both  ways 
with  exactitude. 

The  first  round  with  the  457  lb.  shot 
struck  the  20-inch  thick  portion  of  the  Ply- 
mouth casemate,  making  an  indent  15^  in. 
across,  and  5  in.  deep,  the  indent,  being 
saucftr-shaped,  with  very  steep  rounded  sides 
9  in.  below  the  indent  was  a  curved  crack, 
2  ft.  4  in.  in  length  ;  and,  above  it,  a  crack 
extended  diagonally  9  in.  to  an  empty  bolt- 
hole,  and  thence  beyond  to  the  upper  proper 
left  comer  of  the  lower  portion  of  the  plate. 
From  the  above  bolt-hole,  another  crack  ran 
off  at  right  angles  to  the  first.  A  large  trian- 
gular piece  of  the  covering  plate,  measur- 
ing 3  ft.  8  in.  by  11  in.  by  16  in.,  was  carried 
away.  The  head  of  a  3-in.  through  bolt  was 
also  broken  off,  whilst  behind  the  plate  the 
5-in.  face  plate  of  the  proper  15-in.  thick 
structure  of  the  casemate  was  indented  and 
buckled.  At  the  rear  of  the  casemate,  the 
[vertical  buttress  on  the  left  proper  of  the 
port  was  bent ;  another  vertical  buttress  2  ft. 
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Vol.  T.— No.  6.-38. 


— ^ThiH  extensive  entablishmcint  Is  one  of  the 
oldest  in  Grent  firitain  for  the  manufacture  of  gas, 
locoraotive  and  other  tubes.  The  concern  dates 
hack,  iodecd,  to  lSt6 ;  and  RuaaelUs  first  tuhe  patent 
was*  taken  out  In  1R24.  A  portion  of  the  worka 
ti  occnpied  in  the  maouf act  tire  of  taper  tubci,  for 
telegraph  po*t»  io  India.  It  has  Imen  found  im- 
practicable to  use  wood,  iS  the  itiiiecta  destroy  it 
mp[dlv.  Br  meanjt  of  novel  and  tngenioua  mnchin- 
eiy,  the  Uper  tobei  can  he  tumed  out  m  readily  aa 
If  they  weie  of  uniform  diameter,  A  largie  quan- 
tity of  Bmall  tnbing  h  manufactured  for  bedstead 
stnfT  and  is  connuined  in  the  neighboring  district. 
These  tultes  are  cut  into  len^jths,  and  are  polished 
by  being  placed  in  a  rotating  cylinder  for  a  length 
of  time.  The  pieces  of  strip  to  be  made  into  tubea 
are  flr?t  subjectt'd  to  Iho  action  of  a  bending  ma- 
chine (A  crocodile,  its  it  Is  not  inaptly  termed) «  and 
in  this  vay  they  arc  roughly  shaped.  They  are  then 
put  Into  a  Siemens  heating  furnace^  and  when  & 
welding  temperature  has  b^n  obtained,  the  iron  li 
di-aim  through  the  projicr  molding  apparatus,  and 
be«ome9  a  perfectly  welded  lube.  The  hot  tnbc« 
are  next  parsed  imdef  huge  slaba,  and  are  speedily 
straightened.  Jn  this  department  there  are  seven 
Siemens  fumao^H  in  oijeruilfin. 

The  boilers  in  tlicfle  works  are  constructed  en- 
Ur«ly  of  tubes,  secured  toj^thcr  by  a  junction  that 
allows  of  the  removal  of  single  tubes  in  a  must  ex- 
peditions manner.  The  water  is  forced  through  the 
system  of  tubes,  and  la  thus  made  to  pass  over  the 
fire  20  times.  The  whole  arrangement  is  cased  In  a 
plate^iron  chamber.  It  is. impossible  that  any  serious 
accident  can  happven  f^om  explosion  with  this  mul- 
tituhnkr  boiler  I  for  if  a  tube  burst  it  is  a  matter  of 
only  tritiing  inconvenience,  and  the  defect  can  be 
remedied  lu  an  hour.  The  boiler  will  evaporate  G 
to  9  lb.  of  water  with  1  lb.  of  small  coal.  This  class 
of  boiler  only  requires  to  bo  more  generally  known 
to  be  more  extensively  adopted,  especially  in  con- 
fined situations^  where' an  explosion  would  prodnc© 
the  most  di^jtstrous  eflfects. 

Another  department  of  the  works  Is  devoted  to 
the  nukunf^cture  of  spiral  coils  for  tuyeres,  kc.,  and 
of  connections  of  various  kinds.  A  considerable 
area  is  occupied  with  furnaces  for  the  manufacture 
of  tap  welded  locomotive  tubes,  which  is  a  branch  of 
the  trjide  specially  developed  by  this  Arm.  There 
is  nothing  fkccullar  in  the  manipulation  of  these- 
l>ipe«,  thtiugh,  of  courfit\  more  care  is  required  in 
the  manufacture,  and  a  higher  quality  of  atrip  is  re- 
quired. The  pijjca,  when  made,  are  all  teste^l  by 
steam  and  hydraulic  pressinre.  The  foundry  dejiart- 
ment  includes  the  m^inufacCure  of  all  kinds  of  brass- 
cocks,  taps  and  fittings  required  in  connect  ion  wltbt 
tubes.  The  screwiog  shops  are  necesaarily  very  ex- 
tensive, and  here  the  latest  improvements  have'liepii> 
introduced  for  performing  the  op<?r;^tionfi  in  the  most 
en»cditious  and  economical  manner.  The  double 
screw-machines  are  patented  by  the  manager,  and 
are  a  great  advance  upon  the  meth^ids  usually 
adopted.  In  connection  with  the  welding  of  boileV 
tubes  we  ought  to  mention  a  double  furnace  that  ia 
in  successful  operation,  the  grate  Wing  so  arranged 
that  twf>  twis  of  tubes  can  be  heated  and  worked  at 
the  same  time  from  the  opposite  ends  of  the  fur- 
nace. The  hmgeit  tubt^  made  in  theao  works  k  M 
ft.  1  in.t  the  largest  is  15  in.  In  diameter  Tha 
larger  sIeci  of  tubes  are  in  some  crises  used  for  cu- 
rios pitrpuMi,  one  application  being  for  ordinary 
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«oe.  an  iron-maiiter,  who  is  not  yet  familiar  with  it 
Aoold  f«>lk»w  strictly  the  directiuns  of  the  inventor. 
Dke  of  the  great  difficulties  with  which  this  im- 
■ofement  has  had  to  contend  has  been  the  itching 
tnire  of  American  mutallurgists  to  vary  it  btfort 
ttff  had  tried  it.  Many  are  afraid  that  the  cinder 
wiU  not  run  through  a  hole  so  small  as  the  drawings 
prescribe  ;  and  they  at  once  increase  the  bore  of 
Ab  cinder  discharge,  thereby  materially  lesHi>niug 
Ab  advantages  which  it  secures,  by  nccesssitatinga 
Mriodical  stoppage  of  the  blast.  One  inch  and  a 
■df  at  the  narrowest  part  is  largo  enough  diameter 
wf  cinder-discharge  for  the  largest  anthracite  fiir- 
■■oe.  If  these  dimensions  are  excci'ded.  the  bla«t 
■ooo  followM  the  cinder  with  such  force,  tliat  it  must 
W  timed  off  or  slackened  to  allow  the  opening  to 
W  closed.  We  do  not  insist  upon  a  continuous  dis- 
charge of  cinder,  though  Lnimann  himself  has 
ttbtaioed  in  this  way  the  best  results  ;  but  we  think 
both  fUmem  and  prudence  should  lead  our  furnace 
men  to  adhere  to  the  proportions  and  constructions 
he  i^ropnaes,  nntil  they  liave  used  them  long  enough 
to  be  certain  they  can  better  Uicm.-'Jimerican 
Jcmruai  of  Mining. 

MAXCTAdTiE  or  Iron  and  Steel — new  Pro- 
ccMBs.— Messrs.  A.  Ponsard  and  F.  E.  Bt»y- 
enval.  of  Paris,  have  patented  a  i)ecu!iar  process 
and  fhmace  for  manufacturing  c«u<t  and  HTought 
faxm  and  steel  whereby  the  costly  blast -fiiniaces 
lutberto  employed  are  diMpensed  with.  The  furnace 
Is  coastnicted  similar  to  a  revcrberatory  fiimace, 
whh  a  double  sloping  hearth  for  the  collection  of 
the  mnlten  metal.  The  hearth  is  heated  either  by 
■a  ordiiMiy  furnace,  or  by  gas.  Upon  each  of  the 
doping  itld^  of  the  hearth  rest  the  lower  ends  of  a 
■amber  of  vertical  fire-clay  tubes  or  crucibles,  with- 
ont  bi>ttoms,  such  tuhcM  entering  at  their  upiH>rends 
m\xfi  holes  in  the  roof  of  the  ftimace,  which  roof  is 
■overed  by  a  cast -iron  plate,  forming  a  platfonn, 
nd  being  provided  with  moveable  lids  wliich  fit 
over  the  mouths  of  the  different  springs  leading 
down  into  the  tubes.  The  ore,  fluxes,  and  fuel  are 
fed  into  the  several  tuU^s  from  the  platform  ;  the 
flames  circulating  round  the  exteriors  of  the  tubes 
e&ct  the  fiision  of  the  ore  without  coming  into 
cwtact  therewith,  the  small  amount  of  ftiel  c«»ntain- 
cd  inside  the  tub(»s  along  with  the  ore  and  flux,  in 
wder  to  effect  the  deoxidation  of  the  ore  and  the 
carboration  of  the  metal,  should  be  of  the  bt>st 
qoality.  It  will  thus  be  seen  that  two  distinct  kinds 
offteel  are  emplayt>d~the  ordinary  fUel.  for  the 
pnrpoae  rif  fkision,  and  a  superior  fuel,  of  which  i 
only  a  small  proportion  is  requirtnl.  The  molten  i 
east -iron  runs  out  of  the  bott<ims  of  the  vertical 
tabes  and  down  the  sloping  sides  of  the  hearth,  and 
IB  fast  as  the  contents  of  the  tubes  subside  or 
ii'sccnd  frosh  supplies  of  ore,  ftiel,  and  flux  are 
idd?d,  thuH  rendering  the  pnicess  continuf>us.  The 
DMiten  metal  is  run  off  thnuigh  a  tapping  hole  in 
Ihe  side  of  the  fiirnaix',  and  the  slag  is  removed 
IhrriUgh  a  separate  oi>ening  from  time  to  time  As 
necinired. 

In  making  wronght-iron  the  same  apparatus  is 
nnpioT«^.  and  the  wrought -iron  is  r)btaiTii>d  direct 
Tntm  the  ore.  The  ore  employt»d  should  b«»  flrst 
redacM  to  a  metallic  state,  by  sub)i'cting  it  to  an 
rierated  temperature  in  a  fiirnact»  in  contact  with 
the  fUel.  Tlic  ore  thus  reduc4*il  is  intnKlucod  into 
the  vertical  fire-clay  tubes,  and  the  process  con- 
doned aa  for  the  production  of  cast-iron,  taking 


'  care,  howe\-er,  that  no  coal  be  mixed  with  the  ore, 
I  which  would  in  such  case  bi>come  carburated,  the* 
i  result  being  cast-iron  or  steel.  In  making  steel  the 
'  process  is  substantially  the  same  as  fur  cast  or 
I  wrought-iron. — Mining  Journal. 

PRODUCTION  or  LARGE   HOMOGENEOUS   MaSSES   OF 
Wrougut-Iron. — Some  years  since,  the  weld- 
I  ing  of  two  or  more  puddieil  balls  into  one,  under  a 
;  steaun   liammer,  was  practised  in  Wales,  and,  by 
'  this  means,   large  mosses  were  produced,  but  the 
process  was  not  satisfactory',  lxM;ause  the  surfaces  of 
tlie  balls  became  oxidized,  and  good  uniou  could 
not  always  l>e  secured  bi*twt.>en  them  in  consequence. 
Puddled   balls  are  now  welded  in  the  same   way, 
both  at  Consett  Iron  Works,  Durham,  and  on  the 
continent  of  Europe,  but  the  process  is,  in  both 
cases,  open  to  the  objection  we  have  just  pointed 
out.     Kow,  by  welding  the  puddled  balls  together 
in  a  furnacej   according  to  the  invention  of  Mr. 
John  Harris,  of  the  Harefield  Iron  Works,  Middle- 
sex, and  Mr.  Vaughan  Pendred,  of  London,  (Editor 
of  ''the  EngineiT,'')  a  perfect  union   is  secured, 
because  the  iron  at  the  time  of  welding  is  surround- 
ed by  a  deoxidizing  or  neutral  flame,  caused  to  be 
present   in  the  forging  hearth   by   regulating  the 
damper.     The  formation  of  scale  is  thus  eft'octually 
prevented  on  the  faces  to  bt?  unitc*d  ;  the  iron  or 
.  steel,  too,  being  niaintainiMl  at  a  high  temiK*raLure, 
I  the  cinder  or  slag  is  kept  fluid  or  lively,  and  may 
I  be  the  better  expelled.     Another  advantage  is  that 
I  the  cost  of  priMlucing  rails,  armour-plates,  etc.,  will 
,  thus  be  much  reduc'd.  becuusii  a  moss  of  homo- 
i  geneous  iron  or  steel  may  be  made  at  once  of  suf- 
ficient size  to  form  a  rail,  armour-plate,  or  shaft, 
and  the  process  of  reheating,  cutting,  and  piling, 
may,  therefore,  Ik*  dispi'nse<i  with. 

The  machinery  for  effecting  the  pnxress  is  fully 
illustrated  in  the  ''  Mechanic's  Magazine ''  of  Feb. 
26,  1809.  Two  horizontal  steam  hammers  on  op- 
posite sides  of  a  heating  fiimace,  strike,  through 
suitable  opi^nings,  ui>«»n  the  masses  within  the  fur- 
nace. A  similar  process  for  building  up  great  guns 
was  devised  by  Alonzo  IIitchc«K;k,  an  American 
Engineer,  during  the  late  war,  and  is  illustrated  on 
page  386  of  "Ordnance  and  Armor.'*  Gas  weld- 
ing in  its  various  :ip^ilioations  Is  coiis'dered  by  ex- 
perts to  b(>  one  of  the  most  promising  directions  of 
improvement  in  iron  construction.  The  results  of 
Bertram's  gas  welding  of  boilers  and  girders  is  well 
known. 


Curing  Bad  and  Burned  Steel. — A  locksmith 
of  MuIhou.He,  named  Herrensohniidt,  claims  to 
I  have  discovered  a  mi.xture  which  is  s;ii(l  to  give  to 
the  commonest  steel  the  grain  nnd  the  teui|H;r  of 
the  finest  east  metal,  and.  moreover,  to  have  the 
:  power  of  bringing  back  the  original  <iuality  of  steol 
which  has  Ikh'U  burnt.   The  mixture  is  composed  :  s 
follows:  With  16  litres  «)f  distilleil  water  mix  one 
kilogramme  of  hydrochloric  acid.  10  graninies  i  {' 
'  nitric  ixv'ul  at  ZO  dcg..  21  graninies  of  sulphate  of 
:  /.inc.  and  KK)  graninies  of  tripoli.     In  this  mixture 
is  to  Ik'  jilaced  a  piece  of  Citst  iron  of  the  first  fusion. 
I  weighing  1(K)  grammes;  when  the  :u:id  mixture  has 
'  acted  on  the  iron  for  24  hours,  the  coniiHwition  is 
■  ready  for  us(>  in  the  ordinary  way,  and  it  remains 
-effective  till  it  is  all  used. 

BESSEMER  Stekl  IN  France. — Tlic  production  of 
liessenier  steel  last  year  in  Franc**  was  42,tH)l 
i  tons;  in  this  total  rails  figured  for  25,760  tons. 
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e  added  the  cost  of  a  packing  case  or  thick 
»  bag  for  fadi  pnjectile,  on  acooant  of  the 
ecal  siiids  being  liable  to  injury  if  one  pro-  ! 
is  allowed  to  rest  upon  or  knock  against 
'.  In  the  penetration  of  armour  plates  the 
re  an  obrftmction,  and  the  power  required  to 
iiem  off  is  80  much  deducted  from  the  force 
projectile. 

rem  tf  Bearing  Smrfacet. — ^For  a  9-inch 
nal  projectile,  t^  rifled  surfaces  which  both 
t  and  rotate  the  (^ot  hare  an  area  of  187  in. 
:  sAods  of  a  9-inch  Palliser  projectile  have  a 
ferential  area  of  18  in.  for  supporting  the 
ut  the  area  of  the  sides  of  the  six  rear  studs, 
ch  the  rotary  motion  is  given,  is  only  1-6  in. 
etieal  engineer  would  think  of  providing  so 
k  surface  to  give  even  a  small  amount  of  rota- 
a  bodv  weighing  250  lb.,  much  less  when  the  I 
B  of  the  shot  at  fhe  muzzle  of  the  gun  has 
lEt  the  rate  of  about  2,400  revolutions  per 
(.  The  increasing  pitch  which  bus  been 
d  prevents  the  use  of  more  than  one  stud  in 
roove  for  giving  rotation.  This  varying  curve 
worst  possible  mode  of  impai  ting  rotation, 
h  rear  stud  can  only  bear  against  the  side  of 
ove  of  the  gun  on  a  line  of  its  surface,  on 
t  of  the  ever  varying  curve,  except  by  ex- 
pressure,  which  jams  and  distorts  the  soft 
and  occasions  liability  to  accident.  The 
'  the  amount  of  windage,  the  greater  will  be 
lility  to  accident. 

enirinr  of  the  Shot  in  the  Bore. — In  starting, 
Ijrgonsl  projectile  centres  itself,  so  that  its 
Incides  with  the  axis  of  the  gun,  and  it  is 
ed  through  the  bore  with  a  st«ady  equable 
.  The  studded  projectile  in  starting  does 
»  and  centre  itself  parallel  with  the  axis  of 
«,  but  lies  on  the  bottom  ;  consequently,  the 
nd  unconsumed  powder  pass  over  the  pro- 
causine  excessive  scoring,  and  tending  to 
le  shot  down,  thus  giving  increa.Hcd  pressure 
doter  surfaces  of  the  stu<£,  particularly  those 
Tear,  and  adding  to  the  irregular  and  vibra- 
ciioo  as  it  is  propelled  through  the  bore,  and 
«ter  the  windage,  the  more  unsteady  will  be 
iioo. 

>  Aktillkrt. — ^With  respect  to  field  artil- 
y,  but  few  important  changes  occurred  in  the 
of  last  year.  For  the  most  part  the  systems 
i  have  merely  been  developed  and  carried 
England  alone  has  adopted  a  new  plan  by 
fling  tlie  breech-loading  Armstrongs  for  the 
^-loading  seven,  eight  and  nine-pounders  of 
vorth.  The  smooth-bore  has  been  almost 
ally  abandoned  except  by  America,  which 
•mootb-bore  twelve-pounders,  and  perhaps 
In.  Northern  and  Southern  Germany  have 
ne  system  and  caliber  brecch-looding  four 
K-ptranders.  Belgium  most  closely  rest^m- 
em  in  this  respect.  Revolving  cannon,  mit- 
ws,  and  other  similar  instruments  have  been 
universally  experimented  upon,  with  excel - 
mlts  as  fkr  as  short  and  middle  distances  are 
led.  Great  value  Is  attributed  to  them  in 
fienoe  of  defiles  and  trenches,  but  they  have 
ywhere  adopted  except  in  France,  where  they 
be  used  in  the  field.  With  regard  to  heavy 
T,  the  chief  interest  is  excited  by  the  ques- 
Iron  plating.  After  the  English  experiments 
be  ooDiidered  as  certain  that  the  smooth-bore 


used  in  America,  in  spite  of  any  possible  increase 
of  caliber,  is  inferior  to  the  rifle-bore  in  its  eflect  on 
such  armour.  The  English  experiments  on  plated 
land  fortresses  were  highly  interesting,  as  they  show 
that,  undei  favorable  circumstances,  twelve-puuud- 
ers  are  equal  to  attacking  the  strongest  plating.  At 
present  the  sides  of  ships  covered  with  eight  or 
nine  inch  plates,  like  those  of  the  English  Hercules, 
are  no  protection  against  the  heavy  artillery  now 
on  trial.  While  the  English  tubes  are  formed  of 
wrought  iron,  France  and  Sweden  use  cast  iron,  and 
Prussia,  Russia  and  Belgium,  cast  steel.  As  mate- 
rial for  projectiles  use  is  made  of  cast  steel  and 
hard  cast  iron  prepared  in  England  by  Palliser,  and 
in  Germany  by  Gruson.  ThU  cast  in  Grermany 
most  closely  approaches  cast  steel,  as  the  balls  m:.d3 
of  it  penetrate  the  plating  without  being  broken,  as 
those  of  Palliser  are.  The  chief  advantage  of  hard 
cast  iron  is  its  great  cheapness  when  compared  with 
steel.  An  important  problem  with  respect  to  sieg ) 
trains,  and  those  intended  for  the  defence  of  fortifi- 
cations, is  the  placing  of  the  guns  behind  earth- 
works, so  that  the  men  that  serve  them  may  be 
covered  without  the  range  being  obstructed  or  Au- 
rowed.  The  Prussian  system  is  inferior  to  the  Eng- 
lish one  in  this  respect,  but  Mr.  Moncrief  attains  his 
end  by  means  of  a  complex  mechanical  arrange- 
ment, and  at  a  far  greater  exi>cnse.  The  prismatic 
powder  is  now  much  used  for  heavy  artiller}**.  In 
conclusion,  attention  is  called  to  the  fact  that,  in 
spite  of  all  activity  and  all  endeavors  after  perfec- 
tion, we  are  still  far  from  having  brought  the  mat- 
ter to  a  definite  conclusion.  It  is  true  that  time 
and  circumstance  often  force  us  to  make  a  choice, 
but  we  have  not  yet  attained  a  point  fh>m  which 
the  end  can  be  seen. — KreutZ'Zeitung* 

THE  English  Guns  and  Gun  Factort. — Eng- 
lishmen have  reason  to  be  proud  of  Wool- 
wich as  it  now  is,  grumblingly  as  they  may  pay  the 
bills  which  the  great  national  arsenal  involves. 
There  is  there  that  high  order  of  engineering 
thought,  engrafted  upon  Sir  William  Armstrong's 
best  but  not  always  usefVil  thonghts,  of  which  all 
Engliithmen  may  congratulate  themselves.  There 
is  the  highest  order  of  skill,  perfected  by  the  longer, 
steadier,  more  sober  training,  of  which  we  may 
justly  boast  as  a  nation,  when  compared  with  other 
industrial  nations.  To  see  old  cast  iron  guns  pud- 
dled into  good  bars,  to  see  them  welded  up  to 
lengths  of  from  150  ft.  to  even  270  ft.,  to  sec  these 
heated  in  a  heating  fkimacc  190  ft.  long,  with,  in 
some  cases,  80  ft.  of  the  bar  projecting  beyond  the 
rear  end,  to  see  these  coiled  on  a  coiling  mandril, 
to  see  two  or  even  three  of  these  coils  wound  upon 
each  other,  to  see  these  solidly  welded  into  a  single 
block,  a  block  which,  for  the  new  25  ton  guns, 
weighs,  in  its  rough  state,  upwards  of  25  tons,  all 
this  is  a  sight  to  see.  It  is  wondorAil  to  a  forge- 
man — to  any  worker  in  iron — ^to  see  these  blocks 
brought  out  perfectly  sound,  turned  in  lathes  weigh- 
ing 84  tons,  and  swung  bodily  into  other  lathes, 
formed  for  tuniing  the  trunnions.  It  is  something 
to  see  these  guns  reduced  7  in.  in  diameter  at  a 
single  cut,  something  to  see  their  steel  tubes  bored 
out  of  the  solid,  in  segmental  chips  of  |  in.  feed, 
5^  in.  radius,  something  to  feel  or  to  shrink  fVom 
feeling  the  heat  generated  in  boring,  notwithstand- 
ing the  stream  of  cold  water  so  fircely  admitted;  a 
stream  almost  large  enough  for  the  abundant  sup- 
ply of  many  a  country  village — all  this  is  some- 
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Th(j  aiinbter  ol  Marine,  wlieti  be  »i 
get  next  week,  will  iwrlLip*  funi 
rcai*ei;tiug    bb    d*?iwirtiut^ot. — •if 

BKTAlLa    Of  THE     AVEaiCAJi     NaTT-— -Mf* 
the  Secretary  of  our  L<'ir.Ltu»ti  x:  VTi 


I 


Secretary  of  our  L^'r^tL 
iu  his  report  to  the  foreign  < 
cembcr  lasi^  Alalia  ihat  the  t' 
the  past  year  was  jE3t65tjT0f*«j 
vef»M?lB  of  all  suTts.  being  tiUb* 
shows  )t&  ctiamcter : 


The  rUJo 


*i7  1 


Ko. 


thUig,  but  it  is  much  more  to  kuow.as  we  dokmw,  |  —the  Frietlbnd,  Marengo  ami  Su^reo.  kid 
Ibat  tiie  guri»  ibuii  luade^  cohtly  nUliough  they  may  ,  couplo  of  yenrs  ugi*.  and  tUv  h*    ^ 
be,  are  indispuUbly  the  beti  gLinii  for  linvul  iMMvioc  i  menced,     Tlie  OtL\m  wiil  car 
kiJowu  to  tnduaace eiigiuokjrs  uf  the  prwieutiieiitmy.  ,  MAgeuU,  and  »he  l&  morv  tb 

ci  _• .'-.,  thi»*»  fibe  liflR  lour  fixed  turretH  wn 

central  battery,  each  an»ed  i^itb 

ABM  OUR  vt.  Speed  - — **  As  it  has  proved  impossi- 
ble to  invent  a  plating  ub*t>l\itely  impel  viou.**  to 
giina  of  a  highcalibc«r,  stJiuc  have  lutety  begun  toques- 
Uon  thf  ruliUive  udvunuge^of  ti  dtifeiine,  the  value  of 
which  dt^'pendM  ou  distiuice.  Ueuee  uiany  States 
have  commeiiced  buitdirig  very  switl  vessels  of 
worwl^  which  are  to  be  anued  with  heavy  gtins,  and 
to  carry  14  larger  supply  of  coal  instead  of  armour, 
and  these  may  be  vt-ry  uset'ul  iu  conjunction  with 
the  iron-chids  for  the  pioteeliou  of  the  merchant 
nu^'y,  though  tbey  couujot  siiperce^le  the  latter  in 
the  line  of  biitlte,  or  the  preelection  of  the  cojistfj, 
AuK-rlea  lias  hvtojy  built  the  Waiupauoag,  a  vewscl 
of  greiU  speed,  iiud  England  i»  now  tltting  up  on 
similar  principles  the  Incoie^tant^  a  frigate  lalely 
1  Hunched  at  Pen* broke.  In  order  to  obtain  groat 
speed,  the  chief  ud vantage  pnjposed,  Reed  hiu<  giv- 
en the  frigate  an  exceedingly  light  aiid slender  form. 
Twt  smiUer  veSvHils.  tlie  Volage  and  the  Active^ 
each  of  2, 'VIZ  tons  hurden  and  tjiMl  horsie-powerpure 
DOW  being  built  at  the  docks  of  Btackwall  ou  sinii- 
Ittf  priueipleti.  The  Spartan,  of  li  gunft,  lately 
launehe<I  rtt  Deptfoid^  is  .still  wmaller.  and  its  aupe- 
riopity  lies  In  the  Mtmll  tiuantity  of  coal  cou'^MUied. 
The  Sirius,  a  wmMlon  ctu  vette,  which  is  inteuJed  to 
stipply  the  place  of  those  formerly  In  use  in  hot 
clituittes.  is  a  vc3*»el  of  six  guns^  Ijli^iB  tons  burdon, 
and  350  uoniiual  horse -power,  constructed  by  Reed, 
and  flirnished  with  very  healthy  etibin.s  iind  berths, 
and  exccikm  vcniiliititm.  Even  K  th«.*sc  vesselh 
should  satisfy  all  the  cxpLTtatlons  f»>rrm'd  tjf  ihera, 
they  would  not,  tun  we  have  nlready  Maid*  Hupercdtj 
the  )ron-cliid».  and  Duptij,-^  de  L'^vme  in  Frjince,and 
Coles  and  Reed  in  £tiglund3  rival  cuch  other  in  in- 
genious endeuvtjrt*  to  inTfect  the  construction  of  the 
latter/' — StaaU  Jnt^ igtr* 


Ironclads  . .  * , 

Screw  steamers .  -  - . 
Paddle-wheel  ditto. 
Sail  ing  vej>bels 


Total. 


Si2 
81 


208 


M 
tli 
47T 


\Mfi>i  P*-.i. 


It  will  be  seen  lliat  the  American  iroocl 
average  of  only  two  and  a  quarter  gutt.** 
jHjan  squadron   inciudes  five    vessel* ;  iuK  J%^ 
nints  veMeb;  tlic  North  Atlantic^  »ii         '^ 
South   Atlantic,  five   v^  - '-    •»•' 
fight  veNsehH;  and  the 
The  net  prtx^eed-*  of  tht'  j 
late  w^r  had  lxH.'n  ailjudicated  at 
of  £3,161,720.     The  list  of  the 
great  absenoe  of  the  omfi mental 
one  admiral;  oue  v  ice -at  I  mind  ♦  it: 

admirals*.     There  are  :*''       -^ 

11    profestfttira  of  mat  I 

tors*  6  H*Mbtant-con.^triii.  1  .  ,  ~ 

Mr.  Ford  »Laie«  that  the  t5*M:r%r 


RE,^ioNATiOH    Of    M,    BrriTT    i>«    L6mb  —  TllK 
FaKNCH    Navy, — In   the  Freueh  naval  world 
the  new»  of  the  day  is  the  reaigrmtioii  of  the  Chii^f 

Constructor  of  theFleel,  M.  Dupuy  de  L6me,  who  j  calls  attention  to  (he  fact  that  in 
haiS  thro^iTi  up  hiii  office  and  gone  to  canvass  a  aea-  y;irds  of  the  Uuit*.'d  States  is  ther 
board  eonstituouey.  It  i.s  pre^^umed  thiit  ho  could  gle  dry  dt»ck,  and  that  there  areh 
not  get  ou  with  the  present  Fir.nt  Lord,  Rigault  de  "  ^  '*  ■ --'--  i-  • 


Gcnouilly-    Most  ut  the  large  woo<len  screw  vessels 
atui  all  |the  inui-cljubi,  with  the  exception  of  the 
CfUironne  and  a  lew  floating  batteries  built  by  Le-  |  Purlsnioulh,  in  C 
tnoine,  were  coustrncted  by  M.  Ihipuy  de  Lome.  ,  number  of  dry  d 
The  n^Higiirtlion  is  kept  dark,  as  there  is  no  naval 
arehiiecL  to  replace  the  engineer  who  applied  (^tcitm 
ti5  the  navy  when  he  built  the  Xa[»oleon,  and  plates 
to  tYigiites  when  he  built  La  Gloire.     The  sLite  nf 
the  French  flet-t  tor  the  present  year  is  thua  set 
down:  ShIpM,  2;  tVigulcs,  IU;  corvette,*,  9;  coast- 
guardH>  7;    tlo^^ing  Imttericn,  2tV — total,  03   Iron- 
dads      flf  Bcrtnvs  there  are  241,  or  15  ships,  10  fri- 
gitcs,    21    corvettes,    00   avisos,    70   gunboats,    86 

irari*|K»rts  ami  2  specials.     To  this  force  must  be 

tirld**d  ftl   fM»'Mle-whcoli*rs  and  100  SiViling  vessels. 

* '•  '  remark,   th:il  the  two 

^  '  rino,  are  not  so  lurge, 

u  ..  i4>rmidahle  vesst^ls  as  the 

I  reiiresinted  by  the  Ocean, 

v;  ,   "*  sea.     M.  Dupuy  de  Lome 

deaigucd  Ove  vl  thjMs  frigates  before  leaving  office 


country — a  detlciency  which  would 
in  the  event  of  a  nvaritlnie  wap. 
docks  atCheHKm?-*     '  '  t.  ..i... 


Uc  iiddn  tliii  iki 

Mf-*-^       XI. \    ^ 


dijckyards  c<m»hined;  aiul  iiun  wi 
France,  and  other  maritime  |vom. 
their  dry  dock  fiicililie*,  not  I 
lion  is*  being  dune  in  the  Uni 

RAiLWAT  Et>rc.iTio3r  ran  Sotmias  — It  i^  *"* 
proposed,   though   not    for   thr   rir-vl    ttiw,  to 
teach  tlie  soldiers  aC  France  hit^v 
iu  view  of  the  new  and   importais: 
ways  in  wartaro*     Say»  a   Pariju  ^^ufiu^K 
the  '*  Engineer  **:  The'  Mtnifiit<*f   of  War 
Minister  of  Marin 
way  companfcH  tr 

militant'  engineer  .  .i  >.- 

and  ket-piug  in  order  iron 
necesvHary  in  ca^e  of  war,  and 
managiug  of  locoBuotlve^.    Thi; 


..  gfrat  nH^ 
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l»  hare  expressed  tboir  reAdinem  to  do  all  in  their 

rver  to  cany  out  such  measures,  considering  that 
wtNild  be  greatly  to  their  interest  to  liave  a  body 
iTdisctplmed  and  iutcUigeut  men  instructed  in  such 
Arties,  and  from  which  hereafter  they  may  obtain 


Fr&ser.    Of  the  25-ton  11  In.  guns,  a  good  number 
are  already  completed. 

A  New  Rifle,  the  invention  of  Meyhofer,  in  East 
Prussia,  is  said  to  be  capable  of  discharging 


drivvrsj  stokers,  and  other    servants  and  thirty  shots  a  minute,  and  of  killing  at  1800  paces. 


MOTEjiBLE  Harbor  Obstructions. — A  subject 
under  consideration  by  the  French  naval  au- 
tboritieTi,  is  the  defence  of  maritime  ports  without 
obitnicCing  the  way ;  several  plans  have  been  pro- 
poaed  in  the  case  of  Toulon,  but  none  have  been 
considered  satisfactory,  and  a  new  project  is  now 
pat  forward,  which  consists  in  the  establishment  of 
attoating  stockade,  which  can  be  laid  across  the 
f  of  the  port  or  withdrawn  in  a  feir  hours, 
I  which  at  the  same  time  shall  be  sufficiently 
mg  to  withstand  the  full  force  of  a  steam  squad- 
ixa,  mod  thus  guarantee  the  port  from  all  chances 
«f  sadden  attack.  The  problem  is  not  a  very  easy 
cne  to  solve,  cxct*pt  at  a  considerable  cost,  and  we 
sfadl  see  whether  the  military  and  civil  engineers 
vfll  hit  upun  a  solution  of  it. — Cor.  Engineer, 

ITALIAN  Iron-Clads. — From  a  recent  report  of 
the  Italian  Navy  Minister  it  appears  that  during 
the  year  l9»iS  three  iron-clads  were  completed  in 
the  Italian  d<x:kyards.  These  vessels  were  the 
Tenet ia,  a  frigate;  the  Caracciolo,  a  corvette;  and 
the  Aifkvdo  Cappellini,  a  gunboat.  Their  aggre- 
pte  tonnage  was  8,000,  their  steam  power  1,270. 
f'oor  utiier  iron-clads  ivere  in  course  of  construe- 
tluo  at  the  end  (»f  the  year  18B8,  and  the  works 
were  being  pushed  forward  with  great  activity. 
Italy  is  now  building  her  war  vessels  in  her  own 
dockyards,  and  fitting  them  for  sea  without  foreign 
assistance,  except  in  the  case  of  the  guns,  which 
are  of  the  Armstrong  pattern,  and  which  have  ac- 
conlln^y  to  be  obuined  from  England. 

PROOF  or  U.  S.  Guns — Error  Corrected. — In 
the  last  number  of  this  Magazine,  we  copiod 
an  Item  from  the ''Philadelphia  Inquirer "  on  the 
cost  of  heavy  guns,  in  which  it  was  stated  that 
"from  the  spring  of  18G4,  all  15-inch  guns  pro- 
cnied  at  Pittsburgh  were  taken  without  any  powd»T 
proof,  according  to  an  order  from  the  Chief  of  Ord- 
Bancc.''  This  statement,  we  now  learn  officially,  is 
Bot  correct.  Every  15-inch  gim,  and  indeed  every 
can  pnx:ured  by  the  ordnance  d<^partment  at  Pitts- 
oargh  was  subjected  to  the  powdcT  ])roof  before 
being  taken.  And  the  Chief  of  Ordnance  never 
■eeepted  or  authorized  thi;  n.*m<)val  of  any  guns 
I  any  one  of  the  foundries  before  it  was  tired. 


Sort  Armour  Plates. — The  results  obtained  last 
summer  on  the  trials  of  the  "  Millwall  Shield '' 
ind  **  War  Office  Ciisenient,"  as  compared   witli 
the  late  results  against    the    ''Plymouth   Fort'' 
KctiiMi,  seem  to  have  settled  the  question  for  ever 
IS  to  the  relative  advantages  of  sofl  and  hard  iron  i 
plates  for  resisting  shot.     In  the  fonn<T  trials  the 
plates  m-ere  sofl  and  copper -I  ike,  and   there  was  I 
Karoe  a  cane  of  a  crack,  although  the  plates  were  '■ 
kit  much   harder,  while  the  result  up>)!i  the  hard  . 
plates  of  the  Plymouth  Fort  were  fearfully  great,  i 
nen  against  the  twentieth  portion  of  the  target. — 
Jruf  and  Navy  Gazette.  i 

TBB  Fobtt-To»  Gun. — Preparations  are  making  | 
at  tlic  Royal  Gun  factoricb  for  the  manutVicture  | 
of  the  40-ton  gun,  some  time  ago  designed  by  Mr.  { 


RAILWAY  NOTE& 

THE  First  Locomotive. — Pen-y-darran,  Wales, 
is  chiefly  remarkable  for  its  connection  with  the 
first  tramway — for  which  an  act  of  Piu-liament  was 
obtained  in  1803  for  the  first  locomotive  ever  tried, — 
and  with  the  able  inventor,  Trevethick,  who  there 
made  his  first  essay.  The  first  run  of  the  locomo- 
tive occurred  in  February,  1804.  Previously  there 
had  been  a  whisper  in  the  scientific  world  of  the  uses 
of  steam  and  of  its  employment  in  propelling; 
vehicles,  and  abortive  attempts  having  been  fre- 
quent. Samuel  Homfray  by  some  means  was- 
brought  into  connection  with  Trevethick,  and  the- 
result  was  that  this  able  but  ecentric  man  visited 
Merthyr,  and  in  conjunction  with  a  self-taught 
mechanic,  one  Rees  Jones,  whose  homely  portrait 
can  be  seen  in  the  Kensington  Museum,  began  to 
build  his  locomotive.  Building  is  not  an  inappro- 
priate word  in  this  case,  for  the  stack  was  actually 
built  up  of  bricks  the  same  as  an  ordinary  chimney, 
and  the  whole  affair  was  peculiarly  odd.  The  stack: 
was  tall  and  clumsy,  the  body  dwarfed,  perched  on- 
a  high  framework,  so  as  to  approximate  to  the- 
spider  fashion  ;  the  cylinder,  in  addition,  was  up- 
right ;  the  piston  worked  downwards,  and  at  every 
revolution  of  the  wheels  there  was  a  monstrous 
clang  produced  which,  heard  nowadays  with  the 
asthmatic  pufis  of  steam,  would  provoke  the  gra^'est 
mechanician  to  laughter.  When  completed,  Ilom- 
fray  introduced  his  friend  Richard  Crawshay  to  the 
novelty,  doubtless  much  to  that  individual's  amuse - 
I  ment,  certainly  to  his  incredulity  as  to  its  being  fit 
i  for  anything,  for  he  readily  accepted  a  wager  with 
!  Ilomfray  for  £1,000,  maintaining  that  it  would  not 
j  convey  a  load  of  iron  from  Pen-y-darran  to  the 
'  navigation — a  distance  of  nine  miles.  The  eventful 
day  arrived  for  the  trial,  and  never  had  there  been 
so  much  excitement.  The  sturdy  Englishmen  wore 
there,  and  natives  from  every  Welsh  county  lined 
the  road,  and  mounted  every  eminence  that  com- 
manded the  tramway  ;  and  when  Trevethick  jump^ 
ed  on  his  iron  steed,  and  began  slowly  to  move  on- 
wards amidst  clanging  iron  and  puffing  steam,  the 
uproar  was  terrific.  By  the  arrangi'ments  made 
no  one  was  allowed  to  iissist  the  dauntless  Cornii<h- 
man  and  for  a  time  he  did  not  seem  to  want  it. 
Surrounded  by  a  liost,  he  pas.«<ed  down  the  valley, 
making  about  five  miles  per  hour  when  a  sad  mis- 
fortunate  happened, — the  clumsy  stack  came  in 
contact  with  a  bridge  and  was  ruined  !  Trevethick 
stood  for  a  moment  among  his  bricks,  but  only 
a  moment.  Fertile  in  resource,  he  was  soon  steam- 
ing onward  again,  and  not  only  conveyed  his 
load  of  iron  to  the  navigation,  but  a  crowd  of 
exultant  passenp^ers  along  with  it,  who  to  their 
latest  d  ly  prided  themselves  on  their  glorious  ride 
It  was  fortunate  for  Homfray  that  the  wager  was 
a  loose  one.  The  iron  was  taken  down  and  the  bet 
won  ;  but  Trevethick  failed  to  bring  his  empty 
trains  back,  an<l  for  some  time  the  new  invention  as 
a  mode  of  transport  remained  in  abeyance. — Eri' 
gineer. 
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WORKING  EXPENSES  OF  BRITISH  RAILWAYS. 

Mr.  Forbes,  general  manager  of  the  London,  Chatham  and  Dover  railway,  has  furnished  to  tki 
"  Railway  News  "  the  following  very  complete  comparative  statement  of  working  expuues  on  twlicrf 
the  principal  railways  of  the  United  Kingdom,  for  the  half-year  ending  December,  1868. 
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Sk  Association  op  Railway  Engineers. — 
e  yean  ago,  all  the  Grerman  railway  com- 
4XM±d  in  a  kind  of  association  called  *'  die 
rr,  Vtrtanvurg  de9  Vereins  deuischer 
in  Vtrvaltungen,'*  with  the  object  ofbriog- 
•xperienoe  of  their  respective  railways  into 
leir  mutual  benefit.  A  technical  commis- 
abcmt  fifty  members  was  selected  from 
the  most  eminent  men  (torn  the  different 
i  of  a  railway  admin ibtrat ion.  In  1865  a 
o&eetiDg  was  held  at  Dresden,  when  it  was 
that  the  long  period  of  seven  to  eight  years 
<»ch  general  meeting  should  be  shortened 
ears,  and  the  next  general  meeting  was  fix- 
367;  but  on  account  of  the  war  did  not  take 

I  1808— at  Murich.  Of  the  sixty-eight  dif- 
dlways  belonging  to  the  association,  there 
less  than  fiAy  then  represented,  generally 
Irt.'ctor-general  and  the  c|iief  engineer. 
dvantage  of  these  general  meetings  is,  that 
nical  commission  had  brought  together  all 
:rieiice  gained  on  the  respective  railways  up 
resent  day,  and  answered  all  the  questions 
it  the  former  meeting  were  proposed  for 
on.  Of  the  questions  twenty-two  related 
ermaaent  way  department,  twenty-six  to  the 
and  rolling  stock,  and  fifteen  to  the  traffic 
lent.  On  all  these  questions  each  railway 
f  had  given  their  experience,  and  the 
d  commission  had  from  these  facts  made  a 
in  answer  to  each  question  and  published  a 
rlume  with  tables  as  a  *'  referate,''  given  to 
ember.  At  the  general  meeting  each  ques- 
n  read,  as  well  as  the  resume  in  answer  to  it, 
lo  objections  were  made  by  any  of  the  mem- 
was  passed,  as  decided  upon  by  the  geu- 
uting. 

he  meeting  at  Dresden  again  there  were 
different  sections  to  discuss  the  different 
OS  where  members  of  each  of  these  branches 
nore  thoroughly  discuss  the  matter  without 
isarily  occupying  their  fellow-workmen's 
i  was  the  case,  when  all  the  questions  were 
together.  It  is  only  just  to  the  technical 
sion  to  acknowledge  the  great  accuracy,  care, 

II  by   which  all   the  questions  have  been 
Indeed,  we  are  told  that  the  commission 

I  thirty  meetings  to  investigate  all  the  state- 
from  the  railways,  and  draw  from  them  a 


'bogress  or  THE  Narrow  Gauge  in  Great 
ITAIN. — The  Great  Western  Railway  has 
played  a  prominent  part  in  the  annals  of  Bri- 
Iways.  Its  career  in  connection  with  the 
;aage  is  one  of  considerable  importance,  and 
{gles  with  powerful  competitors  in  the  in- 
€  the  narrow  gauge  will  not  soon  be  forgot- 
t  stretches  its  giant  arms  to  Exeter  and  South 
in  one  direction,  and  to  Birmingham  and 
lol  in  another  ;  and  in  spite  of  every  ol>stacle, 
es  the  Loudon  and  North  Western  hard,  as 
atest  British  railway.  But  at  a  time  when 
ittanied  an  importance  of  which  its  early 
BTS  never  dreamt,  oven  in  their  most  sanguine 
the  Great  Western  api>ears  to  be  abandon - 
Srst  love,  and  to  be  grsldually  likening  itself 
r  British  railways  by  reducing  its  gauge  to 
Hk  generally  adopted.  The  whole  of  what 
VD  as  the  northern  division  of  the  Great 
B  has  now  become  narrow  gauge  ;  and,  al- 


though the  broad  gauge  still  stretches  westward  as 
far  as  Exeter  and  Truro,  it  is  probably  doomed  for 
good  and  all,  and  wiU  disappear  altogether  as  years 
roll  on.  It  is  with  railways  as  with  individuals — a 
policy  of  eccentricity  and  isolation  does  not  pay, 
and  the  railway  which  cannot  send  its  trucks  all 
over  the  empire,  if  need  be,  is  sure  to  command 
but  a  feeble  traffic  ;  and  to  yield  meagre  dividends. 
— London  Colliery  Guardian. 

BRITISH  AND  Prussian  Railway  Statistics 
Compared. — The  Utaats  Anxeiger  contains  a 
comparison  of  the  railway  traffic  of  Great  Britain 
and  that  of  all  the  provinces  of  Prussia  for  the 
year  1867.  according  to  which  there  was  one  Prus- 
sian mile  of  railway  to  every  1.9  Prussian  square 
mile  in  Great.  Britain,  and  for  every  5.8  sq.  miles 
in  Prussia.  The  capital  invested  averaged  1,100,- 
198  thalers  per  Prussian  mile  in  the  United  King- 
dom, and  649,976  thalers  in  Prussia.  In  the 
former  State  2.8  locomotives  and  90.16  carriages, 
and  in  the  latter  2.4  locomotives  and  122.6  car- 
riages were  employed  for  every  mile  of  rail.  In 
Great  Britain  17.838  trains  run  daily;  in  Prussia 
only  6,686,  but  the  distances  traversed  by  the  lat- 
ter were  far  greater.  In  Great  Britain  287,807,- 
904,  and  in  Prussia  88,766,866  persons  were  con- 
veyed. In  the  former  State  the  expenses  amounted 
to  43,001  thalers,  and  the  receipts  to  86,480  thlrs., 
and  in  the  latter  to  48,091  and  78,818  thalers  per 
mile.  The  expenses  are  as  follows :  In  the  United 
Kingdom,  for  management  of  the  line,  19  per  cent 
transport  62.  general  management  18.3;  in  Prus- 
sia they  were  82.6,  61.4  and  6  per  cent.  The  paid 
up  capital  averaged  in  Great  Britain  8.91,  and  in 
the  Prussian  private  lines  6.98  per  cent. 

THE  PACiric  Railway.— Mr.  Dllke,  in  "  Great 
Britain,"  says:  The  discovery  that  it  was 
practicable  to  carry  a  railway  over  the  Rocky 
Mountains,  within  American  territory,  fell  almost 
as  heavy  on  the  hopes  of  the  Canadians  as  the  dis- 
covery of  the  route  by  the  Indies  to  the  Cape 
lighted  on  the  old  prosperity  of  Venice.  Of  all 
the  marvels  of  American  energy,  of  all  the  tri- 
umphs of  rough  and  ready  engineering,  the  Pacific 
Railway  is  perhaps  the  most  marvellous  and  most 
triumphant.  They  say  the  rails  can  be  laid  at  the 
rate  of  nine  yards  in  fifteen  seconds,  and  the  work- 
men have  to  cross  their  hands  while  the  800  or  400 
tons  of  iron  are  brought  up  day  by  day  to  the 
front.  The  works  are  carried  on  in  an  enemy's 
country,  and  the  advanced  carriages  of  the  con- 
struction train  are  well  supplied  with  rifies  hung 
from  the  roof. 

THE  Central  Rail  Stsyex. — An  experiment 
has  been  made  on  the  road  between  Roanno 
and  Charlieu,  with  a  mcNlified  kind  of  mountain 
railway;  a  pair  of  rails  about  a  mile  in  length  was 
laid  down  by  the  side  of  the  road,  following  all  its 
irregularities,  a  central  rail  being  added  iu  those 
parts  where  the  gradients  were  unusually  steep, 
and  the  engine  provided  with  horizontal  whc^els, 
which  nipped  this  central  rail.  The  report  of  the 
trial  is  but  meager;  but  it  is  asserted  that  the  en- 
gine, to  which  were  attached  three  ballast  trucks, 
worked  admirably,  going  up  and  down  the  inclines 
with  ease,  not  only  with  the  aid  of  the  horizontal 
wheels,  but  by  means  of  these  alone,  the  ordinary 
driving  wheels  being  thrown  oat  of  gear. 
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eomes  fn  for  a  good  ^hare  of  attention.     As  an  ex- 
ample we  extnuit  a  portion  of  the  account  of  the 
*•  Eherlmrdt''  mine,  iU  name  having  tx-come  almost 
ftj-noavBioua  with  ihat  of  the  cave  enterwi  by  Alad- 
din.    *'  At  a  dt'pth  of  twenty  or  thirty  feet  from 
the  surface  drills  have  beeii  run  in  all  directions 
through  solid  ma^stn  of  chloride*  or  t>ther  ores  of  \ 
Itilver  (or  twenty — tifty  feet^  and  the  end  i-s  not  yet  ] 
re^hed.     Descending  the  shaft  we  found  ourselTea  | 
aiDong  men  breaking  d«>vai  silver  by  the  ton.     The  | 
light  tif  our  caudles  diticlo«?d  great  black  sparkling  \ 
TuanM^j^  of  silver  ore  on  every  side.     The  widls  were 
tilvtTj  the  roof  over  our  beads  silver,  the  very  diurt 
which  tilled   our  lungs  and  covered  our  boola  and 
clothing  was  a  gray  coating  of  fine  silver.     From  a 
chimney  in  the  EWrhai^t  ground  $85,000  worth  of 
silver  was  taken  in  a  few  dajis.     One  of  the  owners 
of  tlie  Eberbardt,  hut  recently  a  poor  man,  values 
bis  interest  at  $1,000,000.'* 

Since  the  above  was  written  many  other  locations 
of  equal  value  are  claimed  to  hav^e  liecn  made. 

The  iiottM*  on  Montana.  Arizona  and  ">ther  tcrrl* 
torieji  are  not  very  extended,  having  been  furnished 
to  the  comniiwioner  by  other  parties  ;  these  terri- 
tories will  receive  greater  attention  during  the 
coming  summer, 

Piirt  ^'coiid,  on  the  ^' Helation^  of  Govemmenl 
t<j  Mining,"  in  a  most  important  pail  of  the  reptirt. 
The  *ul>jtt?t  is  di.'icnsHed  under  the  following  hcadi^: 

Mining  and  Mining  Law  among  the  Ancient, 

Blining  Law  in  the  middle  Ages. 

The  Spanii«h  Mining  Law. 

Modem  German  Codes.  The  Code  of  France, 
Hitting  Law:<  of  England  and  Canada,  and  finally 
mining  education,  under  which  head  account.H — 
with  the  C(*urse  of  instniction — arc  gi^-en  of  the 
FreebtTg,  Berlin,  Clausthal  and  Paris  Schools.  In 
this  second  [lart  information  is  given  which  cannot 
readily  be  obtained  elsewhere.  M. 

f^U¥.f9  d'CEuvrb  or  the  Iunt  !»trial  Arts.     (By 

Vj    PuiLlPPE    Bl  RTY.)       POTTKUV  AND   PoftCliLAt.N, 

Glass*.  Enamkl,  Metal,  Golhsmitu's  Wohk,  Jew- 
£LET  AND  Tapestbt.  Illustrated.  Edited  by  W. 
CHArrKHs,  P.  S.  A.  London:  Chapman  &  Hall, 
Piccadilly.  1869.     Sold  by  Van  Nowtrand,  N.  T. 

Although  this  is  not  an  engineering  book,  the 
subjects  treated  arc  of  more  than  incidental  imixtrt- 
ftuce  to  the  engineer  and  the  methauician.  There 
is  much  practical  information  concerning  the  pro- 
ce8«ies  and  mnchinery  of  nruHmental  consiruetion, 
but  the  charm  of  the  book  is  thus  expressed,  at  the 
close  of  a  b>ng  review^  in  the  *'  Builder  '■  : 

To  look  carefully  ovi^r  this  work  brings  an  im- 
pression into  the  mind  exactly  like  that  which 
occupies  it  after  a  long  day  spent  in  the  South 
Kensington  Museum,  or  in  the  Lou\Te,  or  in  the 
Vatican-  And  it  al^v  brings  a  desire  to  visit 
those  courts  and  ialh*  again,  to  !*ee  the  lonlly 
dtMhes  and  other  trium[)ha1  specimens  of  the  great 
ceramists,  the  clever,  dainty,  cuiiniug  euameU.  the 
bronze  and  iron  work  of  departed  centuries,  the 
sumptuouji  gotdsmith^s  w*ork  and  sparkMug  jewelrj', 
with  the  new  Itghla  its  perusal  has  conferred. 

Tun  UtsToar  ani>  PnofsaESs  of  tok  Electric 
Ti^LtJcaAi'ii.  WITH   Descriptions  of  80mk  or 
vnf5  Ari'*ii4Ti  H     By  Robert  Sabine,  G,  E.    Sec- 
nldiiions.     London:   Virtue  k 
y  Van  Nostrand,  N,  T. 
^•*  '  "'^    •'>'  the  principal   pointa  in  tbi« 
'-"■^•tiy  ftbaervailone  upon  electrical  phenom- 


ena^  tel^graphA  by  frictional  and  rxMxic  ^w 
and  by  electro -magnet  ism 
An  excellent  and  mo«i  i 
of  the  various  r  '  '  i  i 

construction,  v\'  .      n  ,   i  \r    ' 

on  overhead  aij'  i  i  rgr 

and  the  final  r  k<i«pWt  i 

tricity.     We  f ( .  itou,  i 

so  much  and  such  Ubcjiui  umtu-r  to  the 
telegraphist,  will  l»e  welcomed  tiy  all  rnj^afpd  tal 
profefston  a»  a  mt>st  useful  addition  to  Usir  1 
graphic  librarj'. — JlffcA«fii«'  MagawiM^ 

HA^DBUCH    rtra  SPfiCIKLLK  £lSC3(DAtt3"T| 
KTC       VoK  E.  H£VSlt!taEa  V03I  WaUIMC, 

gleman,  Leipzig,  1^69.     B  vo.,  illQatraicvt 

The  tlrst  putt  of  this  work,  which  is 
be  completed  in  four  parts,  baH  ip_ 
probable  that  it    will  prove  th(»icicMl  ooooiMt ■! -J 

encyclopaedic  work  tv    -    - ^r-incii  ur  tiQi 

construction  and  plr  hh  tbt  \ 

to  the  existing  dute,  ! '  ^nd    Thi*! 

part  commences  with  an  abit^- 

where  absolutely  free  frritn  Vl 

Welter^  Director  of  Statv 

the  rise,   progress^  and   I 

remainder   treats  of  tlie 

(without  dealing  with   br  lacts,  *tt.| 

the  table,  ballasting,  perm  .^.  -v  -  ^a^euh^i 

of  which  eopiou*  details  ut  all   tlie  many 

on  the  German,   American,    and  other  liiMJ 

given  ;  and    with    the   manitfuctnnf, 

choice,  etc.,  etc,  of  rails,   including  the 

manufacture  of  steel  rails.     There  is  a  d   _ 

fcome  intercut  up^jn  the  theoretic  pritid^lei  ( 

resiatjince  of  r,\\\%  laid  into   ^'-*      o..»  , 

feature  of  this  really  fine  wur).  «fll| 

trateil  both  with  engraved  plu 

in  the  text,  is  a  vnty  complete  '*%  i 

ference,  at  the  end  of  e^ch  ch  fd 

ed  iiapers  upon  iiji  particular  ^ 

are  chietiy  of  German  works*  1 

in    mnst  of  the  oih       ^'  >      ;     .    ^ 

book  i*  wondei-fully  tl*  i  .\"^  \'    .  ;  ;'J  -- 

tions-     We  cannot  su.,,    ,^  ,..-.c  aui  wuii  .iijik^ 

|ierfectly  new  to  us   in  ihia   Hr^l  pan^«-/V«<ticii 

Mtchanic^M  JournaL 

Appleby's  Illcstratcp  llAirtkBAas  or  UmooS* 
ERY  AKD  jROK-wuiiii:      Hv  A  >  i>i,*:nT  BaoTVOi, 
E.  and  F.  N.  Spon,  i  -a 

We  have  here  ah.  i  died  YoliUBtof 

?ome  450  pages,    whiiuh    euilta.\iir»  to 
little  like  a  catabigue  aa  po«*i>jIe,  but  with 
different  success.     A*  a  ir  ^ili»gui»  H  li 

niirjible,  containing,  as  h  vfx'u  thrwjoi 

four  hundred  wood  ♦"  -  the  pricn  •Til 

Iciist    two  thousand  :    iiilmjftiiww 

articles.     The  first  s-  1  lo  ^T»f||l 

and  prices  of  8t*am  cmuh:*,  ir  ^ 

steam  ^hoisting  macbimTy  ;  t>n  ■?#» 

boilers,  turbine**,  am!  ^41 

and  hand  pumps,  hy  -4 

fittings  i  the  fourlh  to  i .  ii.an>     i^*    tJfUl 

to  machine  tools,  atid  tlx  ipalty  IOi|H* 

cultural  implements.      ^  „  Mnall  ooOfctitf 

of  tables,  memoraufl  i  inatJoii  toemftMii^ 

possessing  no  great  n  -prn  to  eoBiidtnt'i 

improvement.     But.    ^  m   }ir  f  jii^il 

machinery,  Appleby's  haudbo'  itmjl^ 

tJiau  any  which  haa  jei  been  brou^rii  uulcr  ^ 
not  ice . — £n  g^in  erring. 
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IlJLSTICITTi   EXTSXSIBILITT,   AXD    TeMSILK  ' 

CNGTH  OP  Ikox  and  Stbkl.  By  Kmut 
Director  of  the  Ropd  Technological  Insti-  , 
•UMskholm.  TranaUled  from  the  Swedish. 
Original  Ai^*iidlx  by  Gheisikr  F.  Sai»- 
saoc.  I.C.E.  With  a  Preface  by  Johi 
M.  D.,  F.  R.  S.  John  Murray  :  London. 
'^or  sale  by  D.  Van  l^ostrandj  28  Murray 
ew  York. 
frork  is  attracting  great  attention  among 

steel  makers  and  constmctors.  It  is  re- 
nd quoted  at  great  length  by  "  Engineer- 
Che  Engineer,''  and  other  authorities.    It 

the  result  of  a  series  of  experiments  con- 
fj  »  committee  appointed  by  the  King  of 

with  the  view  of  examining  railway  plant 

nmnufacture,  and  of  determining  the  fit- 
Swedish  iron  for  such  materials.  The  cx- 
s  were  spread  over  several  years,  and  had 
i  to  the  elasticity,  ^*  extensibility,' '  and  ab- 
.rength  of  diflerent  varieties  of  iron  and 
*he  tests  were  carried  out  under  the  direc- 
'rufessor  Knut  Styffe,  director  of  the  Royal 
igical  Institute  at  Stockholm,  a  gentleman 
Telong  training  in  experimental  science  emi- 
oalifies  him  for  the  task  he  has  undertaken. 
louUl  recommendation  of  the  author  which 
y  gives  in  his  preface  to  the  work :  "  From 

position  which  I  know  he  occupies  in  the 
Ml  of  scientific  men  in  Sweden,  pcrfbct  con- 
nay  be  placed  in  the  accuracy  of  his  jre- 
o«igh  his  conclusions  may  not  in  every  case 
lied."  The  volume  contains  a  large  amount 
nmtion,  carefully  collected  from  trustworthy 
eots;  it  is  illustrated  with  numerous,  al- 
not  veiy  artistic,  working  drawings.    An 

authority  on  such  matters — vis.,  Mr.  Fair- 
rrites:  "I  have  great  pleasure  in  bearing 
mony  to  the  scientific  and  practical  value  of 
dBslatiou  of  this  important  work,  and,  look- 
le  innumerable  uses  to  which  this  material 
id,  I  have  no  hesitation  in  recommending  it 
erusal  of  the  architectural  and  enf^ineering 
'  The  author  divides  his  book  mto  four 
I,  the  first  treating  of  experiments  on  ton- 

ordinar}'  temperatures;  the  second,  of  the 
;ioD  of  the  results  of  these  investigations  to 
enniiiation  of  the  relative  values  of  steel 
B,  and  of  the  difi*eront  varieties  of  these  roa- 
for  difierent  purposes;  the  third,  of  experi- 
n  tension  at  high  and  low  temperatures;  and 
irth,  of  experiments  on  fiexiou  at  difierent 
t  of  temperature.  To  these  chapters  aie 
rarioua  Ubles  and  pUtes,  and  also  a  valuable 
ix  by  Mr.  Sandberg. 

work,  however,  useful  as  It  is  in  many  par- 
I,  is  severely  criticized.  '^  The  Engineer  " 
Dces  it  impractical  and  obscure,  although 
ly  precise.  Many  of  the  considerations  are 
ew  to  Iron  workers  in  this  country,  at  least, 
D  be  farther  rcftirred  to. 

fFBCTANTS  AMD   DlSIMrSCTIOlf.      By  RoBSRT 

lous  Smith,  Fh.  D.,  F.  R.  S.,  F.  C.  S.  Edin-^ 
:  Edmonston  and  Douglas,  1869.  For  salt 
I  Kostrand,  New  Tork. 
ommoQ  content,  Dr.  Angni  Smith  has  be« 
ba  AM  authority  in  Europe  on  the  subject  of 
Btaots.  To  this  subject  he  has  devoted  a 
portion  of  his  scientific  life;  and  now,  in  a 
:H  volume  of  only  188  pages,  he  has  condensed 
alt  of  twenty  years  of  patient  itudy.    We 


cannot  too  much  commend  the  plan  and  exe  .mtion 
of  this  inquiry.  Almost  every  page  contains  evi- 
dence of  exhaustive,  laborious  research,  guided  in 
(Is  course  by  the  clearest  judgment.  We  seek  in 
vaia  for  some  weak  point  to  give  us  occasion  to  air 
ouc  critical  acumen.  Our  duty,  therefore,  must  be 
confined  laainly  to  giving  extracts— criticism  being 
out  of  the  question — for  no  man  living  is  competent 
to  criticise  Dr.  Angus  Smith  on  disinfection  but  Dr. 
Angus  Smith  himself— CA^mica/  News. 

THB  MIIJJ50  Journal  and  Corn  Exchamqe  Re- 
view. New  York :  J.  D.  Nolan  &  Co.  Pub- 
lishers, 96  Liberty. 

The  number  of  American  journals  devoted  to 
special  subjects  is  receiving  constant  additions.  We 
have  just  received  a  copy  of  a  new  monthly  journal 
devoted  to  the  subject  which  its  title,  given  above, 
indicates.  The  milling  businees  is  one  of  vast  mag- 
nitude in  this  country;  and  we  should  think  there 
is  a  fine  opening  for  a  paper  treating  of  it.  The 
copy  before  us  gives  ikir  promise  of  success. 

The  above  notice  is  trom  the  '*  American  Arti- 
zan; ''  we  can  fiilly  indorse  it,  and  we  may  add  that 
the  new  journal  has  more  practical  information  than 
most  of  the  journals  among  us,  that  treat  of  special 
features  of  sci^ce  and  mechanics.  Milling  is  a 
subject  of  sufficient  scope  and  importance  to  require 
quite  as  good  a  special  organ  as  for  instance  tele- 
graphy and  gas  lighting,  and  this  demand  is  likely 
to  be  supplied,  if  the  mill  managers  and  mechani- 
cians especially  interested  do  their  part.  They  will 
be  the  losers  if  such  a  jomnal  is  not  properly 
encouraged. 

THE  American  Miller  and  Millwright's  As- 
sistant. By  W.  G.  Hughes.    Price  $1.60  post 
paid.    Same  publisher. 

This  is  another  extremely  usefUl  work  on  milling, 
and  will  be  found  a  most  acceptable  compendium 
for  references.  It  embodies  the  best  information 
derived  fVom  the  author's  personal  knowledge  and 
practical  experience.  Few  intQlliflent  millers,  we 
are  persuaded,  will  long  remain  wiUiout  it.  It  is  a 
plain,  practical  treatise,  written  in  a  .<ityle  which 
will  be  easily  understood,  and  cannot  fail  to  be  of 
incalculable  value  to  appi-entices,  and  others,  who 
have  a  desire  to  pertfect  tlwmselves  in  every  branch 
of  milling. — Milling  Journal, 

THE  Ambrioan  Tear  Book  and  National  Reg- 
ister roR  1869.     Edited  by  David  N.  Gamp. 
Hartford :  Published  by  O.  D.  Case  &  Co. 

This  work  is  the  initial  volume  of  a  proposed 
annual  publication,  respecting  the  afiairs  of  the 
General  and  State  Government,  public  institutions, 
finances,  resources  and  trade  of  this  country ;  the  po- 
litical, financial  and  social  conditions  of  other  oouu- 
trios }  and  various  other  subjects  relating  to  social 
and  political  economy.  The  work  is  a  thick  8vo., 
printed  and  bound  in  excollont  style  i  and  seems  a 
valuable  work  of  reference. 
'^rHE  Phenomena  and  Laws  op  Heat.  By 
1  Achille  Gazin.  Translated  and  Edited  by 
Elihu  Rich.  pp.  x.,  2^,  New  York:  Charles 
Scrlbner  St  Co. 

We  have  hero  an  additional  volume  In  the  series 
of  popular  works  on  the  wonders  of  solcnoc,  which 
Scribner  k  Co.  have  recently  Introduced  into  this 
country.  It  Is  written  in  a  style  entirely  Intelligi- 
ble, even  to  persons  without  sctentlflo  training,  and 
the  numerous  illustratlooa  add  greatly  to  the  inter* 
est  of  the  text. 
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LAW  OF  Patents  for  Inventions;  with  Explan- 
atory Notes  on  the  Law  as  to  the  Protec- 
tion OF  Dehioxs  and  Trade-Marks.  By  F.  W. 
Campin.    Loudon:  Virtue  &  Co.     18«9. 

This  book  is  highly  recumiucnded,  and  reviewed 
at  length  in  '*  Engineering,"  which  authority  says  : 
*'  Mr.  Campin's  book  throws  a  clear  light  upon  the 
subjectii  of  patents  and  patent  law  in  all  its  stages, 
and  is  illustrated  by  a  host  of  the  most  pertinent 
ca4»os.** 

Although  the  dctaihi  of  proceedings  in  the  British 
Patent-Office  are  of  limited  importance  to  others 
than  professional  ftolieitors  of  patents  in  this  coun- 
try, the  elucidation  of  Britisli  patent  law  is  valuable 
to  all  men,  here  as  well  as  in  England,  whose  claims 
are  or  are  likelv  to  be  involved.  British  precedents 
are  as  much  relied  on  in  our  courts  as  at  home. 


MISCELLANEOU& 

ENGLISH  AND  FRENCU  MEASURES. 
From  <<The  Eoginoer.'* 
Lengths — Longueurs . 
1  inch  =        0.0254  metres 

1  foot  =        0.3a48.metres 

1  yard  =        0.9144  metres 

1  chain         =      20.1160  metres 
1  mile  =    1609.816  metres 

1  millimetre    =    0.894  in. 
1  centimetre   =    0.3987  in. 
1  metre  =    8.2^1  a.  =  8  ft.  81  in. 

10  metres        =    82.809  ft.  =  10.936  yds. 
1  hectometre  =    100   metres   =   828.090  ft.  s= 

109.868  yds.  =  4.971  chains 
1  kil(»metre     =    8280.90  ft.  =  1098.68  yda.  = 

49.71  chains  =  0.621  miles 
1  knot  =    6082.66  ft.  =  1.152    miles  = 

1858.981  metres 
£1  per  mile     =    15.525f.  per  kilometre 
lOOf.  per  kilometre  =  £6.487  per  mile. 
If.  per  metre  =    8.778d.  per  yd.  =  2.926d.  per  ft. 
Is.  [»er  yard    =    1.367f.  per  metro 
Is.  per  f<x>t     =    4.101f.  per  metre 
1  kilometre     =    0.589  knots 

Jlreat — Superficies. 
1  s<iuare  inch       =    6.4513  cm* 
1  square  foot       ==    0.0929  m " 
1  square  yard      =    0.8361  m." 
1  rod  =  26.2919  m.« 

1  acre  =    0.4047  hectare 

1  mm'*    =    0.00155  square  inches 
1  c  m^     =    0.1550  square  inches 
1  m "       =    1.1960  sq.  yds.  =  10,7648  sq.  ft. 
1  are        =    100  mi'  =:;  0.0247  acres 
1  hectare  =    10,000  m*  «=  2.4711  acres 
Is.  per  mjuare  foot  =  13.455f.  per  m,* 
Is.  per  square  yard  =    1.495f.  per  ni;' 
If.  per  m  ■  =    8.0266d.  per  square  yard 

£\  per  acre  =    61.778f.  per  hectare' 

lOOf.  per  hectare  =    £1 .6188  jwr  acre 
lOOf.  per  are        =    £0.0162  per  aero 

Measures  qf  Capacity j  Dry  and  Liauid'^Mesures 
de  Caj»acite  pour  ies  Liquides  et  les  Grains. 
1  pint  B=    0.6679  litres 

1  quart  s  M359  litres 
1  gallon  s==  45435  lities 
Ipeck  ^  9.0869  litres 
1  biuhol      s  36.8477  litrei 


1  sack        =    1 .0904  hectolitre  =  109.0130  litim 

1  quarter  =    2.9078  hectolitres 

1  chaldron  =  18.0852  hei-tolitres 

1  litre        =    1.7608  phit 

1  decalitre    =    2.201  gallons 

1  hectolitre  =    22.010  gallons 

Is.  i>er  gallon    =    0.2751  f.  per  litre 

If.  per  litre       ==    48.G18d.  per  gallon 

ViUumes. 
1  cubic  inch     =    16.8870  c  m* 
1  cubic  foot      =    0.0288  mj'  =  28  litres 
1  cubic  yard     =    0.7645  mj*  s=  76o  litres  wirif 
1  cjm'  =r    0.061  cubic  inches 

1  djni*  =  1  litre  =  0.0853  =  61 .028  cnb.  in. 
1  m  *  =  1.8079  cubic  yds.  —  85.322  cub.  ft. 
1  m  '  of  difitilled  water  (rati  distiUh)  =  1  toum 

de  merj  weighing  1000  kilogrammes 
Is.  per  cubic  foot  ~  44.150f.  per  m ' 
Is.  per  cubic  yard  =  1.6849f.  per  m' 
If.  per  m*  =J.889d.  per  cubic  yard  ==  0.271M.  y« 

cubic  foot 

Power — Force* 
(Horie-Power,  H.  P.—Foree  en  Cbevmox.! 

1  H.  P.  is  the  force  that  wiU  raise  33,000  lb.  It 
a  height  of  1  foot  in  1  minute. 

1  cherai'vaptur  ilhie  33,000  Ih.  a  1  pUd  is  hmd* 
eur  en  1  minute ;  ou 
76  kilogrammes  a  1  mHre  en  1  seamde. 
1  kilogrammetre  is  the  force  that  will  raise  1  kib- 

-  gramme  to  a  height  of  1  mvtre 
1  II.  P.  ==  75  kilogrammetres  per  seconde 
1  Dynamic  =  1000  kilogrammvtrcd  .i 

Pressures — Prusions. 
1  lb.  per  square  inch  =  0.0703  kilos  per  cm*  \ 

1  kilo  per  centimetre  =  14.229  lb.  per  sq.  incli. 
1.088  kilo  per  centimetre  =  14.78  lb.  per  hi.iaek 
=  1  atmosphere 

Railway  Earthworks — Terrasstments. 
1000  cubic  yarda  per  mile    =    474.765  m'  p« 

kilometre 
1000  m!*  per  kilometre    =    2104.828  cubic  yudi 
per  mile 

Rail*. 
1  lb.  per  yard  run  =  0.4958  kilos  per  mitre 
1  kilogramme  per  metre  =  2.0168  lb.  per  yard  = 
0.6723  lb.  per  foot 

A  Model  Establishment. — It  Is  a  renurkable 
fact  that  Mr.  Krupi>^in  bushiess  for  fiTty 
years,  and  with  not  leas  than  10.000  men  for  »«tt 
years  in  his  employment— has  never  bad  a  dicpoli 
with  a  workman;  a  fact,  doubtlcw,  aKribaUe  ia  i 
great  measure  to  the  admirable  institutiona  sod 
regulations  for  the  benefit  of  the  workmen.  By  om 
of  I  he  provisions  of  the  establishment,  every  work- 
man becomes  entitled,  after  twenty  yean'  work,  lo 
a  retiring  annual  i)enaion  of  half  his'ltft  year's  «al- 
ary.  and  after  thirty-flve  years  he  mav  refire  « 
full  pay.  Such  regulationn,  however  efiectiw  tbev 
may  be,  do  not  appear  to  explain  the  extnuirdioaiy 
concord  and  order  perpetually  maintained  in  thii 
enormous  establishment.  From  1.000  to  1.40i)bkii 
are  frequently  engaged  at  one  operatlun.  iQcb  u 
casting  an  ingot.  They  work  as  one  man.  and  tlM 
same  harmony  and  regimental  order  prrnili 
throughout.  It  is,  d<mbtlesii.  tnicealde.  in  part,  ta 
the  military  training  which  ever}*  Prusslao  rcccltts. 
^^Fortnightly  Review. 
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ANkw  Movkmest. — jipropoM  of  the  article  on 
another  i>age,  relatiTe  to  the  perfecting  of  ex- 
Mag  American  Scientific  Schools,  we  are  happy  to^ 
Ian  that  the  alumni  of  the  Ueusteielaer  Polytechnic 
btitute,  at  Troy,  propose  to  assemble  at  that  place  | 
nthe  'Jr2d  and  28d  of  June  next,  for  the  pur|>ose 
if  forming  themselves  into  a  permanent  association; ' 
pirtly,  no  doubt,  for  the  purpose  of  inquiring  into, 
ad  intelligently  representing  throughout  the  land. 
Ihe  interests  of  that  Institution,  which,  in  certain 
Ripects,  have  long  been  strangely  and  lamentably 
■^^'tcd.    We  hail  this  movement  with  great  plea- 
Hn  from  every  point  of  view.    It  is,  we  believe. 
He  first  <»De  of  its  kind  in  the  country ;  that  is,  the 
km.  made  by  the  graduates  of  any  of  our  Technical 
Bdmols.    It  will  rally  to  the  support  of  an  old  and 
hmored  institution  the  atfections  and  counsels  of  an 
lUe  body  of  graduates,  and  will  naturally  stimulate 
ifectual  inquiry  into  ita  wants,  and  the  reasons  why 
ftey  bavie  been  so  long  unsupplic*d,  and  the  best  i 
■MOB  of  meeting  them.    It  will  naturally  still  fur-  | 
fter  attract  the  friendly  attention  of  the  whole  en-  j 
ibeeriug  profession  throughout  the  land  to  an  In- 
vitation which,  amid  many  discouragements,  has ' 
Bnxtn  indefatigably  to  honor  that  profession  by  ruis-  ■' 
fag  the  standard  of  entrance  upon  it.    It  will  thence  I 
■roperly  cause  the  Institute  to  be  more  widely  I 
iBinrn  and  appreciated  by  the  general  public.    AV'e  i 
faiTe  fven  the  circular,  calling  the  meeting,  which 
bieQt  to  evcrv  accessible  graduate,  and  take  plea-  ! 
■re  in  here  giving  publicity  to  the  proposed  move-  I 
■nt,  in  order  that  all  concerned  may  be  the  more  ! 
Rre  to  be  advised  of  it,  and  may  be  the  more  cer- 
toin  to  attend. 

THE  DcsT  or  Cities  astd  the  Healtb  or  Men. — 
A  microiicopist  (Mr.  Dancer,  F.  R.  A.  S.)  has, 
Mjithc  *'  Daily  News,''  been  examining  the  dust 
«f  oar  cities.  The  results  are  not  pleasing.  In 
tvo}'  Hpecimen  examined  by  Mr.  Dancer,  animal, 
life  van  abundant.  But  the  amount  of  ^'  molecular 
actirity "  is  variable  according  to  the  height  at 
vhicli  tlic  dust  is  collected.  And  of  all  heights 
vliich  these  molecular  wretches  could  select  for  the 
display  of  their  activity,  the  height  of  five  feet  luis 
been  found  to  be  the  favorite.  Just  at  the  average 
beigfat  of  the  foot-pavenger's  mouth  these  moving 
)rguki»m8  are  always  waiting  to  be  devoured  and  to 
lake  make  us  ill..  A  large  proportion  of  vegeta- 
Hb  matter  also  disports  itself  in  the  light  dust  of 
w  streets.  Mr.  Dancer's  observations  show  that 
a  thorougfaArcs  where  there  is  much  traffic  a  large 
roportion  of  this  vegetable  matter  thus  floating 
boat  consists  of  what  has  passed  through  the 
tomacha  of  animals,  or  has  suffered  decomposition 
iscmie  way  or  otlior.  This  unpleasing  matter, 
ke  the  ^*  molooolar  activity,"  floats  at  a  height  of 
ve  feet,  or  thereabouts.  These  observations  tend 
I  a  recognition  of  the  manner  in  which  some  dis- 
MKi  pn>paffate  themselves,  and  the  lesson  to  be 
educKl  is  that  the  watering  cart  should  be  regard- 
1  as  one  of  the  most  imiKirtant  of  our  hygienic 
Mtitiztlons.  Supplemented  by  caref\il  scavengeriiig 
.  might  be  effective  In  dlMpiNUMHi.Mng  many  a  terri- 
le  DMlady  whk:h  now  holds  sway  fVom  time  to  time 
wcr  oar  towns. 

i!cKcw  vs.  Paddle. — The  splendid  Gunard  pod- 
3  die  itBAmcr  Persia  has  been  sold  for  £15,000. 
leanwhile  no  paddle  steamers  are  building  for  the 
kttoatic  lines.    The  Paoiflc  Mail  still  sticks  to  pad- 


ri'^HE  Channel  Beioge. — ^It  appears  fVom  the 
X  French  papers  that  a  proposal  nas  been  made  to 
M.  Boutel,  the  projector  of  this  enterprise,  to  un- 
dertake the  connection  of  the  town  of  St.  Malo 
with  the  French  coast  by  a  causeway  or  viaduct, 
constructed  on  his  system,  and  that  the  Anglo- 
French  Channel  Bridge  Company  are  about  to  un- 
dertake this  work.  The  town  of  St.  Malo  stands 
ujKin  an  island,  distant  from  the  mainland,  with 
which,  however,  it  is  in  some  measure  counectcd  by 
a  causeway,  usually  covered  by  the  sea.  A  road 
raised  upon  a  bridge  such  as  M.  Boutet  has  pro- 
posed for  crossing  the  Channel,  would,  therefore,  be 
a  great  advantage  to  such  a  locality,  and  it  would 
afibrd  the  company  an  excellent  oppoitunity  of 
demonstrating  the  I'easibility  of  M.  Boutet's  mode 
of  construction,  which,  indeed,  seems  to  be  pretty 
well  acknowledged  in  Paris.  The  proposition  Ibcms 
the  subject  of  a  very  elaborate  criticism  in  the 
February  number  of  "Le  Genio  Industriel,"  a 
valuable  and  influential  French  work,  which  has  been 
long  devoted  to  the  examination  of  leading  scientific 
works.  The  writer  of  the  article  in  ([uestion,  M. 
Fieort,  demonstrates  the  theoretic  soundness  of  the 
principles  on  which  M.  Boutet  relies. — Mining 
Journal. 


THE  NEW  p.  &  O.  Steamship  "  Deccan."— This 
vessel  is  the  latest  addition  to  the  Peninsular 
and  Oriental  Company's  fleet.    Her  dimensions  are 
as  follows :     Length  between  peqtendiculars  345 
fbet  ;  breadth  of  beam  42  feet  ;  depth  of  hold  80^ 
feet  ;   builder's    measurement  8,001    tons  ;  gross 
tonnage,  8,128.     Her  engines  are  of  600  nominal 
liorse-power  (indicating  2,780  during  her  trial)  ; 
I  diameter  of  cylinders  7ft  inches,  and  length  of 
'  stroke  4  feet  ;  and  has  a  fbur-bladed  propeller  18 
:  feet  10  inches  in  diameter,  with  a  pitch  of  27^  to 
I  80^  feet,  and  weighing  12{  tons.     Two  runs  at  tho 
!  measured  mile    showed  the  following  results : — 
.  Steam,  26  pounds  \  vacuum,  28  inches  ;  revolu- 
I  tions,  62  i  the  true  mean  speed  being  18.738  knots 
'  per  hour,  with  a  mean  draught  of  18  flnst  84  inches. 
I  The  heating  surface  of  the  boilers  is  12,604  square 
I  feet,  fire-grate  surface  420  square  feet,  and  cou- 
'i  densing  surfhce  6,864  square  feet. 

DBTiNG  Green  "Wood.. — A  new  method  for  dry- 
ing green  wood  in  a  very  short  time,  says  tho 
**  Builder,"  consists  in  boiling  it  for  some  hours  in 
water  and  leaving  it  then  to  cool,  by  which  the 
I  soluble  substances  are  removed.  It  is  then  boiled 
\  in  an  aqueous  solution  of  borax,  by  which  the  in- 
soluble albumen  of  the  wood  is  rendered  soluble, 
and  escapes  fVom  the  pores.  Tho  wood  is  then 
placed  in  dryin£|-cliambei*s,  heated  by  steam,  and 
allowed  to  remam  throe  days. 

AMERICAN  Institute. — Tho  vacancy  in  the  Facul- 
ty of  the  Americim  lu.«<titute,  caused  some  three 
i  wars  since  by  the  death  of  Prof.  Jam«"s  J.  Mapet*, 
hjUi  lH?en  filK'd  by  the  ap{»ointnient  of  James  A. 
,  Whitney,  assfKJiate  editor  of  the  **  American  Arti- 
I  san,"  as  Professor  of  Agricultural  Chemistry, 

TECHNICAL  EnuoATiON. — ^Tho  English  Govern- 
ment have  decided  not  to  establish  schools  of 
I  technical  o<lucation  thrQuglH)Ut  the  country,  as  tho 
!  expense  would  be  enormous.  They  liavo  resolved, 
:  however,  to  give  liberal  support  to  local  cfiorUi 
I  made  for  this  purpose. 
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TVbk  Faexck  ATLiJfTrc  Cablk  will  be  laid  in 
X  June,  Its  length  will  be  A,564  nauticiil  milcs^ 
from  Cape  Uwhant,  a  few  miles  from  Brtsl,  via  the 
FrvDrh  Island  of  St,  Pierre  (near  Placentia  Ba^j 
JfeiA'fHiuridtaiid),  to  Cupc  Cod,  landing  at  Plyiuuuth, 
IJMiichusgttjt.  The  cable  will  be  an  in)proTement 
HkVmy  re,«<pect,  upon  that  of  1805-6.  It  will 
^lefgh  400  ini$t«^  of  300  pounds  to  the  mile.  The 
London  Times  aays :  ^*  the  standard  of  the  manu- 
factured value  of  a  cable  \h  judged  by  what  are 
callefl  it  A  units  of  resifitance  to  the  ptiAfage  of  the 
eUH3tric  current  tlirough  the  conductor,  and  the 
more  porfcct  the  iosulation  the  greater  that  rmln- 
taDCif  will  be.  This  resistance j  measured  by  the 
gHlvanoraeter,  h  counted  by  millions  of  units. 
The  Indian  faov-ernment  imsisted  on  the  Persian 
Gulf  cable  having  a  resistance  of  50,000,000  of 
nnitft.  The  utandard  of  the  Atlantic  cable  of  1865 
waa  raised  to  100,000  units.  In  the  cable  of  18«6 
the  standard  watt  raified  to  150.000,000  units, 
and  in  this  French  cable  the  contract  standard 
is  260.000,000  units  of  reiiiMtance  and  no  leas  j 
and  in  this  high  electrfcul  condition  it  will  be  laid, 
At'ter  it  ia  laid  every  day  wi!J  improve  iti»  iuiiulaiion. 
Thus  the  two  Atlantic  cables  have  gained  so  much 
in  insulation  .since  they  left  the  factory  that  often 
during  last  year,  it  is  said,  they  gave  A  resistance 
a«  high  aa  4,000,000  units/* 

GRANiTR  Pavino  V,  Macadav^ — Thc  question  of 
the  relative  durability  and  safety  of  theMs  two 
methods  of  covering  mctropolttAD  streets  and  riM\d» 
bag  undergone  much  diwunsion  lately  by  the  various 
vestries,  and  as  it  is  beginning  to  be'discfjvertHi  that 
paving  i?*  cheaper  in  the  long  run.  It  h  likely  that  a 
great  dofil  uf  paviora'  work  will  be  done  in  the 
metropolis  within  the  next  two  years.  The  «d- 
vocatCH  of  granite  cubing  stwm  to  be  In  a  minority 
everywhere,  and  financial  diificultiea  only  slop  the 
way  in  mo.«4t  caseiv.  The  employers  of  horse  power 
throughout  the  metropolis  prefer  paved  roads,  and 
no  wonder  when  in  the  course  of  the  year  so  much 
rough  uncrrn5<»1i dated  broken  granit4>  has  to  be 
traviTHiMi  by  them,  t<i  the  injury  of  the  animals, 
and  to  the  detrtmeat  of  springs  and  whtMjla,  Thone 
who  object  to  paved  streets  on  account  of  the  in- 
CTea>ed  noise  of  the  traffic  have,  to  a  groat  extent, 
to  thank  the  barbarity  of  mi>dem  road  making  for 
the  development  of  tlie  pre»ent  movement  In  favour 
of  paved  roads.  The  adoption  of  the  steam  rcwid 
roller  would  not  on?y  have  been  an  act  of  humanity 
towards  our  horw»s,  but  It  would  have  eriablod 
maoidamlsLNl  roads  to  be  kept  in  couj^tant  repnir  at 
ft  fSwr  losi  cost  than  by  the  present  slovenly  method. 
^Building  Ntwt, 

STSAit-Etfotxtrs  AJiiJ  MACfiiMEBT.^The  retnrrjs 
aa  to  the  exports  of  machinery  and  steam  -engine* 
fW»m  the  United  Kingdom  for  the  first  11  months 
of  last  year  are  sufficient  to  enable  un  to  Ibrm  a 
pretty  good  estimate  as  to  the  year's  business.  We 
a*>nt  la»t  year  fbwer  steam-englnoa  to  France.  Egypt, 
British  India,  and  Australia.  Russia,  however, 
came  to  the  rescue,  and  toi)k  our  steam 'engtrie**  to 
the  value  of  £200.537  In  the  II  months  ending 
Tlov  .10  u^f  y^»j||.^  ^  compired  with  t»Vl,522  in  the 
t*r  ^11  months  of  1867.     Tb^  MUnw  oflT 

1^  id  for  railway  engines  In   British  India 

ratb'f  N.^r!ou9ly  prejudiced  the  general  iH^sult  of 
Ust  ynar*s  operations  \  to  Nov.  80  howe^r,  we 
'♦  abroad  steam-engines  to  the  valne  of  -£1,50^,- 
m  compared  £1,829,578  la  the  oorro^p:)udiug 


thickly  a«d<<m4, 
thr  Hfcct 


eleven  months  if  l.*^r"\  and  £lfilt^itZ^  i 
respituding  11  f  1^60.     Ia  the  jfati 

we  only  cil\<  kio-en^fru-^  to  rts^ 

£1.097,278.  Hu  thAi  ihi  :  t^l 

of  our  expi>ria  is  Mimiii  i  ^  iif  | 

nui  '  V         1    very    itttk*   yorutioQ, 

wi  Imt   the  case  ircmld 

otlK...<.^   ^<..;    ti>r  the  augmented  4m 
Hussla. 

EM  AM  KLiNa  or  iBoy  Vcusvu. — ^Ttie  i 
saucepans  and  other  article*  in  wnm^f 
iron  has  long  been  practiood,  a  very  lks^4 
reduci.^  to  powder  being  s|iriokled  ov^  tliti 
of  the  iron  when  heated  t«  r,Min*. 
mix  t  ures  employed  consist  *  • 
cates,  the  enamel  is  not  tct)  *fld 

withsUnd  octdH  or  even  salt  I  h^  it  id*.     An  1 
prtHiess  haft  been  intri:>ducM  in  Fr««r^     Ths  i 
surface  is  brought  in  c*' 
or  dinar)'  white  glass,    ^ 
the  iron  is  said  to  to  o\  'un^oMh 

silicic  acid,  and  the  gi  . 
body  with  the  melal.  1 
be  laid  on  as  thinly  or  as 
thin  coating  is  better  as  re^rd'. 
pans  ion  or  dilatation.  I 
in  ccuiting  the  armor  pi  ; 
above  indicated. — Seienttjic  .imerxiuu 

AftCBlTECTVRAl  LiBBAJlT.—Tlie  X^-w  Tr.rlt<^S>.1 
ter  of  the   American   I 
propose  to  establish  in  New  \ 
on  architecture  and  the  cogiuiu*  . 
of  students^  not  of  architeeture 
branches  knOMH  as  industrial  designing,     isi  i 
eel  lent   tendency  of  Mich  an  efttcvprfie  I*  oW 
The  more  our  architects  km»w,  the  b<iUt<^iaAi 
economical  will  our  buildings  lie.     The  mmlm 
the  Chapter  have  already  bt'eun  i  srit.^Tt;4^*i 
those  who  arc  fntcre<t«d  s\\ 
Bloor.  Secretary.  42  East  Y 
Tork. — Harper* t  Magazine. 

EDCCATtOK — A  Convention      f   At  v:-ia   1'^ 
logi<tts  will  meet  at  Poii>ctiki<p'«.ic*  oniWiiA    ij 
of  next  July,  to  connider  umw  \rr'  .  .«^4^*J  ^m^-     I 
tions,  OS.  How  much  time  In  r/>n.'^ 
to  the  study  of  language  1     H*>m 
languages?     What  is  the  bi 
tion    in    the  classical    lang 
should  be  given  to  the  "♦  •  '  m><i**i  i^n 

guage  in  colleges  and  '-li  * 

signed  by  many  of  the  t  ^  td 

scholars  in  the  country.  oikI  tbo  moetiqg  srit)  mt 
doubt^dty  be  both  Intar^tUig  aM  mrx^omSit'^ 
Harptfi  Magaaine, 

GaKAT  Aar  Pane  iir  Frasjok. — lo  th»i 
Au^ist  It  to  take  place  the  first  awsfd 
great  prlio  of  lOO.OOOf.  instituted  by  the 
Napoleon  HI.  to  be  volod  by  the  Academy  •fi 
Beaux  Art*  and  the  Instlfnu^  of  f  rancc  V»  lk« 


Mi'tt^  I 


M 


French  artist,  painter. 

nr  architsii  a^ 

.shall  hnvo  produced,  aiM- 

<^^pM*4««to 

the  five  vears  prrcedliM   ^> 

t^  fheiPiM,* 

work  of  great  oxcellena»>.     T 

ticooiia'^ 

thirty  meml>CPS  — ten  »»t'ti^T.! 

•jiTrfs.  mi 

ten  arebltecta.     Id  oaa^ 

lUfl 

Jury  should  beoomo  osti 

yr 

will  retire  from  It,  and  tbL'ir  pUrtts  «lU  be  QUfd^ 
by  the  Acadomy.— J5t*i7</ir4|f  AVim. 
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BILATIONB  OF    SAFE  LOADS   TO  ULTIMATE 
fiTBENOTH. 

Bj  Lient.  0.  B.  Duttov. 
(Coatiooed  from  page  SOI.) 

A  eomprehensive  series  of  experiments, 
■lited  with  exhaustive  theoretical  investi- 
grtkm  into  the  relation  of  safe  loads  to  ul- 
tfanate  strength  is  greatly  needed.  Not 
aerely  are  there  wide  differences  in  the 
nctioe  of  the  most  accomplished  engineers 
m  tliis  respect,  hut  even  the  fundamental 
prinoiples  upon  which  the  various  practices 
ire  founded  seem  to  he  arbitrary  rather  than 
nlioiMd.  In  England,  where  experiences 
We  been  wider,  and  where  the  economical 
Mpeets,  certainly,  of  engineering  have  been 
man  AMiduously  cultivated,  the  arbitrary 
dAncter  of  practice  is  a  marked  feature. 
TI11189  the  Board  of  Trade  regulations  pre- 
■eribe  that  the  working  load  shall  never 
nb|6ct  any  part  of  an  iron  structure  to  more 
than  ^Ye  tons  of  tensile  strain  per  sq.  inch. 
It  ia  obvious  that  the  nearness  of  this  stand- 
ard to  the  highest  economy  will  depend,  in 
a  great  measure,  upon  several  oonsidera- 
fianSv  either  one  of  which  may  modify  ex- 
leasiTely  its  value.  First,  the  resistance  of 
wrooght  iron  to  oruHhing  is  less  than  to  ex- 
JBiiop,  whether  we  take  its  ultimate  resist- 
ttioe  or  its  moduli  of  elasticity.  The  ratio 
«f  lliese  two  resistances  may  be  stated  at  i, 
•a  that  if  five  tons  per  square  inch  are  just 
a  lafe  load  for  tensile  strains,  they  are  un- 
ula  for  compressive  strains ;  and  since,  in 
girdars  of  a  aymmetrical  cross  section,  these 
Vol.  I.— No.  7.-39. 


two  strains  are  equal,  the  fallacy  of  such  a 
standard  becomes  apparent.  Secondly,  the 
qualities  of  different  grades  of  iron  differ 
widely  both  in  respect  of  tensile  strength 
and  homogeneity  ;  and,  it  may  he  added,  in 
the  ratio  of  tensile  to  compressive  resist- 
ance— circumstances  whose  modifying  effect 
is  too  plain  to  need  comment.  Thirdly,  the 
details  and  kind  of  structure  may  be  such 
that  vital  parts  may  he  exposed  to  strains 
more  complicated  than  simple  tensile  or 
compressive  stress,  the  exact  nature  of 
which  may  not  be  fully  ascertained  nor  con- 
templated in  such  an  estimate  of  strength. 

Other  considerations  may  also  be  suggest- 
ed, which  show,  in  the  aggregate,  that  no 
such  arbitrary  standard  can  insure  the  high- 
est economy  of  strength  consistent  with  per- 
fect safety.  The  wide  differences  of  opinion 
on  this  subject  may  be  illustrated  by  stating 
that  when,  a  few  vears  ago,  it  was  made  a 
subject  of  special  inquiry  by  Parliament, 
Mr.  Glynn,  in  his  evidence,  recommended 
that  a  cast  iron  bridge  should  never  be  load- 
ed beyond  one-tenth  of  its  ultimate  strength. 
Mr.  Stephenson  and  other  accomplished 
builders  recommended  one-sixth,  and  Mr. 
Brunei  thought  one-third,  or  even  two-fifths, 
a  safe  margin.  Perhaps  there  is  less,  much 
less,  difference  in  the  practice  of  to-day  than 
in  that  of  twenty  years  ago;  the  various 
factors  of  safety  ranging,  generally,  between 
one-fourth  and  one-sixth.  But  even  here  it 
may  be  fairly  asked,  how  much  of  this  ap- 
proach to  uniformity  is  merely  arbitrary, 
and  how  much  is  founded  upon  sound  theory 
and  carefully  considered  practical  and  expe- 
rimental results.  Probably  a  ereat  deal  of 
the  former,  and  very  little  of  the  latter. 
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With  the  increased  knowledge  now  pos- 
BCBsed  of  the  nature  and  properties  of  iron, 
and  its  behavior  under  loads,  it  would  seem 
that  a  series  of  experiments  might  be  insti- 
tuted with  a  fair  prospect  of  most  valuable 
results*  In  the  smaller  structures,  which 
are  thrown  up  daily  in  our  cities  and  over 
streams,  the  matter  may  not  possess  such 
vital  importanoc,  though  even  here  the  fre- 
quent failures  recorded  call  loudly  for  re- 
form. 

But  the  tendency  of  to-day  is  towards 
structures  which,  a  few  years  ago,  would 
have  been  thought  as  romantic  as  air  castles, 
and  in  these  economy  possesses  a  vital  im- 
portance ;  indeed,  may  frequently  constitute 
just  the  difference  between  the  practicable 
and  the  impracticable.  With  every  increase 
of  fli«e  the  weight  of  a  structure  bears  a 
larger  ratio  to  its  strength »  so  that,  with 
given  proportions  of  members,  it  is  easy  to 
calculate  the  limit  at  which  ihe  whole  avail- 
able strength  of  it  is  employed  in  austaiuing 
its  own  weight.  It  is  clear*  then,  that  every 
new  acquisition  of  knowledge  which  will  en- 
able us  to  determine »  with  tolerable  certain- 
ty, the  smallest  margin  of  safety,  amounts 
to  an  extension  of  the  limits  of  practicabil- 
ity^ and  to  a  deoidcd  facility  in  constructions 
within  those  limits.  We  hope  to  indicate 
the  directiuns  in  which  theoretical  and  ex- 
perimental research  may  become  useful,  and 
the  facts  which  may  be  made  the  basis  of 
investigation, 

1.  The  behavior  of  materials,  particularly 
of  iron  and  steel,  under  those  strains  which 
can  be  produced  experimentally,  should  be 
especially  and  primarily  noticed.  It  seems 
to  us  that  the  use  of  the  ultimate  strength 
of  iron,  as  a  standard  of  reference  in  deter- 
mining its  available  strength,  is  bad  in  prin- 
ciple. Ultimate  strength,  in  its  general  ac- 
ceptation, means  the  resistance  of  a  standard 
bar  or  rod  of  the  material  to  rupture  by 
forces  applied  to  it  when  new,  and  applied, 
too,  during  a  very  brief  portion  of  time, 
possibly  only  onoe.  The  testing  machines 
usually  employed  exert  their  power  upon 
bars  of  metal  fresh  from  the  forge,  and  rend 
them  by  a  single  effort  in  a  few  seconds  or 
minutes.  There  is,  in  all^this*  nothing  ana- 
logous to  rupture  produced  by  protracted 
wear  and  tear.  We  must  consider,  not 
merely  the  well  known  fact  that  materials 
change  their  molecular  structure  by  time, 
and  the  long  continued  and  repeated  appli- 
cations of  forces,  but  that  the  amount  and 
kind  of  change  so  effected,  and  the  e^Lact 


results   upon   its    strength    are  qcitc 
known. 

2.  Still  more  pertineDl  to  the  c*m  w  \ 
fact  that  the  ultimate  strength  is  of  P 
consequence,  because  no  structure  in« 
subject  to  strains  beyond  the  limit*  trf 
ticity.     The  force  under  which  mmrktd  i 
permanent  changes  take  pli&ce  in  the  J 
or  dimensions  of  the  materials  u^ed  ia  ne 
sarily   without  the  limit  of  safety,  for  i 
knowledge  of  materials   assures  us  ihall 
such  a  case   rupture   is  merely  a  ffiattif  j 
time.     This   lower  limit,  then,  i»  th« 
one  which  practically  bears  upon  tke 
and  its  relation  to  the  higher  one  of  mltii 
strength  is  by  no  means  understood.     li] 
even  doubtful  whether  any  definite  ffl 
exists  at  all. 

Experiments  upon  the   ultimate 
strength  of  materials  have  been  nn 
and  almost  exhaustive*     Nearly  eTcry  b«t 
treating  of  materials  contains  tolerably  «ibp 
plcte  tables,  both    of  tensile,    rc*inpf*«»*< 
and  transverse  strength,  deterii  ^ 
mentally.     What  is  far  more  « 
reliable  table  of  strains  at  whit: 
materials  begin  to  elongate,  or 
permanent   set.      To   deduce    * 
from  the  ultimate  strength  19  iu.^ 
the   following  examples,  found  in    : 
will  show.     The  experiments  were  ri**».i.  '-; 
Mr*  Brunei. 
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The  iron  used  was  the  best  TorkMhtre, 
hammered  in  rods  |'^  and  J^'  fqnart. 

We  must  here  lay  down«  as  well  a*  wttn 
able,  what  we  understand  by  the  limit  «f 
elasticity  in  any  particular  case.  In  ^^ 
preceding  table  the  specimens  ost^fOFJbljti^ 
gin  to  change  their  forms  and  dimvoiicoi 
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er  a  stress  somewhere  near  three-fourths 
breaking  stress.  Bat  it  is  well  known 
,  both  wroaffht  and  cast  iron  take  perma- 
t  set  at  far  lower  stresses.  Indeed,  it  is 
rted  by  some  eminent  authorities  that 
application  of  force,  howeyer  slight, 
produce  permanent  change  in  iron, 
igh  the  change  may  be  so  small  as  to 
pe  detection  by  the  most  delicate  mea- 
tments.  Allowing  this  to  be  true  (for 
«  is  no  intrinsic  improbability  in  it,  al- 
igk  it  has  no  practical  importance)  is 
e  any  essential  difference  between  the 
produced  by  the  application  of  twenty 
per  inch,  and  that  by  the  application  of 
ton,  excepting  the  difference  in  degree  ; 
ther  words,  is  there  any  essential  differ- 
)  in  the  nature  of  the  changes  produced 
he  two  cases  in  the  molecular  arrange- 
t  of  the  material  ?  We  venture  to  sug- 
that  there  is  an  essential  difference.  It 
rell  established,  by  many  experiments, 
iron  stretched  by  weights  not  exceed- 
say,  onc-thiri  the  ultimate  strength, 
imes  nearly  its  original  dimensions ;  but 
exactly.  The  difference  is  called  the 
We  are  left  to  infer  that  this  difference 
he  result  of  certain  molecular  changes, 
can  only  surmise  their  character.  Some 
t  may  be  thrown  upon  the  subject  by 
lectiog  together  the  following  facts.  All 
eties  of  iron  consist  of  agglomeration  of 
ate  crystals,  octahedral  in  their  funda- 
ital  forms,  but  in  most  cases  also  fibrous 
oinutely  acicular,  both  in  cast  or  wrought 
.  The  major  axes  of  these  crystals  have 
indency  towards  parallelism;  i,  e,,  the 
I  of  a  considerable  portion  of  the  crystals 
parallel,  or  approximately  so.  In 
sght  iron  this  tendency  towards,  or  ac- 
,  parallelism  is  produced  by  the  ductile 
on  of  rolling  or  hammering,  compelling 
molecules  to  slide  over  each  other  in  one 
ction,  during  which  process  they  most 
lily  assume  the  acicular  or  fibrous  struc- 
.  In  cast  iron,  also,  a  definite  arrange- 
it  takes  place  in  parallel  facets,  by  rea- 
of  the  escape  of  heat  in  particular 
ctions  (f.  e.,  in  lines  normal  to  the  near- 
lurfiEice  of  the  mass)  in  passing  from  the 
I  to  the  solid  state.  It  is  not  essential 
be  fibrous  condition  that  all,  or  nearly 
the  crystah)  should  be  parallel,  but  that 
•nsiderable  portion  of  them  should  be  so, 
ciently  to  indicate  a  tendency  to  paral- 
un  in  a  particular  direction  in  preference 
ny  other, 
n  the  case  of  wrought  iron,  when  the 


peculiar  a<tion  of  rolling  and  hammering  is 
considered,  it  is  more  than  probable  that 
some  of  thefibers  are  left  in  a  state  of  ini- 
tial tension,  md  others  in  a  state  of  initial 
compression.  Under  such  conditions  the 
application  of  even  a  slight  degree  of  force 
may  be  sufficient  to  produce  molecular 
change  at  point)  where  such  tensions  exist. 
In  the  case  of  tensile  stress,  the  limit  of  co- 
hesion between  *;wo  contiguous  atoms  may 
thus  be  exceeded  and  a  redistribution  of 
atoms  will  be  moit  likely  to  take  place  by 
the  sliding  of  othe:  atoms  into  the  interval 
produced,  so  that  wken  the  stress  is  removed 
the  tendency  to  a  perfect  restoration  is  re- 
sisted at  this  particular  point.  In  the  case 
of  compressive  stress,  the  atoms  at  points  of 
initial  compression  miiy  be  thrust  out  of 
their  original  situations,  and  contact  effected 
between  atoms  which  were  before  separate, 
and  the  tendency  to  restoration  after  the 
removal  of  the  stress  no  longer  exists  at 
these  points.  If  we  suppose,  as  is  most 
natural,  that  these  initial  forces  are  of  all 
degrees  of  intensity  between  zero  and  the 
limit  of  elasticity,  we  have  here  the  expla- 
nation of  the  phenomena  of  permanent  set. 
The  effects  just  described  will  be  approxi- 
mately proportional  to  the  forces  applied. 
And  so  we  find  it  very  nearly  in  practice. 
There  are,  it  is  true,  departures  from  the 
ratio,  but  not  greater  than  might  be  expect- 
ed from  the  imperfect  homogeneity  of  the 
metal. 

A  single  application  of  stress  producing  a 
perceptible  set,  and,  according  to  the  views 
just    expressed,    occasioning    a    molecular 
change  in  the  metal,  need  not  sensibly  im- 
pair the  strength  of  the  iron,  for  the  rear- 
rangement of  the  atoms  may  be,  and  in  most 
instances  probably  is,  as  favorable  for  further 
resistance  as  the  original  one,  if  not  more  so. 
Many  repetitions  of  the  stress,  however,  or 
the  constant  action  of  vibrations  during  a 
continuous  stress,  may  produce  arrangements 
i  less  favorable.     The  tendency  to  assume  the 
form  of  large  specular  crystals  seems  to  be 
I  very  decided  under  such  conditions,  at  least, 
.  if  the  strain  be  tensile.     The  whole  mass 
I  being    elongated,   and    the    intermolecular 
;  spaces  being  increased,  there  is  afforded,  as 
I  it  were,  a  sort  of  facility  to  the  atoms   to 
I  obey  those  laws  of  crystallization  inherent 
i  in  the  constitution  of  all  solid  matter.     Ob- 
servation and  experiment  confirm  this  view. 
'      If  there  is  any  measure  of  truth  in  the 
!  foregoing  speculations,  it  follows  that  there 
I  is  a  limit  of  stress  at  which  the  cohesive  power 


mi 


VAN  NOSTRA^D'S  ENGINEERING  MAGAZINE. 


of  every  portion  will    be  excee<^tl,  and  a 
general  change  in  the  structure  *f  the  mass 
will  supervene.     If  the  constitttion  of  the 
niftterial  is  such  that  the  atoms  ^m  rearrange 
themselves  readily,  the  materii>i  will  behave 
like  a  tougih,  pasty  mass,  elongating    con- 
siderably, dminishing   in  sia^  ktendly.     If 
it  b  Btrongly  cry stu) line,  anl  the  atoni«  re- 
fttse  to  rearrange  themselves,  rupture  ib  im- 
mediate.    The  former  is  tie  ca*»e  with  gm>d 
wrought  iron,  and  the  latur  with   cai^t  iron. 
In  a  similar  connection  3lr,  Zerah  Colhurn 
remarks,  '*  It  would  he  htereating  to  know 
the  successive  positions  of  the  atoms  during 
the  application  of  the  sTtrain.     We  are,  how- 
ever, without  any  positive  knowledge  of  the 
positions  which  the  iUmn*'  assume  in  soliditi- 
eation,  and  under  subsequent  forging ;   but 
.the   multifarious  forms  in  whieh  all   atom?; 
visibly  crystallize  Bcrve  to  show  nn  that  they 
cannot  all  be  at  equal  distances  from  each 
other  throughout  the  whole  body.     If  they 
were,  the  arrangement  would  be  that  of  can* 
non  balls  in  a  triangular  {nramidal  (or  pris- 
matic) pile.     Could  we  visibly  represent  the 
atoms  as  occupying  the  angles  of  an  infinite 
number  of  equilateral  triangles  we  should 
understand  that  a   linear    strain,  acting  to 
separate  any  two  of  the  atoms,  would,  at  the 
same  time,  draw  a  third  atom,  if  not  a  num- 
ber of   atoms,  partly  between   them.     And 
when,  from  this  intrusion,  the  repulsive  force, 
always  enveloping  the  intruding  atom,  had 
once  overpowered  the  attractive  or  cohesive 
force  existing  between  the  two   atoms  thus 
strained  apart,  these  would,  in   turn,  cohere 
anew  to  the  atom  which   had  trcen  drawn  in 
between  them,  and  thus*  we  shuuld  have  a 
permanent  rearrangement  of  the  atoms,  or, 
in  other  words,  a  permanent  set  with  perma* 
neut  elongation  in  one  direction,  and  per- 
manent contraction  in  a  plane  at  right  angles 
thereto.     That  the    atoms  are    thus  drawn 
into  parallel  rows  in  many  kinds  of  iron,  at 
least,  seems  evident  from  the  appearance  of 
fracture,  whieh  presents  stringy  collections 
of  particles,  forming  what  is  commonly  called 
fibre,   although    there   ia    great   reason    for 
doubting  that  anything  like  fibre  existed  in 
the  iron  before  it  was  broken.     Mr.  Kirk- 
aldy's  recent  experiments  appear  to  show, 
as  many  others  have  shown,  that  iron  may 
he  made  to  break  short,  or  to  break  with  an 
ippearanee  of  fibre,  just  a<^eording  as  it  is 
broken  with  a  sudden  blow  or  gradual  pull."* 
We  attach  slight  importance  to  the  con- 
clusions from   Mr,  Kirkaldy^s  experiments, 
ftiiice  th<^j  furnlBb  only  negative  evidence, 
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I  against  whieh  may  be  cited  pMitiTt 
of  the  strongest  kind.     ITKiijr 
I  that  the  iibrti  is  not  ApMmal  wWl 
f  suddenly  broken.     On  Utm  oilier 
[  not  only  diHtinetlj  apparent  wbeo  it  it 
gradually  in  the  direction  of  il#  '     ~ 
when  pieces  cut  from  a  bar 
pulled  asunder  the  surfaces  of  ni|Um 
uumi.stakHble  indications  thai  we  ut 
ing  a  ^ide  view  of  the  fibre.     Fiaall^^j 
strength  of  wrought  iron  is  from  two  ta  ^ 
times  greater  in  the  direct 
fibre  tlian  in  a  direction  v 
showing  that  the  arr 
stituent  particles  diti 
directions. 

We  think  some  confirmation  of  the 
wc  have  set  forth  will  be  fmtnd  in  ihi;  btA, 
that    rods   of    wrought  ir»»i>     >ii*f'j<^tji, 
gradual  pulls  beyond  the  1 

have  their  strength  not  qu[^  u i^^'vifi 

actually  increaaod  by  the  strain.  If  i[ 
fragments  of  a  broken  rod  be 
again  to  rupture,  the  forces  ret|aired  U» 
it  in  each  fragment  are  almost  alvayi 
dedly  greater  than  that  accompliakiiif 
first  rupture.  This  increase  of  5trim§t£ 
be  found  to  be  more  decided  in 
to  the  softness,  or  ductility  of  the  ireak 
Doubtless  the  same  oausc3  which 
this  effect  produce  also  the  great  ti 
strength  imparted  to  iron  aotl  ^t.vj 
J  drawn  into  wire.  Mr*  Barlow 
sult-s  of  experiments  made  at  t 
dockyard  with  reference  to  tbib 
which  show  an  increase  amoun 
cases,  to  18  per  cent.  Mr.  ( 
tiona  the  experiments  of  Mr.  T 
engineer  to  the  Admiralty,  mi 
Crown  S.  C  iron,  Ig  inchr- 
4^  feet  long.  The  mean 
at  the  first  breakage  was  -.> 
square  inch.  At  the  second  i 
mean  strength  was  25. 8G  tons  f>er  sifiitff 
inch.  At  the  third  breakage  it  wa  ^.06 
tons  per  square  inch.  At  the  foorlli  htmk* 
age  it  was  29.2  tons  per  square  iacli.  IV 
mean  strength  at  the  last  breaksff  wa 
about  22  per  cent  greater  tban  at  the  im* 
Mr.  Col  burn  suggest-s,  as  an  obvioiiif  cxpli* 
nation,  that  the  bars  first  bruka  at  lh«  well- 
est  point,  then  again  at  the  next  w<«kc^ 
and  so  on.  But  this  seems  to  disr^tfd  l^ 
fact  that  these  bars  elongated  seTeral  mtk^ 
before  breaking,  which  must  ncoeatarily  !•• 
volvc  a  complete  rearrangement  of  iM  f«iH 
stituent  atoms  throughout  its  ma^i,  m>  iIia* 
the  aection  of  minimuni  &treOL'th  rA»  »^ 
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iliBtlj  altering,  if  not  its  position,  certainly 

ill  uitimate  struoture.     The  process,  on  the 

itntrarj,  seetns  to  us  quite  analogous  to 

vira-drawing,  the  atoms  arranging  them- 

.  tdves  more  and  more  thoroughly  in  the  form 

<  if  parallel  fibres,  whioh  is  the  position  most 

r  fcf  orable  for  tensile  resistance,  until  a  maxi- 

■am  of  parallelism  is  reached,  and  therefore 

aiaaximum  strength. 

Taking  into  consideration  the  nature  and 
ftraetare  of  cast  iron,  it  can  hardly  be  ex- 
peetod  that  it  ean  be  as  strong  after  the 
q»|^eatUHi  of  severe  strains  as  before.  Rup- 
tare  miut  always  ensue  whenever  the  elastic 
Emit  is  exceeded.  A  continued  repetition 
ef  strains  ought,  upon  the  foregoing  princi- 
ples, to  deteriorate  the  strength  by  the  suc- 
cessive rupture  of  the  cohesion  of  detached 
pMDts.  Experience  in  cast  iron  guns  leads 
to  this  conclusion,  but  exhaustive  experi- 
nents  upon  various  forms,  with  stresses 
variously  applied,  are  much  needed. 

The  following  valuable  considerations  by 
Mr.  Golbum  are  added:  '*In  a  paper  of 
peat  Vdilue,  read  nearly  seven  years  ago 
Sefore  the  Royal  Irish  Academy,  and  after- 
wards published  in  a  quarto  volume  entitled, 
*0n  the  physical  conditions  involved  in  the 
eonstmction  of  artillery,'  Mr.  Robert  Mallet 
has  laid  down  a  useful  measure  of  the  work- 
ing and  ultimate  strength  of  iron.  Poncelet 
had  already  employed  co-efficients,  which 
indirectly  expressed,  not  merely  the  elastic 
limit  and  breaking  strength  of  iron,  but  the 
range  also,  through  which  the  force  acted  in 
eaeh  ease,  in  reaching  these  limits.  Mr. 
Mallet  has  adapted  these  co-efficients  to  the 
English  standard  of  mechanical  work,  viz, 
*foot  pounds;'  and  he  represents  the  struc- 
tural value  of  different  materials,  or  of  differ- 
ent qualities  of  the  same  material,  in  one 
ease,  by  the  product  of  the  elastic  load  in 
pounds  into  half  the  range  in  feet,  or  parts 
of  a  foot,  through  which  it  acts,  and  in  the 
other  case  bv  the  breaking  weight  in  pounds 
multiplied  also  bv  half  the  range  in  feet,  or 
parts  of  a  foot,  through  which  it  acts.  Mr. 
Mallet  employs  Poncelet's  co-efficients  as 
follows : 

T  c  s  foot  pounds  in  reaching  elastic  limit 
of  tension. 

T  r  =  foot  pounds  to  produce  rupture  by 
tension. 

T'e^  foot  pounds  in  reaching  elastic  limit 
of  compression. 

T  V  =  foot  pounds  to  produce  crushing. 

"  One-half  the  weight  into  the  whole  exten- 
KOtty  or  the  whole  weight  into  half  the  ex- 


tension, is  adopted,  because  the  force  gradu- 
ally applied  to  break  the  bar  must  increase 
from  nothing  to  the  breaking  weight.  Upon 
Dr.  Hooke's  law,  ut  tensio  He  vis,  the  weight 
of  a  grain  will,  in  some  minute  degree,  de- 
flect or  extend  the  heaviest  bar  of  iron,  and 
the  deflection,  or  extension,  will  increase 
progressively  with  the  weight  applied,  up  to 
the  point  of  rupture.  Therefore,  if  a  bar 
be  stretched  one  foot  and  then  broken  with 
a  weight  of  33,000  pounds,  the  work  done 
will  be  the  mean  of  zero  and  33,000  pounds 
into  one  foot,  or  16,500  pounds.  This,  as 
has  been  said,  is  the  work  done  in  the  case 
of  a  gradually  applied  strain.  If,  however, 
the  weight  be  applied  without  impact,  yet 
instantaneously,  upon  the  bar,  it  will,  so 
long  as  the  limit  of  elasticity  be  not  exceeded, 
and  supposing  the  bar  to  have  no  inertia, 
produce  twice  its  former  deflection  and, 
therefore,  twice  the  ultimate  strain.  For 
the  weight,  in  falling  through  the  distance 
of  the  deflection  due  to  the  load  at  rest,  will 
require  momentum  sufficient  to  carry  it 
through  an  additional  distance  equal  to  the 
static  deflection.  This  may  be  best  demon- 
strated experimentally  with  the  aid  of  a 
spring  balance.  If  upon  the  pan  of  a  balance, 
sufficiently  strong  to  weigh  up  to  40  pounds, 
a  weight  of  15  pounds  be  placed,  and  this 
be  lifted  to  zero  on  the  scale  and  there  re- 
leased, it  will  descend  momentarily  to  nearly 
30  pounds  on  the  scale,  and  were  there  no 
opposing  resistances,  and  had  the  spring  no 
inertia,  it  would  descend  to  exactly  30  lbs. 
In  the  actual  application  of  strains  in  prac- 
tice a  weight  is  never  thus  applied,  but  a 
consideration  of  what  would  occur  under 
such  circumstances  is  sufficient  to  show  how 
important  it  b  that  vibratory  action  be  not 
overlooked  in  considering  the  strains  on 
bridges.  It  is  to  be  remembered  that  this 
action  of  suddenly  applied  loads  is  only 
manifested  in  the  case  of  the  application  of 
weights,  for  if  the  strain  be  produced  by  the 
sudden  admission  of  steam,  or  any  other 
practically  imponderable  body,  no  additional 
deflection  will  take  place  beyond  that  due  to 
the  pressure  acting  statically.  If  steam 
pressure  acted  in  the  same  manner,  in  this 
respect,  as  a  weight,  the  steam  indicator  would 
show  nearly,  or  quite,  double  the  pressure 
acting  effectively  within  the  cylinder  of  the 
engine." 

it  will  not  be  attempted  in  the  present 
paper  to  discuss  fully  the  co-efficients  adopted 
by  Mr.  Mallet,  for  there  are  objections 
against,  as  well  as  reasons  in  flavor,  of  their 


582 


VAN  NOSTRAND^S  ENGINEERING  MAGAZIKE- 


I 

I 
I 
I 
I 


^ 


application.  It  is  evident  that  T  r  may  be 
iha  same  in  two  cases,  in  one  of  wliicb  a 
high  breaking  weight  is  exerted  through 
a  very  short  distance,  and  in  the  other 
of  which  a  low  breaking  weight  produces 
stretching  through  a  correspondmgly  greater 
distance.  But  thiB  co-effielcnt  does  possess 
a  value  in  taking  account  of  the  conihiDed 
cohesive  force  arid  extensibility  of  iron,  in- 
Btead  of  the  breaking  strength  alone.  Glass 
has  a  high  cohesive  forcc»  bnt  is  useless 
under  strain,  on  account  of  its  hrittleness, 
while  india-rubber  has  great  extensibility, 
or  toughness,  with  but  slight  cohesion.  The 
products,  therefore,  expressed  by  the  co-effi* 
cients  in  question  do  not  uffortl  a  complete 
notion  of  the  practical  value  of  a  given 
mat^irial,  unless  the  factors  whereby  these 
products  are  obtained  are  aL*^o  given.  The 
elastic  limit  of  ir*m,  however  low,  is  not  to 
be  exceeded  in  practical  use,  whatever  its 
range  of  elasticity  may  be;  nor  does  it  ap* 
pear  to  be  prudent  to  work  into  the  neigh- 
borhood of  a  high  elastic  limit,  when  the 
clastic  range  is  known  to  be  small.  It  is 
not  to  be  understood  that  the  co-efficients  in 
question  are  intended  to  be  applied  other- 
wise tbiin  in  the  comparison  of  bar^  of  equal 
length,  else  it  would  result  that  the  measure 
T  c,  in  a  bar  5U  feet  long,  was  one  hundred 
times  greater  than  that  of  a  bolt  i*ix  inches 
long,  and  of  the  same  material  and  sectional 
area.  For  the  purposes  of  the  engineer  not 
only  is  a  long  bolt  no  stronger  than  a  short 
one,  hut,  as  it  can  be  no  stronger  than  its 
weakest  part,  it  will  follow  that  the  average 
strength  of  IIJU  bolts  six  inches  long  is  likely 
to  be  greater  than  that  of  a  bolt  of  the  ?*amc 
diameter  50  feet  long.  Every  engineer  is 
aware  of  the  import  a  nee  of  toughness  in  com- 
bination with  cohesive  strength  in  iron,  Ivut 
we  need  much  more  extensive  and  accurate 
information  rc>pccting  the  former ;  and  a 
consideration  of  Mr,  Mallet *s  co-efficient 
should  lead  to  additional  experiments  being 
undertaken, 

I^Ir.  Kirkaidy,  proceeding  upon  an  inde- 
pendent course  of  inquiry,  but  with  the  same 
object  as  that  pursued  by  Mr.  Mallet,  pub- 
lished some  time  ago  the  results  of  a  series 
of  experiments,  which  are  the  first  upon  any 
thing  like  an  extensive  scale,  to  take  into 
account  the  combined  cohesive  force  and 
extensibility  of  iron  und  steel.  Mr.  Kirkaldy 
experimented  uprm  hundreds  of  specimen?, 
but  he  did  not  ascertain  their  limits  of  elasti- 
city. He  has  given  both  the  original  di- 
mensions and  cross-sectional  area,  and  the 


dimensions  and  area  after  fracture,  mdj 
has  also  given  the  amount  of  eloii| 
fracture,  although  he  did  not  aseer 
amount  of  extension  at  the  e Untie 
The  reduction  of  diameter  nf  a  bar  M 
joint  of  fracture  serves  to  give  a  practi* 
man  a  good  idea  of  the  quality  of  likf  i 
but  it  does  not  admit  of  an  expressios  oil 
mechanical  work  done  in  producing  fVaets 
as  does  the  combined  breaking  wei^lit 
linear  extension.  In  tearing  a  b-iir  hi  tv^ 
also,  we  have  to  consider  the  penniac 
stretch  oommunicuted  to  all  parts  altle,  i 
the  additional  stretch  at  or  near  th? 
of  fracture.  Thatpartof  the  , 
extends  uniformly  throughou  i 
we  may  suppose,  bo  exactly  ; 
the  length  of  the  bar,  while  t  _  ^  : 
stretch  which  takes  place  elo«»e  to  the 
of  fracture  would,  wc  may  also  supf 
a  fixed  quantity,  whatever  the  lengl' 
bar.  Mr,  Kirkaldy 's  s|)ecimens  of  i 
steel  varied  from  2.4  inches  to  8.2 
only  in  length,  and  with  these  the  i 
elongation  at  fracture  varied  frara  BsiHjr 
nothing  to  27  per  cent  of  the  original  1fi|tlt 
wheroa8  longer  barn  would  have  shoirii  i 
proportionally  less  elongation.  The  baiD{»lci 
which  hardly  elongated  at  all  wert  of  pud- 
dled steel  ship-plates.  One  sample,  wbid 
bore  63,098  pounds  per  square  inch  of  f 
original  area,  stretched  before  hreakiiigl»i 
the  Ath  part  of  an  inch  in  a  length  f*f  li 
inches,  or  less  than  Aths  of  one  j>er  truii 
the  length.  Adapting  to  Mr,  Mallet*n 
efficient,  the  structural  value  of  suefa  a  i 
tcrial  would  be  almost  nothing.  Id 
Mr.  Kirkaldv  found  the  puddled  steel  | 
throughout  to  have  much  less  exten 
than  cai^t  ^teel  plates,  and  of  very  ir 
breaking  strength. 

Mr.  Fairbairn  communicated  some  vf  t^ 
results  of  an  important  series  of  i 
to  the  British  Association  at  the  > 
meeting  in  1861,  from  which  it  apf 
that  a  large  model  of  a  wrought  iroa  pUK 
girder  withj^tood,  without  injury,  l,0(H).i 
applications  of  a  load  equal  to  one-fourti  i 
breaking  weight,  and  afterwards  5,175  i 
cations  of  one-half  its  breaking  weight 
it  broke  down.  The  model  was  then  re 
and  25,900  applications  of  two-fifil 
breaking  weight,  and  afterwards  oeari] 
3,000,000  applications  of  one-third  its  bn 
ing  weight  were  made,  it  is  aaid^  withof^ 
injury. 

The  application  of  iron  to  bridgot,  «*P*^ 
oially  to  those  of  large  span,  oei 
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the  most  carefnl  conBideration  in 
.oning  tbe  strains,  since  every  pound 
al  not  broudit  into  effective  action  is 
h  dead  weignt,  or  useless  load,  being 
J  misapplied  of  itself,  but  requiring 
nal  material  to  support  it. 
practice  among  American  engineers 
uniform.  The  factors  of  safety  are 
invariably  as  follows :  For  parts  sub- 
constant  strain,  six ;  and  for  parts 
;  only  to  occasional  strains,  four, 
igures  are  factors  of  ultimate  strength. 
argin  of  safety  has,  in  all  cases,  been 
BO  far  as  we  can  learn. 


TRACTIOS  ENGffiE& 

From  «  The  BDgineer." 

lOUgh  the  very  first  carriage  ever  pro- 
bj  steam  was  constructed  years  before 
rs  were  thought  of,  and,  as  a  natural 
aence,  made  the  first  tottering  essay 
hanioal  locomotion  on  a  highway,  com- 
«ds  still  remain  almost  unavailable  as 
IS  to  locomotion  by  engine  power.  A 
iw  years  since — a  dozen,  let  us  say — an 
prang  into  existence  that  every  port- 
rricultural  engine  might  be,  ought  to 
1  would  be  made  self-propelling,  while 
krge  numbers  of  engines,  specially  dc- 
,  not  to  drive  threshing  machines  or 
8,  but  to  haul  loads,  would  be  built. 
tmen  like  Bray  and  poor  BoydcU  foster- 
a  idea,  and  threatened  the  railways. 
kilway  companies  paid  not  the  least  at- 
1  to  the  matter.  It  could  be  easily 
1,  they  thouffht,  that  steam  on  the 
m  road  would  never  beat  steam  on 
ind  in  a  sense — and  a  large  sense,  too 
i  certain  that  railwav  companies  and 
engineers  were  right  m  this  conviction. 
ftge  for  traction  and  self-propelling  en- 
lied  out.  At  this  moment  it  is  probable 
smaller  number  of  traction  engines  is 
than  at  any  other  period  within  the 
ix  or  eight  years.  The  number  of 
■opelling  engines — that  is  to  say,  of 
m  intended  to  take  themselves  and  a 
I  or  threshing  machine  from  farm  to 
-b  probably  much  greater,  but  it  must 
nembered  that  from  these  latter  ma- 
railway  companies  have  nothing  cither 
e  or  fear  ;  they  add  not  at  all  to  facili- 
r  locomotion,  and  their  abundance  or 
;j  does  not  affect  the  great  problem  of 
orting  heavy  goods  or  materials  on 
m  highways  by  using  steam  instead  of 


horses.  With  limited  exceptions,  the  trac- 
tion-engine system  has  proved  a  complete 
failure.  It  is  true  that  hundreds  of  traction 
engines  have  been  built  here  and  elsewhere, 
and  sent  to  all  parts  of  the  world  and  put  to 
work,  and  have  remained  at  work  till  worn 
out.  But  this  fiftct  is  of  the  smallest  im- 
portance. If  the  traction  engine  had  been 
a  success,  it  would  have  done  for  horse  haul- 
age what  the  locomotive  did  for  the  stage 
coach.  Instead  of  hundreds  of  traction  en- 
gines we  should  have  built,  sent  away,  and 
put  to  work,  thousands. 

No  one  disputes  that  steam  might  be 
employed  with  great  success  on  common 
roads  as  means  of  cheapening  the  transport 
of  heavy  goods  or  materials  of  all  kinds, 
such  as  corn,  timber,  coal,  ores,  lime,  bricks, 
and  such  like  ;  but  neither  does  any  one  dis- 
pute, so  far  as  we  are  aware,  that  steam  is 
not  so  employed  either  here  or  abroad,  ex- 
cept in  a  very  small  and  insignificant  way, 
with  success.  When  it  can  be  predicated  by 
intelligent  engineers  that  a  given  machine 
ought  to  succeed,  while  it  can  be  proved  that 
it  does  not  succeed,  a  problem  is  presented, 
which  we,  as  technical  journalists,  are  bound 
to  consider,  and  if  possible  to  solve.  Let 
us  attempt,  then,  to  solve  this  question, 
bringing,  we  may  add,  without  overstepping 
the  bounds  of  editorial  modesty,  at  least,  a 
little  practical  experience  in  traction  engines 
to  bear  on  the  matter  in  hand. 

It  is  very  commonly  urged  that  traction 
engines  are  not  more  commonly  used  because 
the  law  concerning  them  is  harsh,  repressive, 
and  almost  prohibitory.  Now  even  if  we 
granted  this  statement  to  be  a  statement  of 
facts — and  we  do  not — it  proves  very  little 
for  the  traction  engine  builder.  It  is  true 
that  the  law  prohibits  a  greater  speed  than 
four  miles  an  hour,  and  orders  that  each  en- 
gine shall  be  preceded  when  on  the  road  by 
a  man  with  a  red  flag,  etc.  But,  in  the  first 
place,  this  rule  is  not  very  oppressive,  and, 
in  the  second,  engineers  have  only  themselves 
to  thank  for  its  existence.  Traction  en- 
gines, as  they  are,  are  unutterably  hideous, 
astoundingly  noisy,  and  to  the  last  degree 
offensive  in  the  matter  of  smoke — ^not  only 
to  horses,  but  to  men.  If  it  could  be  proved 
that  these  conditions  are  inseparable  from 
the  system,  then  we  should  have  small  hopes 
indeed  of  the  ultimate  success  of  steam  on  the 
highway.  We  believe,  however,  that  the  ugli- 
ness, noise,  smoke,  and  general  nuisance,  all 
result  from  the  great  fact  that  those  who  have 
built  traction  engines  up  to  the  present  mo- 
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meut  have  not  realised  the  importance  of 
getting  rid  of  the  apecified  objections — or, 
renlii^ing  it,  have  been  unable  to  design  en- 
gines of  better  constniction.  A  glance  at  the 
cuntentii  of  any  agricultural  show  will  prove 
that  the  ruling  principle  guiding  the  makers 
of  traction  engines  is  to  take  the  ordinary 
portable  engine  and  adapt  it  to  drive  a  pair 
of  road  wheels^.  As  a  result,  we  have  an 
engine  without  springs  and  with  all  the  gear- 
ing exposed  to  the  broad  glare  of  day, 
thumping,  and  clanking,  and  grinding,  and 
smoking  along  our  highways.  The  thing  i^ 
a  nuisance,  an  unmitigated  nuii^anee,  and  it 
is  folly  to  deny  the  iiwt.  Worse  than  thib, 
the  nuisance  is  continually  getting  not  only 
its  owners  but  itself  into  trouble  by  break- 
ing down  ;  and  all  this  becaufie  a  machine 
fipeeially  designed  for  one  purpose  is  upplied 
to  another. 

Without  engravingH  it  would  be  impoRsihle 
to  show  what  a  traction  engine  should  be. 
Perhaps  our  portfolio  of  working  drawings 
may  yet  include  one  design,  disposing  of 
mo«t,  if  not  all,  the  objections  concerning 
^moke,  noise,  ugliness,  mid  breakdowns. 
For  the  present  we  shall  content  ourselves 
with  indicating  a  few  of  its  features.  We 
have  stated  that  traction  engines  as  they 
exist  are  a  nuisance,  and  this  in  itself  b  one 
very  sufficient  reason  why  steam  on  the  com- 
mon r<uid  is  not  a  success ;  but  one  or  two 
others  of  even  more  importance  remain  tr>  be 
considered*  The  first  is,  that,  all  things 
considered,  traction  engines  do  not  compare 
favorably  as  regards  the  cost  of  the  work 
done  with  horses  ;  the  second  is,  that  they 
eonsunie  large  i|uantitietf  of  water,  which 
cannot  always  ho  had,  and  that  even  when  it 
can  be  had,  much  time  is  wasted  in  taking  it 
in*  Four  miles  an  hour  running  time,  in  all 
canes  becomes  three  miles  an  hour  including 
stops  to  take  in  water.  We  have  now  put 
before  our  readers,  in  one  way  or  another, 
most  of  the  objections  to  traction  engines. 
Let  us  see  how  they  are  to  be  got  over. 

In  the  first  place,  a  radical  change  must 
be  made  in  the  arrangement  of  the  entire 
machino  as  compared  with  those  now  in  use. 
Instead  of  the  portable  engine,  we  must  take 
the  railway  locomotive  as  our  modeh  The 
first  point  to  be  settled  is  the  oonstruotiou  of 
the  machine  regarded  as  a  carriage.  As  the 
road  to  be  traverHcd  Is  rough,  and  machinery 
does  not  like  rough  roads,  the  two  must  be 
kept  apart  as  far  aa  possible.  Therefore 
instead  of  mounting  a  boiler  half  full  of 
water  on  rigid  wheels  without  the  interposi- 


tion of  springs,  and  m  lieavj,  qitick*ni]EBii|:] 

engine  and  fly  wheel  on  top  of  the  WtWr,i 
must  provide  a  reetrangaUr  frame  uf  inai 
of  oak  between  iron  plates.      The  fratnir  ■■ 
be  supported  on  wheels — pn^fcrmhlT  '^  ' 
— through    the    intervention,    pot 
springs,  but  of  perlectly  efficient  aii : 
springs,  with  india-rubber  bulfinir-j 
take  up  the  last  troee  of  jar  :v  ' 
Next  we  have  to  provide  a  cr.i 
ning  in  brasses  fixed  in  wrougli 
— no  east  iron  except  tbat  tri 
and  a  little  in  the  gem 
in  a  traction  engine — w  i 
be  driven  by  a  pair  of  pistons,  in 
get  rid  almost  or  altogetner  of  tlir  : 
— and  unnecessary  and  object  Ji 
seence,  which  should  have  no  mu».  j 
traction  engine  than  it  h^  on  a  Uk> 

The  next  step  is  to  pr       ' 
the  erank  shaft  when  ri 
hinder    wheels   to    revuKu    aIm*,     Fwi 
there  is  nothing  like  a  chain,  milr  the 
must  not  be  run  toti  fast,  i 
of  bearing  surface,  and  niu  ^f 

tightened  when  it  gets  slack.  V  > nous  mv 
ticalion  of  the  chain  may  be  u^ed,  hut  irt 
will  not  stop  to  consider  tbe»o  jtustniiw.  If 
the  engine  is  intended  to  ran  at  slow  -? 
wnth  heavy  loads,  intermediate  gear 
employed.  On  the  crank  shaft  a  yuiu\ti  13 
to  be  placed  gearing  into  a  spur  wboel  abovl 
H  to  If  and  the  shaft  of  this  ^pur  wheel — ^lyiii 
across  the  frames  in  the  roar  of  the  tnsi 
shaft — will  carry  a  small  chain  wbe*^1,  whili 
a  large  chain  wheel  will  b»'  fued  lo  thftl>«* 
of  one  of  the  road  wIm  t  orbotktif 

which  will  bu  fixed  at  |  h>  thr  ailij. 

When   moderate    speeds   are    a'  'k 

chain  pinion  may  be  fixed  direct  ik 

shaft,  which  may  make  nine  r*  * 

one  of  the  road  wheels*     If  tL^  * 

little  under  6  ft.  in  diameter  tlit; 
about  288  times  per  mile,  or,  at 
hour,  twenty-four  times  per  nr  h 

gives  216  revolutions  per  minuir  1  r  in.  m* 
gincs,  the  cylinders  of  which  ^ould  ii<it  bi 
too  smalt  in  diameter^  Ordinarily,  clcsai 
will  be  worked  expansively  in  tbem.  % 
admitting  it  full  stroke,  sutl  ^vcrimt 

be  developed  to  get  the   ci  a  Ptrtfp 

hill  or  out  of  a  dilioulty,  tki  U^>i  »mh  ft 
difhoulty  as  will  be  encountered  utt  ft  pod 
road — and  five-mile  an  hour  eoginei  tkoiki 
not  work  except  on  good  roads. 

The  character  of  the  boiler  and  the  pnti* 
tion  of  the  c^^Under?  remain  to  bo  m^ttlid. 
In  any  case  the  crank  shaft  should  b«  fktti 
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■  nearly  ms  possible  on  a  level  with  the  road 
Kk — ^wky,  we  shall  not  stop  to  explain.  If 
ie  loeomotiye  type  of  boiler  be  used,  then 
M  elinders  go  into  the  smoke  box ;  but  un- 
Br  oertain  circumstances  it  will  be  found 
est  to  use  a  yertical  boiler  placed  at  one  end 
F  the  frame,  while  a  water  tank  is  placed  at 
le  other,  the  cylinders  being  placed 
urtieally  between.  The  use  of  vertical 
finders  will  not  induce  much  jump,  if 
17,  in  a  heavy  engine ;  and  by  adopting  the 
BKtieal  instead  oif  the  horizontal  arrange- 
Mit  one  great  difficulty  is  disposed  of.  The 
flinders  and  engine  can  be  put  near  the 
poond  and  yet  remain  accessible  and  out  of 
m  dirt.  All  the  machinery  must  be  boxed- 
p  ont  of  sight. 

We  have  yet  to  get  rid  of  the  waste  steam 
id  the  smoke.  By  taking  the  exhaust 
iroogh  a  snperhcating  pipe  in  the  furnace 
m  waste  steam  may  be  rendered  invisible, 
id  the  noise  may  be  completely  obviated  by 
bdharging  from  the  cylinders  into  a  receiver. 
M  regards  smoke,  that  must  be  got  rid  of 
r  the  nse  of  coke.*  We  are  unacquainted 
1th  any  other  expedient  which  will  effectual- 
f  prevent  the  evolution  of  smoke  from  the 
■all  fnmace  of  a  traction  engine.  Its  com- 
nlsory  use  would  be  no  great  hardship. 


THE  SPECTROSCOPE. 

L  the  **  Amerioan  Exobange  and  Reriew.*' 

That  ordinary  or  white  light  may  be  de- 
ompOBcd  by  reft'action  into  what  are  com- 
lonly  known  as  the  "  colors  of  the  rain- 
)Ow/*  is  a  familiar  fact.  Every  transparent 
abstance  of  greater  density  than  that  of  air, 
ad  bounded  by  surfaces  inclined  to  one 
■other,  gives  evidence  of  this  dispersion,  as 
he  separation  into  color  is  technically  call- 
d.  We  see  it  in  the  drops  that  fall  from 
be  elonds,  in  the  flashing  hues  of  the  dia- 
lond,  and  in  the  pendants  of  chandeliers; 
at  it  is  most  conveniently  and  perfectly  ex- 
ibited  bv  what  is  called  a  prism — ^a  piece  of 
lass  havmg  two  surfaces  greatly  inclined  to 
aeh  other.  Light,  after  passing  through 
ay  of  these  dispersive  media,  is  no  longer 
f  simple  and  uniform  whiteness  ;  it  is  trans- 
onned  into  a  series  of  the  most  vivid  and 
lelicate  tints,  melting  into  each  other  by  an 
Bsensible  gradation,  from  a  dark  heavy  red, 
hrongh  brilliant  orange,  green,  and  blue,  to 
I  deep  and  tender  violet.  We  are  not  now 
Kneemed  with  the  inquiry,  how  this  divers- 
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ity  of  hue  is  universally  found  where  refrac- 
tion, or  bending  of  the  rays  of  light,  takes 
place;  and  whether  color  is  so  connected 
with  refraction  that  every  progressive  degree 
of  refraction  produces  its  own  tint,  in  which 
case  each  hue  would  be  simple  and  independ- 
ent ;  or  whether  some,  at  least,  of  the  colors 
may  not  be  of  composite  character.  The 
question  now  seems  to  lie  between  a  super- 
imposition  of  three  bands  of  the  colors  re- 
cognized as  primaries  in  painting — red,  yel- 
low and  blue— equal  in  extent,  but  very 
unequal  in  intensity  in  different  parts  of 
their  length — and  a  continuous  series  of 
literally  innumerable  hues,  each  equally  ele- 
mentary and  self-subsistent,  and  each  pass- 
ing, without  the  least  overlapping,  into  its 
neighbors  on  either  side  by  the  most  delicate 
and  imperceptible  modification. 

The  spectroscope,  an  instrument  invented 
by  Frauenhofer,  is  destined  to  take  rank 
with  the  telescope  and  the  microscope  as  a 
reveaier  of  mysteries.  Its  structure  is  suf- 
ficiently simple,  comprising,  as  its  essential 
parts  (for  the  details  are  subject  to  much 
variation),  a  slit  of  adjustable  narrowness 
between  two  metallic  plates,  to  eliminate  the 
overlapping  of  the  spectra;  a  prism,  or 
rather,  in  order  to  obtain  a  wider  dispersion, 
a  combination  of  prisms,  to  decompose  the 
admitted  but  straightened  ray ;  and  a  small 
telescope,  the  intention  of  which  is  to  mag- 
nify the  spectrum  thus  formed,  and  rendered 
sufficiently  pure  to  exhibit  its  interior  ar- 
rangement, so  as  to  unfold  more  effectually 
its  complexity.  The  investigation  conducted 
by  means  of  this  beautiful  apparatus  is 
known  as  spectrum  analysis,  and  it  is  equal- 
ly applicable  to  every  kind  and  degree  of 
light,  providedfit  retains  sufficient  intensity, 
after  this  unsparing  reduction  and  expansion, 
to  form  a  distinct  impression  upon  the  eye. 

With  the  light  given  out  by  the  terrestrial 
elements  raised  to  incandescence,  a  vivid 
spectrum  at  once  streams  from  the  prism. 
Any  solid  element  thus  ignited  affords  a 
band  of  brilliant  colors,  but  without  the 
crossing  of  a  single  dark  line.  Urge  it  un- 
til it  fiows  down  m  fusion,  still  the  unbroken 
spectrum  remains ;  but  force  on  the  heat  till 
the  material  rises  into  a  glowing  vapor,  and 
the  scene  is  changed.  At  once  the  continu- 
ous spectrum,  the  uninterrupted  stream  of 
color,  common  to  every  ignited  solid  or  fluid 
element,  is  converted  into  a  succession  of 
transverse  lines,  brilliantly  and  variously 
tinted  according  to  their  place  in  the  spec- 
trum,  extreme^  narrow  fragments,   as  it 


were,  of  the  contiimous  spet'tnim,  and  se- 
parated by  intervals,  more  or  less  wide,  of 
darltueas— gaps  where  that  apeetrum  hag  to- 
tally disappeared.  This  is  strange,  and  in 
its  fir»t  impression  strangely  irregular ;  but 
further  exmninatioo  shows  us  a  yet  stranger 
regularity.  There  h  no  rule  as  to  the  thick- 
ness or  ponition  or  grouping  of  the  bright 
lines,  but  we  Bhall  find  that  every  chemical 
element,  whatever  its  nature,  has,  when  in  a 
state  of  vapor,  a  gystom  of  lines  of  its  own, 
and  so  pecaliarly  appropriate  to  iti*elf  that 
the  appearance  or  non-appearance  of  those 
lines  is  an  infallible  eriteriou  of  the  presence 
or  absence  of  that  element. 

The  spectrum,  as  the  baud  of  varied  hues 
is  called,  when  obtained  direct  from  the  aun  by 
refraction — whether  naturally,  as  through  the 
bow  set  in  the  cloud,  or  the  rain  drops  pend- 
ant on  the  leaves,  or  artilieially,  as  through 
a  prism  of  glass  or  other  suitable  material — 
exhibits  nothing  more  than  a  succession  of 
brilliant  tints  passing  gradually  from  red  of 
various  qualities,  through  yellow  and  green, 
to  blue,  deepening  into  violet.  But  a  little 
eonsideratiitn  will  show  us  that  these  colora, 
however  compounded  in  their  own  nature, 
cannot  under  these  circumstances  be  regard- 
ed as  absolutely  simple  and  pure.  They 
would  be  so  if  the  sun  were  a  point ;  but 
the  breadth  of  its  surface,  or,  in  astronomi- 
cal language,  disc,  prevents  the  complete 
analysis  of  its  light ;  for  every  portion  of 
this  disc,  from  the  one  side  to  the  other,  in 
whatever  direction  the  refraction  may  have 
been  effected,  has  been  contributing  its  own 
share  of  light  to  every  portion  of  the  spec- 
trum, so  that  the  latter,  instead  of  being  a 
simple  decomposition  of  one  pencil  of  light 
issuing  from  one  point,  is  an  overlapping,  to 
a  certain  small  but  not  inconsiderable  de- 
gree, of  innumerable  spectra  from  an  infinite 
number  of  luminous  points,  producing  a  con- 
fusion, the  limit  of  which  is,  of  course^  the 
apparent  breadth  of  the  source  of  light. 
Within  that  confusion,  that  crowding  toge- 
ther and  intermixture  of  neighboring  tints, 
some  mystery  may  lie  concealed,  and  fortu- 
nately the  means  arc  ready  to  our  hand  to 
explain  it.  We  can  thin  out  the  crowd  to  a 
simple  rank  by  reducing  the  visible  breadth 
of  the  sun  to  a  single  point.  Or,  better  still, 
Bince  the  tints  are  mingled  and  confused  only 
in  one  direction,  that  of  the  refraction,  we 
may,  by  means  of  a  slit  which  can  be  adjust- 
ed to  any  amount  of  opening,  narrow  the 
Bun's  disc  to  a  mere  transverse  line  of  light, 
which,  presening  the  full  breadth  of  the  spec- 


trum in  lis  own  direction,  and  ftm| 
it  were,  a  ribbon  dyed   in   transTerw^ 
instead    of  the   single    parti-c<»^' ^--^   ♦- 
which  would  is.sue  from  one  y 
makes  the  phenomenon  eonapicuuii-  .  r- 
for  stud}',  while  the  confusion   ariAi&jr 
overlapping  is  removed.     Thus  forsKil 
a  single   narrow  transverse  streak  td 
the  spectrum  is  no  longer  a  cont 
its  colors  remain  as  they  were, 
of  interruptions;  it  is  crossed  in 
able  places — the  best  instruments  al 
wards  of  2,000 — by  dark  lines,  sotni 
broader  and  more  conspicuous  than 
but  all  of  hair-like  minuteness,  and  to 
irregular  arrangement  suid  fortuttotiJi 

The  spectrum  of  the  sun  is  dineoBl 
with  hair-breadth  tracks  of  darkncaa 
spectra  of  the  terrestrial  elomentii  are 
discontinuous,  but  with  kair-breadtk  "' 
light.     The  one  seems  of  a  class  wl 
the  reverse  of  the  other ;  but  thts^ 
contrariety  will  lead  to  further  tlioiti|^i 
further  investigation. 

The  discovery  of  the  true  meaainf  of 
solar  spectrum,  in  1859,  was  the 
ment  of  a  long  series  of  diseoverieii  id 
physics.  It  had  long  been  noticed  tte 
rainbow-colored  streak  of  light  which 
the  solar  spectrum  is  crossed  by  a  ndtiladt 
of  dark  lines,  Some  of  these  line*  aft  vcB 
marked,  others  faint ;  at  one  place  mmj  ne 
crowded  together,  at  others  there  arc  toum* 
ly  any ;  but  at  all  times  the  same  linoiBalBi 
their  appearance.  For  a  long  time  ihw  pft*> 
nomenon  remained  without  explaikatiofk,  u 
also  did  the  correlative  phenomenon  tkalUM 
spectra  of  incandescent  vapors  con»i^  w* 
of  a  rainbow-colored  streak,  but  of  a  d^ftnift* 
number  of  bright  lines.  But  ICirckhhof,  b 
I8f*9,  made  the  unportAnt  discovery  wbich 
forms  the  basis  of  spectroscopic  aoaljiii- 
He  found  that  the  dark  lines  in  the  sobr 
spectrum  correspond  to  the  bright  line*  <rf 
the  spectra  of  incandescent  vajKjrs.  Far  ti* 
ample,  the  double  orange  line  which  fo*tt» 
the  spectrum  of  sodium  vapor  ocmipiw  <l* 
aetly  the  same  place  as  a  weU-tnarked  doable 
dark  Hue  which  appears  in  the  orange  part  of 
the  solar  spectrum  ;  and  so  with  atany  ether 
similar  lines  or  sets  of  linen.  In  niet«  U 
demonstrated  that  the  presence  of  dark 
in  the  solar  spectrum  indicates  that  the 
of  the  sun  shines  through  a  vaporoo* 
lope,  and  that  the  Tapors  which  fnrra  lhi» 
envelope  are  the  same  which,  in  an  tnefto- 
descent   state   in   the  chemist's  laborvUtfJi 
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ice  the  bright-line  spectra  correspond- 
0  eertain  of  the  solar  dark  lines. 

8am  np  in  a  few  words  those  principles 
ectroscopic  analysis  which  are  our  chief 
)  in  solar  researches  :    An  incandescent 

or  liquid  gives  a  continuous  rainbow- 
ed  spectrum ;  an  incandescent  gas  gives 
«trum  of  colored  lines;  and  an  incan 
tnt  solid  or  liquid  shining  through  a 
rons  envelope  gives  a  rainbow-colored 
rum  crossed  by  dark  lines,  and  these 

have  the  same  position  as  the  bright 
which  belong  to  the  spectra  of  the  va- 
which  form  the  envelope. 


BE  PARIS  STEAM  ROAD  ROLLER. 

apaper r—d  before  the  Iiutitote  of  Meehuiioal 
EBgineert^  bj  lions.  M.  E.  Obllaret. 

lis  roller  consists  of  a  locomotive  engine 
ed  entirely  upon  two  large  cast-iron 
re  of  equal  size,  which  are  both  driven 
le  engine,  the  course  of  the  machine 
1^  controlled  by  a  special  arrangement 
changing  the  direction  of  the  roller 
I.  The  result  is  that  the  whole  of  the 
bt  of  the  machine  is  made  available 
for  the  rolling  of  the  road  and  for  pro- 
ig  the  machine.  The  engine  is  capable 
dug  readily  started  in  either  direction 
mt  any  slipping,  and  can  easily  round 
sharp  curves.  This  machine  is  the 
one  which  allows  all  the  weight  to  be 
t  available  for  adhesion  in  driving — an 
pensable  requisite  for  a  really  complete 
ig  machine — none  of  the  weight  being 
1^ ;  and  machines  having  only  one 
driving  are  liable  to  slip  at  starting, 
ng  damage  to  the  road  surface  to  be 
1,  and  wasting  power.  Also,  the  direc- 
of  the  motion,  whether  forwards  or 
irards,  being  entirely  indifferent,  is  an- 
'  essential  point  for  rolling  roads.  By 
oial  mechanical  arrangement  the  com- 
cation  of  the  driving  power  is  main- 
i  direct  to  both  the  rollers,  however 
.  they  may  be  inclined  to  each  other 
traversing  a  curve  ;  this  driving  appa- 
is  made  very  strong  and  durable,  and  it 
Ben  found  completely  successful  in  work, 
reight  of  the  machine  is  equally  divided 
e  two  rollers,  and  the  adhesion  for  driv- 
so  great  that  these  machines  have  work- 
hills  with  a  gradient  of  1  in  12  J.  They 
;aided  with  the  greatest  facility  and 
lotj  on  the  most  difficult  and  winding 
,  bj  the  axles  of  the  rollers  being  made 
iTcrge  to  the  centre  of  the  circle  which 


is  being  traversed.  These  machines  have 
now  been  in  regular  use  in  Paris  for  four 
years,  and  the  results  of  their  working  have 
so  thoroughly  established  their  durability 
and  economy  that  they  are  used  for  the 
whole  of  the  roads  in  that  city  and  the  sub- 
urbs. The  machine  has  a  longitudinal 
wr ought-iron  frame,  like  a  locomotive  en- 
gine, with  cross  bearers  to  carry  the  boiler, 
and  a  water  tank  at  the  back  of  the  foot- 
plate. The  two  large  carrying  rollers  are 
3  ft.  10  in.  in  diameter,  and  4  ft.  7  in.  in 
length.  They  are  cast-iron  cylinders  of  1^ 
in.  thickness,  with  intermediate  strengthen- 
ing ribs  and  internal  flanges  at  the  ends,  to 
which  wrought-iron  plate  covers  are  fixed. 
These  close  the  two  ends  of  the  rollers,  and 
have  cast-iron  bosses  in  their  centres  for 
bearing  on  the  axles.  The  axles  are  sta- 
tionary, and  the  rollers  revolve  round  them 
with  bearings  extending  the  whole  length  of 
the  roller,  and  consisting  simply  of  a  cast- 
iron  cylinder,  with  a  continuous  bearing  on 
the  axle,  and  furnished  with  a  spiral  groove 
for  lubrication.  The  rollers  in  the  first  of 
these  machines  were  made  with  separate 
wrought-iron  wheel  centres,  upon  which  was 
riveted  a  cylinder  of  boiler  plate ;  but  this 
make  was  abandoned  in  consequence  of  the 
frequent  failure  of  rivets,  which  were  sheared 
off  by  the  stretching  of  the  cylindrical  plate 
from  rolling  out.  The  present  make  of 
cast-iron  rollers,  heavier  than  the  original 
wrought-iron  ones,  but  less  expensive  in 
make,  has  proved  very  satisfactory,  and 
they  have  done  a  large  amount  of  work 
without  any  expense  for  repairs,  sgme  of 
them  having  run  as  much  as  3,000  miles 
without  any  sign  of  cracking  or  splitting. 
The  first  cast-iron  rollers  were  made  quite 
cylindrical ;  but  it  was  found  that  the  sur- 
face became  worn  down  more  at  the  end 
next  the  chain-wheel  than  at  the  other  end ; 
and  to  meet  this  irregular  wear  the  rollers 
have  since  been  cast  slightly  conical,  with 
the  larger  end  towards  the  chain-wheel,  so 
that  when  half  worn  down  they  may  become 
truly  parallel.  One  end  of  each  roller  has 
a  manhole  in  it,  giving  access  to  the  interior 
for  oiling  the  bearings.  There  are  two  sixes 
of  these  machines  used  in  Paris — one  weigh- 
ing 15  tons  and  the  other  30  tons  in  average 
working  order.    The  smaller  one  has  rollers 

3  ft.  11  in.  in  diameter  and  4  ft.  7  in.  in 
length ;  the  rollers  in  the  larger  one  being 

4  ft.  9  in.  in  diameter,  and  6  ft.  length. 
These  machines  were  adopted  for  rolling 
the  roads  in  Paris,  in  consequence  of  the 
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Mibfactory  results  of  a  series  of  experi- 
ments made  witb  thera  under  the  direction 
of  M.  Miehalt  director  of  tliti  municipal  ser- 
vice, by  M.  Horn  berg,  eoginecr*in-cliief  of 
the  public  roads  of  P&ris,  The  mttchlncs 
are  hired  at  a  fixed  charge,  which  is  regu- 
lated by  the  weight  of  the  muehine  and  the 
distance  run  in  work  ;  the  rate  being  per 
ton  per  mile  of  the  machine,  Id.  by  day  and 
8d*  by  night.  This  rate  includes  all  ex- 
penses of  wages,  coals,  and  materials  for 
working  and  repairs,  excepting  the  supply 
of  water,  which  is  furnished  by  the  muni- 
cipal authorities.  The  work  of  each  ma- 
chine is  measured  by  a  self-acting  counter, 
indicating  the  distance  traveled,  measured 
at  the  mean  diameter  of  wear  of  the  rollers ; 
the  measurement  of  distance  being  taken 
only  during  the  actual  time  of  rolling,  with 
an  allowance  added  of  three  miles  for  trav- 
eling to  and  from  the  place  of  work.  The 
work  is,  as  a  general  rule,  done  in  the  night 
within  the  city,  the  portion  of  road  repaired 
during  a  night  being  completely  finished 
by  the  morning  ready  for  traffic.  The  speed 
of  working  is  from  UtoliJ  miles  per  hour, 
being  limited  to  the  latter  amount  by  the 
public  regulations.  The  usual  practice  in 
repairs  is  to  lay  down  a  layer  of  broken 
stone  about  2 J  in.  thick  at  the  sides  of  the 
roivd,  and  6  in*  thick  in  the  middle  ;  the 
surface  of  the  road  being  generally  picked 
up  previously.  The  rolling  engine  com- 
mences work  at  the  opposite  sides  of  the 
road ;  alternately  traveling  backwards  and 
forwards  over  a  length  of  about  100  yards, 
and  working  its  way  gradually  to  the  mid- 
dle of  the  road,  when  it  proceeds  to  roll  an- 
other similar  length.  The  layer  of  broken 
atones  is  watered  from  the  street  mains,  and 
binding  material,  consisting  of  road  scrap- 
ings, is  put  on  before  the  rut  ling.  There  is 
not  the  slightest  difficulty  experienced  in 
reversing  the  motion  of  the  rolling  engines, 
and  they  start  in  either  direction  without 
any  slip  whatever,  and  the  broken  stone  is 
regularly  rolled  down  without  getting  push- 
ed up  or  driven  before  the  rollers.  The 
engines  start  with  great  facility,  even  on  a 
eonsiderable  incline,  and  they  turn  easily  in 
a  circle  of  only  13  yards  radius.  In  making 
new  roads  the  broken  stone  is  usually  laid 
down  in  a  single  layer  of  10  to  12  in,  in 
thickness,  and  this  thickness  of  material  can 
bo  satisfactorily  rolled.  The  total  distance 
irttveled  per  day  of  ten  working  hours  by 
one  engine  is  usually  from  15  to  20  miles. 
la  working)  two  men  are  employed  for  the 


smaller  engines — an  eogiaeniai 

man,  and  for  the  larger  engines  a 
in  addition,  for  the  purpose  of  oiUng  i 
the  road  without  stopping  the  engia«, 
mean  power  developed  by  the  largffi 
is  about  twenty  horse  power.     It  ia 
below    that   amount,    and    then   son 
rises   to    thirty   or    even    thirty-tfa 
power.     The  engines    keep  well  ti 
and  run  from  1200  to  180O  miles  f 
quiring  any   important  repairs. 
made  very  strong;  the  axlea,  ch 
ions,  and  working  gear  being  made  dt 
and  the  engines  of  the  quality  of  ' 
motive  work.     They  are   oun^ecju^^Jitly  1 
pected  to  keep  at  work  fully  ten  vrfftn, 
reference  to  the  relative  cost  uf  roiltni  i 
by  the  steam  roller  or  by  horse  p  --' 
following  facts  may  be  taken  as  » 
son  of  the  prices  per  ton  per  mil 
plan.     The  result  of  numerous  da 
the  cost  of  horse  rolling  in  Paris  (lada 
horse  keep,  drivers,  and  oiling,  to  be  1 
per  ton  per  mile,  or  about  11  jd.  mh 
cost  of  repairs.     The  addition  of  intt 
capital  and  depreciation    wuuld  raise  At 
total  cost  to  about  14d*  per  ton  p»T  milt. 
On  the  other  hand,  for  the  Aleam  i 
actual  payment  is  only  half  that  au, 
7d.  per  ton  per  mile,  including  ihr  f  i  jj^ri  ^ 
or's  profit;  so  that  there  is  a  great 
as  regards  cost  of  power  in  the  »tr.> 
The    advantages  of  the   steam    i^ 
those  drawn  by  horses   are,  ecouou 
cost  of  the  work,  rapidity  of  ♦ 
greater  perfection   in   the  w«  ■ 
durability  of  the  road  sin 
to  be  at  least  doubled  wh* 
ing  has  been  well  done,  a-  ^    u  ;  irrd  »uii 
roads  not  so  rolled. 


ON  THE  iNFLrEXCEOF  SETKftl  CoLO  Of 
Metallic  Tin* — Frittfiebe,  of  Si 
Petersburg,  communicated  in  the  Piril 
Academy  the  interesting  fact  thai  iiiirii|| 
the  severe  cold  of  last  winter,  in  Si,  ftixt^ 
burg,  large  blocks  of  Banca  tin  bec»Bie 
crystalline  through  the  whole  of  their  olm^ 
They  now  contain  in  their  interior*  hoflo* 
spaces  of  up  to  100  cubic  ccntifnf*t<»r^.  Tiw 
walls  of  these  hollow  spaces  av  ^^ 

shiny.     The   other  parts   of  t  ..\A 

have  been   transformed    j  '»ll 

crystalline  grains,  partly  i  ^    •■«« 

of  various  sixes,  have  a  dull  appetnnc*, 
caused  probably  by  superficial  oqEjdatiOEU--' 
(CQmpt  Rend.,  t.  67.  p.  UW.) 
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LIGHT  V&  HEAVY  LOCOMOTIVm 

tOU^ING   STOCK    ON   THE    METROPOLITAN 

RAILWAY. 

Vrom  <«  The  EDgineer." 

Those  who  are  interested  in  the  oftcn-dis- 
nssed  merits  of  light  versus  heavy  rolling 
k»ck«  will  find  just  now  much  deserving  of 
heir  attention  in  the  working  of  the  Metro- 
olitan  Railway.  They  may  there  see  some 
f  the  lightest  tank  engines  and  carriages 
Boentlj  used  for  main  Rne  traffic,  working 
ide  by  side  with  the  heaviest  stock  ever  put 
n  any  line.  A  very  important  problem, 
herefore,  bids  fair  to  receive  a  speedy  solu- 
ion  on  the  Metropolitan  Railway ;  and  the 
olntion  will,  unquestionably,  possess  every 
haracteristic  which  can  render  it  absolutely 
mal  under  the  prescribed  conditions.  In  a 
rordv  *  most  valuable  experiment  is  being 
lied  on  the  largest  scale ;  and  the  result, 
m  it  what  it  may,  must  be  accepted  as  con- 
losiye.  The  facts  may  be  stated  in  a  very 
Ibw  words,  but  they  will  be  all  the  better 
or  a  little  explanation. 

The  first  engine  designed  to  work  the 
lletropolitan  Underground  Railway,  was 
Itted  with  air  pumps  and  an  injection  con- 
lenser.  Its  weight  was  something  enor- 
MKiBt  Ai^d  its  performance  so  unsatisfactory 
hat  we  believe  it  never  ran  a  single  passen- 
^r*  train.  The  line  was  first  practically 
rorked  by  the  Great  Western  Railway  Coni- 
lany  with  broad  gauge  engines,  having  out- 
ide  cylinders  and  six  wheels,  four  of  them 
leing  coupled.  These  engines  did  very 
airly,  and  are  now  in  use  down  the  country. 
ffext  came  an  interregnum,  when  the  traffic 
if  the  line  was  conducted  by  the  Great 
Northern  Railway  Company  with  their  ordi- 
lary  narrow  gauge  mixed  engines,  blowing 
heir  waste  steam  into  the  tender  through 
.  temporary  exhaust  pipe.  Meanwhile,  Mr. 
bowler  prepared  designs  for  new  narrow 
laace  tank  engines.  These  engines  being 
pecially  designed  to  work  underground, 
lossesied  not  a  few  novel  features.  Twelve 
rere  built  in  the  first  instance  by  Messrs. 
iejer  and  Peacock,  and,  as  a  natural  consc- 
[aence,  the  work  is  simply  faultless.  We 
annot  say  as  much  for  the  design.  It  was 
i  the  utmost  importance  that  the  engines 
hould  get  away  quickly  with  their  trains, 
et  the  driving  wheels  are  5  ft.  6  in.  in  di- 
meter, a  dimension  rendered  inexcusable 
•J  the  fact  that  only  a  moderate  speed  was 
emanded.  In  order  to  compensate  for  the 
lie  of  the  wheels,  and  to  still  retain  the 


great  tractive  force,  essential  to  rapid  start- 
ing, large  cylinders  were  of  necessity  adopted. 
We  need  not  stop  to  explain  how  great  an 
augmentation  of  weight  this  entailed.  It 
was  next  assumed  that  the  curves  would  be 
bad  to  get  round  with  a  six-wheeled  engine, 
therefore  a  bogie  was  introduced  principally 
because  the  engine  was  made  too  long  to 
begin  with.  This  farther  increased  the 
weight,  and  so,  finally,  Mr.  Fowler  produced 
the  now  well-known  narrow  gauge  stand- 
ard Metropolitan  engine,  weighing  nominally 
42  tons,  but  in  all  probability  at  least  45 
tons  loaded.  This  monstrous  machine  is 
employed  to  haul  trains  consisting  of  five  not 
less  monstrous  carriages,  carriages  mounted 
on  eight  wheels  disposed  in  two  groups,  and 
weighing  16  tons  each.  We  have  thus  a 
locomotive  weighing  45  tons  hauling  a  train 
weighing  80  tons,  carrying,  when  full,  20 
tons  of  passengers  or  so,  at  a  speed  of  25 
miles  an  hour,  over  the  best  permanent  way 
ever  laid  down :  gross  load,  155  tons ;  pay- 
ing load,  20  tons,  or  less  than  half  that  of 
the  engine  alone.  There  are  no  exception- 
ably  heavy  inclines  to  be  surmounted,  and 
the  bad  curves  arc  few  in  number,  and  at  the 
worst  do  no  great  harm,  because  the  speed 
at  which  they  are  traversed,  as  at  King's 
Cross,  for  example,  is  low.  W^e  fancy  that 
every  unprejudiced  engineer,  with  these  facts 
before  him,  will  admit  that  Mr.  Fowler's 
engines  are  not  the  best  that  can  be  designed 
for  the  intended  purpose,  and  that,  all  things 
considered,  they  are  apparently  very  much 
underworked.  The  driving  wheels  are  much 
too  large,  the  machine  too  long,  and,  above 
and  beyond  all,  the  enormous  weight  of  the 
engine  constitutes  a  grievous  defect.  There 
is  no  denying  the  fact  that  the  standard  en- 
gines play  havoc  with  the  permanent  way  of 
the  Metropolitan  Railway,  smashing  off  the 
tables  of  steel  rails,  and  grinding  out  the 
best  Bessemer  track,  perhaps  in  the  world, 
as  though  it  were  made  of  iron. 

Mr.  Fowler  has  gone  on  adding  to  the 
original  stock  of  twelve  engines  with  others 
built  off  the  same  patterns ;  but  we  find  that 
neither  the  Great  Northern,  the  Midland, 
nor  the  Great  Western  Companies  have  fol- 
lowed his  example.  The  Great  Western 
Company  put  on  some  broad  gauge  engines 
with  six  very  small  coupled  wheels  and  in- 
side cylinders,  three  or  four  years  ago  ;  these 
have  been  abandoned  with  the  broad  gauge. 
The  Great  Northern  Company,  in  working 
steeper  inclines  than  any  which  the  Metro- 
politan engines  are  called  on  to  traverse, 
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adopted  a  design  differing  widely  from  Mr. 
Fowler's.  The  Great  Northern  engines 
weigh  full  but  33  tons.  They  have  four 
coupled  wheels,  lt>iu.  cylinders,  and  a  pair 
of  trailing  wheels  mounted  with  Adams'  ra- 
dial asle  boxejs.  These  engines  gave  great 
gatisifaetion.  Next  came  the  Midland  with 
a  modification  of  Mr,  Fowler 's  design,  the 
engines  weighing  much  less,  however.  And, 
lastly,  we  eome  to  the  rolling  stock  put  on 
by  the  Great  Wes^tern  Company  within  the 
last  few  months*,  which  is  the  very  antithesis 
of  Mr.  Fowler's.  Now,  if  the  designs  of  the 
latter  gentleman  had  been  proved  to  be  right 
by  the  results  of  three  years'  workings  how 
18  it,  we  may  ask*  that  the  engineers  of  other 
companies  have  not  followed  his  example  or 
endorsed  his  practice  by  adopting  his  typical 
engine  and  carriages  ?  The  fact  that  they 
Lave  not,  is  the  best  possible  proof  that  31  r. 
Fowler  made  a  great  mistake  when  he  de- 
fligned  his  standard  rolJing  stock  for  the 
underground  railway. 

We  do  not  propose  here  to  say  anything 
more  of  the  methods  adopted  by  the  Midland 
and  Great  Northern  Kailwity  in  working 
their  metropolitan  traffic.  We  shall  coniine 
our  attention  to  the  new  engines  and  car- 
riages used  by  the  Great  Western  Railway 
Company  in  working  their  local  traffic  be- 
tween Windsor,  Ealing,  &g.^  and  Moorgate 
street,  since  the  aimndunmcnt  of  the  broad 
gauge  between  Bishops  road  and  the  City. 
The  engines  resemble  those  used  by  the 
Midland  Company  in  working  their  metro- 
politan traffic,  but  they  are  rather  smaller, 
and  certainly  more  elegant.  They  have 
flush  boilers  with  a  very  small  central  dome, 
a  pair  of  side  tanks,  and  a  condensing  ar- 
rangement very  similar  to  that  used  in  the 
standard  engines.  They  have  six  wheels, 
four  of  them  being  coupled,  and  inside  cyl- 
inders. These  engines  weigh  full,  one  with 
another,  as  nearly  as  possible  32 J  tons,  or 
from  11  to  12  tons  leas  than  !Mr>  Fowler's 
engines.  The  average  train  drawn  consists 
of  six  light  carriages,  but  this  in  no  way  rep- 
resents the  capacity  of  the  engines.  In  the 
early  part  of  the  day  the  trains  are  mncb 
longer ;  and  on  several  occasions  fourteen 
carriages  have  been  taken  from  Windsor  to 
P&ddington,  a  distance  of  ab#ut  eighteen 
miles,  in  a  little  over  twenty  minutes.  We 
have  carefully  timed  these  engines  when  get- 
ting away  with  their  trains,  and  found  them 
to  be  quite  as  exj>editious  as  Mr.  Fowler's 
engines,  jx'rhapa  a  little  more  so.  In  every 
rcftpeot  tbeir  performance  is  most  satisfac- 


tory.    We   have,  then,  io    few   wnri 
Great  Western  Railway  Compar 
same  work   that  the  Mctropoliu^ 
Company  are  doing,  with  a  dead  wei  j 
at  least  by  25  tons  per  train,   if   - 
ten  of  the  Great  Western  carri 
only  as   many  as  five  of  tbe   >itir 
carri.ages. 

It  remains^  of  course,  to  be  -' 
Great  Western  light  stock  will 
continuous  practice ;  so  far,  it  b 
to  be  desired.     The  carriages,  t 
are  lofty  and  comfurtHbli?  ;   the 
yet  disfigured    by  hideous   adv 
perfect  time  is  kept,  and  a  cairtAge  itf 
being  easily  added  or  taken  off,  as  m* 
necessary,  the  trains  are,  as  a  rul- 
filled,  without  being  overcrowded. 
Fowler's    method   of  working    raotr 
traffic  can  be  made  to  pay — and  it  p— 
much  more  should  the  Gre^t  We^teni  •  - 
pay.     In  the  case  of  the  en  gin  o-  n! 
cost  of  transmitting  each  ton  of  1    ^ 
from  place  to  place  cannot  be  mu  K  ! 
2d.  per  ton  per  mile.    TaJkiug  tht  ,    r 
erato   estimate  of  20,000  miles  as 
tance  run  each  j^ear  by  each  engine, 
a  saving  on  12  tons  ktss  in  the  *!>'  a  '^ 
crn  engines,  as  compared  with  ih^:  - 
Metropolitan  engines^  of  £106  ycr 
per  annum,  or  for  the  Metropolis   " 
Company,  with  30  engines,  a   - 
round  numbers,  jCO,000  per  anuum 
if  we  regard  the  smaller  weight  of 
riagCH,  and  the  increased  dural   '' 
permanent  way,  due  to  the  usl 
ing-stcKik  instead  of  heavy,  wl*  .nhali  tmJ 
the  saving  may  possibly  reach  double 
sum  we  have  named. 


thai 


CAST-mON  roRT& 

From  *'  Eugineenog.*' 

In  these  days  of  Shoeburyness  triiU,  wldl 
almost  e\ery  conceivable  combmation  of  iffll 
and  steel  capable  of  forming  a  target  Itf 
been  subjected  to  hammerinjif  by  shot  aiwl 
shell,  with  more  or  less  j^.i  i> 

satisfactory  results,  it  is  s^  Jif 

across  the  proposal  of  a  re^i  ^ 

the  same  time  promising,  s  m^ 

struction.     We  have  had  >  i*' 

tirely  of  wrought  iron,  shii  .^ti 

wooden  backing,  shields  of  iron  and  rteil, 
granite  casemates  with  iron  shield*,  aoJ  » 
host  of  other  devices,  and  now  we  ban*  Mr. 
Thomas  B.  Crampton'a  proposal  to  wiko 
forts  of  cast  iron.     !Not  &  very  prooii»ifif 


VAN  NOSTRAND'S  ENGINEERING  MAGAZINE. 


591 


tterial  some  of  our  readers  will  say ;  and 

muBt  own  that  except  it  be  employed  in 
!  wmy  Mr.  Crampton  proposes,  they  are 
hi.  The  proposal  to  use  cast  iron  as  a 
terial  for  constructing  shields  or  defences 
lot  new,  and  Mr.  Crampton  lays  no  claim 
it  ;  bat  what  he  does  claim  is  the  plan  of 
LStructing  forts  by  casting  them  in  situ, 
ier  in  one  single  piece  or  in  blocks  of 
jge  sue,  each  weighing  not  less  than  200 
s  or  so.  Forts  thus  constructed  would 
Krd  very  different  resisting  powers  to  de- 
oes  built  of  cast-iron  blocks  weighing 
ee  or  four  tons  each,  such  as  have  been  in 
le  cases  proposed ;  and  although  we  have 
dmta  from  which  we  could  calculate  what 
i  resisting  power  of  such  massive  blocks 
Mr.  Crampton  proposes  to  use  would  be, 

are,  we  think,  justified  in  stating  that  the 
item  is  worthy  of  a  trial. 
rbat  tbere  would  be  no  ffreat  practical 
ficulty  in  constructing  such  forts  is  oer- 
lu  The  process  would  be  merely  an  ex- 
I8i<m  of  that  which  has  been  so  successfully 
rried  oat  by  Mr.  Ireland  in  a  number  of 
itaEUses,  when  large  anvil  blocks  have  had 

be  east.  All  that  would  be  requisite 
mid  be  to  prepare  the  necessary  founda- 
ns,  and  construct  in  situ  a  mould  of  the 
qmred  form,  this  mould  being  either  made 

brickwork,  or  of  a  combination  of  brick- 
>rk  and  iron  framing,  according  to  the 
reamstances  of  the  case.  Around  the 
ould  would  be  arranged,  in  convenient  posi- 
>iis,  a  series  of  cupola  furnaces,  the  number 

these  furnaces  being  regulated  by  the 
le  of  the  casting  to  be  produced  and  the 
me  allowed  for  completing  the  operation. 
;r.  Ireland  has,  as  we  have  said,  produced 

number  of  large  castings  by  a  similar 
ethod,  and  about  eighteen  months  ago  (vide 
ige  496  of  our  fourth  volume)  we  described 
le  casting  in  this  way  of  an  anvil  block 
eighing  210  tons  at  the  Bolton  Iron  and 
teel  \^  orks.  The  metal  for  this  block  was 
in  from  two  cupolas  in  8|  hours  actual  work- 
ig  time,  and  the  casting  proved  perfectly  suc- 
Bfisfol.  Judging  from  the  experience  al- 
esdjr  sained,  there  appears  to  be  practically 
o  lunit  to  the  sixe  of  the  castings  which  can 
m  produced  on  this  system,  and  we  feel 
ertain  that  Mr.  Crampton  would  have  no 
Lifieultj  in  casting  his  forts,  as  he  proposes, 
B  lolid  blocks,  weighing  5,000  tons  or  so,  if 
wcasion  should  require  it. 

We  have  said  that  we  have  no  data  as  to 
Um  resistance  to  shot  afforded  by  cast  iron  in 
large  masses ;  but  we  are  inclined  to  think 


that  it  would  be  satisfactory.  Mr.  Cramp- 
ton, however,  does  not  confine  his  plan  to  the 
application  of  cast  iron  alone  ;  but  he  states 
that  the  metal  may  be  strengthened  by  melt- 
ing up  scrap  iron  with  it,  or  in  some  cases 
the  castings  may  be  formed  of  steel  or  iron 
produced  by  the  Bessemer  process.  Whether 
it  would  be  possible  to  apply  the  Bessemer 
process  to  the  satisfactory  production  of  such 
gigantic  masses  we  cannot  say,  but  we  have 
no  doubt  about  the  possibility  of  producing 
them  in  plain  cast  or  toughened  cast  iron. 
In  the  case  of  the  cast-iron  forts  being  of 
such  form  as  to  require  portholes,  Mr.  Cramp- 
ton proposes  to  guard  each  opening  by  the 
insertion  in  the  casting  of  a  massive  block 
of  wrought  iron  or  steel  of  suitable  form. 

As  for  the  expense  of  constructing  such 
forts  as  we  have  above  described,  Mr.  Cramp- 
ton estimates  that  a  cast-iron  structure  might 
be  made  six  or  seven  times  the  thickness  of 
a  built-up  wrought-iron  structure  of  the 
same  total  cost ;  and  considering  the  high 
price  of  heavy  wrought-iron  armor  plates, 
we  do  not  think  that  this  estimate  is  an  un- 
reasonable one.  All  events,  we  think  that 
our  government  authorities  might  do  many 
worse  things  than  test  the  effect  of  shot  and 
shell  on  a  200-ton  block  of  cast  iron. 


LIQUID  FUEL  IN  METALLURGY. 

From  the  "  Meohanios'  Magaiine." 

The  advantages  of  liquid  fuel,  when  pro- 
perly used,  over  coal,  for  steam  purposes, 
have  long  since  been  fully  demonstrated,  and 
they  stand  Unquestioned.  Hitherto,  the  en- 
deavors to  utilize  mineral  oils  have  been 
chiefiy  confined  to  the  furnaces  of  boilers ; 
but  now  we  have  another  eminently  success- 
ful application  of  the  oil  furnace  to  metal- 
lurgical purposes.  Our  readers  can  hardly 
have  forgotten  the  successful  trip  of  the 
'*  Retriever,''  a  steam  ship  of  500  tons  bur- 
den, which  was  fitted  up  on  the  system  of 
oil  furnace  invented  by  Mr.  Dorset t,  of 
London.*  This  system  consists  in  burning 
in  the  furnace  the  vapor  of  creosote,  which 
is  produced  in  an  auxiliary  boiler.  Having 
established  the  success  of  the  priuciple  in 
one  direction,  Mr.  Dorsett  conceived  the 
idea  of  utilizing  it  in  another — that  of  heat- 
ing iron  plates  for  bending.  The  idea  was 
first  put  into  execution  about  four  months 
since,  when  Mr.  Dorsett  obtained  permis- 
sion to  apply  his  system  of  burning  liquid 


*  Van  NoKtraiid'i  Magasine,  No.  l,  p.  67. 
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fuel  to  a  plate -bum  in  g  farnac©  in  Woolwich 
Dockyard.  This  was  for  plates  of  the  ordi- 
nary thicknesses  used  in  iron  shipbuilding, 
and  the  results  were  so  Batisfiictorj  that  the 
authorities  directed  the  principle  to  be  ap- 
plied to  an  ordinary  plate-bending  furnace 
and  to  an  armor-plate  furnace  in  Chatluini 
Dockyard.  It  in  to  the  latter  of  these  we 
wish  to  direct  special  attention,  as  being 
a  great  triumph  of  the  Dorsett  principle  of 
burning  liquid  fuel. 

Under  ordinary  circumstances,  the  armor- 
plate  bending  furnace  h  lighted  from  four 
to  five  hourii  before  the  plate  is  placed  in  it. 
The  time  occupied  in  heating  the  plate  for 
bending  depends  upon  its  thickness — one 
hour  per  inoh  of  thickness  being  allowed. 
Taking,  then,  a  6-inch  plate — as  upon  the 
present  occasion — we  get  from  ten  to  elev  en 
hours  from  the  time  of  starting  before  the 
plate  is  ready  for  bending*  Let  us  now  see 
what  the  liquid  fuel  will  do.  Upon  our 
visit  to  Chatham,  the  cold  furnace  was  light- 
ed, and  after  an  hour  was  deemed  sufficiently 
heated.  A  6- inch  armor-plate,  7  ft.  t)  in.  long 
by  3  ft.  wide,  was  then  consigned  to  the  fur- 
nace, and  after  an  honr  and  a-half  was 
drawn  out  thoroughly  heated  aud  ready  for 
bending.  Thus»  in  two  hours  and  a-half  we 
have  the  work  of  ten  or  eleven  hours  com- 
pletely and  satisfactorily  performed.  Nor 
is  this  all ;  the  advantages  of  the  system  do 
not  stop  here.  The  plate  was  remarkably 
free  from  scale,  which  can  only  be  accounted 
for  by  the  ahsence  of  the  deterioratiog  influ- 
ence of  the  products  of  comhiLstion  in  the 
ordinary  furnace.  Another  valuable  result 
arises  from  this  same  cause  ;  thinner  plates, 
when  heated  by  liquid  fuel  and  bent  double, 
show  no  signs  of  crackings  as  they  usually 
do  when  they  have  been  heated  in  the  coal 
furnace.  This  important  feature  is  reck- 
oned to  save  ten  shillings  per  ton  on  the 
metal,  which  amount  it  would  lose  in  value 
by  deterioration  under  the  ordinary  method 
of  treatment.  The  vaporized  creosote  is 
supplied  to  the  furnace  under  notice  from 
the  generator  by  six  jets,  which  are  led  in 
through  small  openings,  by  which  means 
also  just  a  sufficient  quantity  of  atmospheric 
air  is  admitted  to  support  combustion.  This 
method  of  supplying  the  heat  also  ofl'ers 
another  advantage;  it  can  be  applied  to  the 
whole  or  any  portion  of  the  plate.  Thus, 
if  a  plate  requires  to  be  bent  at  one  end 
only,  then  the  heat  is  directed  to  that  part. 
Further,  the  rate  at  which  the  metal  is 
heated  ciau  b«  regulated  to  a  nicety  by  either 


increasing  or  diminishing  tb?  Bonha  \ 
jets.     The  consumption  of  oil  it  CI 
is  108  gallons  per  furnace  per  day. 

Close  beside  the  amior-plaie  (vmietl 
another  one  for  heating  thinner  pbtet,i 
which  has  been  regularly  at  work  fori 
time  past.     It  is  heated  h 
supplied    from    the  same  r  u 

larger  one,  and  which  is  pLi€<jd  hcv 
two.    On  the  occasion  of  our  vi^it 
inch  plates  were  being  heated  and 
various  templates.     The  averaer^  timr 
pied  in  heating  was   seven   i 
the  ordinary  furnace  it  takes  i'l     . 
fifteen  minutes  for  each  plate.     A* 
stated,  the  heating  of  the  6-inoV«  r.lit^ 
only  experimental  and  prepara 
uiar  course  of  practical  work  wm 
to   commence.     But    it  was  an 
successful  experiment,  and,  mortorcTi 
not  the  first  made  in  the  aame  furnatie. 
plate  in  question  had  ^  '  l&« 

process  three  times  \> 
clean,  smooth  surface  would  uut  hure 
that  supposition,  for  it  had  the  a[ 
of  having  bad  nothing  done  to  it 
left  the  rolls.     The  futnrc  work  ot  iUJ 
naoe  will  consist  In  heating  the 
for  bending  for  the  **  iSnltau.'*  «  ^^ 
5,220   tons  burden,  now  conbtrOk 
this  furnace  we  have  another  pra^ 
dence  of  the  value  of  liquid  fuel  ^ 
ized  in  the  form  of  vapor.     In  it^  «iin 
wo  have  some  of  the  most  remarkabk 
unlooked-for  results,  which,  while  tJi^j 
satisfy  ua  for  the  present,  only   lr»4  m  H 
expect  further  and  even  more  i  ■  »• 

provemenu^  in  the  application  <*  "^^ 


THE  Bessemer  Stkrl  Works  at TaM 
— The  two-ton  plant  of  Me^n.  JilaJU 
Grriswold  &  Co.  is  in  constant  ojuriiiwi 
producing  some  SOU  tons  of  rail  ia|eo(i  fit 
month.  The  walls  and  maehtnerr  ot  ll» 
new  five-ton  plant  (to  replace  that  deSO'm^i 
by  fire  in  October  last)  are  nearly  tomf^ 
ed,  upon  an  eularged  plan.  The  ri»o&,  Ib^ 
naces  and  smaller  machinery^  are  fH  !•  hi 
placed.  The  new  blowing  ottginf!,  tie  1 
in  this  country,  is  nearly  ready  to  nttS- 
company  are  prepared  to  take  orders 
for  spring  delivery,  and  will  hr  Mf  t 
cute  them  upon  the  eompb^ti 
plant  this  fall,  at  the  rate  of  1 
tons  per  month.  They  a: 
furnish  rolled  bars  and  shap  ,;.  , .  .- 
erected  a  heavy  mill  for  thia  i^paoial 


VAN  NOSTRAND*S  ENGINEERING  MAGAZINE. 


593 


ON  RIVETS  MD  MVETING. 

BT  MARTIN  BALCKE. 

for  Vmi  No8tnnd*8  MagAiine  from  Polyt. 
OeBtralbUit. 

The  Iblloinng  remarks  do  not  refer  to  riv- 
for  the  purpose  of  merely  uniting  two 
|gait0  of  machinery  or  two  sheets  of  iron,  but 
pkj  B,pplj  to  rivetings  which  require  a  high- 
Mr  degree  of  strength  and  solidity,  as,  for 
i— f  nee,  for  boilers  and  working  parts  of 
— fihineg.  It  is  a  general  rule  for  all  oon- 
iimetions,  especially  for  those  in  iron,  to 
iietribate  the  strain  which  has  to  be  with- 
by  a  certain  part  of  a  machine,  as 
ilj  as  possible  over  the  solid  mass  of  the 
part.  This  rule  is  also  very  important 
Eb  the  use  and  arrangement  of  rivets.  The 
ri^plest  and  safest  way  to  carry  out  this  rule 
is  to  ealculate  directly  the  areas  of  the 
working  sections,  and  to  see  that  the  strain 
vhieh  aets  on  any  part  of  a  section,  does  not 
oseeed  certain  limits  generally  conceded  to 
the  respective  materials.  This  is  the  way, 
also  to  aToid  the  use  of  empirical  formulas, 
the  most  important  coefficients  of  which  are 
always  dictated  by  the  personal  opinions  and 
Botions  of  their  authors. 

The  force  necessary  to  tear  a  wrought  iron 
Wr  of  a  certain  section,  is  so  nearly  equal  to 
that  required  for  cuttine  or  shearing  the  bar, 
that  both  may  be  considered  as  equal  in  cal- 
lulations,  for  practical  purposes.  The  limit 
of  elasticity  of  soft  wrought  iron,  as  general- 

if  used  for  rivets,  is  at  a  pressure  of  about 
8,000  lb.  on  the  square  inch.  AVith  boilers 
the  itrain  of  tension  per  square  inch  of  sec- 
tion of  the  material,  ought  not  to  reach 
9,000  lb.;  because  continued  heating  and 
long  nse  weakens  the  material  considerably. 
In  the  construction  of  stationary  boilers,  one 
iqoare  inch  of  section,  taken  through  the  riv- 
eting, onirht  generally  not  to  be  strained 
abore  12,000  lb.  But  if  a  riveted  part  of  a 
Bsohine  has  to  sustain  a  strain  acting  alter- 
istely  in  two  different  and  opposite  direc- 
tions, this  strain  should  never  exceed  2,000 
lb.  per  square  inch  of  section. 

If  a  quite  uniform  distribution  of  the 
Itrain  over  all  the  sections  cannot  practically 
be  obtained,  at  least  the  tension  of  th*e  sec- 
tioos  which  are  ezpased  to  the  highest  strains 
•ogbt  to  be  kept  within  the  above-mentioned 


The  shape  of  the  head  of  a  rivet  is  depend- 
ent on  the  kind  of  strain  to  which  the  rivet 
ii  RLbjected.     This  strain  can  have  the  tcnd- 
cney  of  tearbg  or  of  shearing  the  rivet,  or  of 
Vol,  I— No.  7.— 40. 


both  simultaneously.  If  a  rivet  has  to  with- 
stand a  tearing  strain,  the  height  of  its  head 
must  be  such  that  the  cylindrical  surface 
which  would  make  its  appearance  when  the 
head  of  the  rivet  would  be  stripped  off,  is 
equal  to  the  area  of  a  cross-section  through 
the  rivet.  If  we  denote  the  height  of  the 
head  by  the  letter  A,  we  obtain  the  equation : 

2r  TT  X  A  =  r*  TT, 

which  gives  us — 

that  is,  the  height  of  the  head  has  to  be  one- 
half  of  the  radius,  or  one-fourth  of  the  dia- 
meter of  the  rivet. 

Practical  experiments  on  the  strength  of 
rivets  have  come  to  the  same  result,  and 
have  besides  shown  very  distinctly  that  the 
rivet-holes  should  never  have  sharp  edges, 
and  that  the  head  of  a  rivet  ought  to  be  con- 
nected with  the  shaft  by  a  conical  part. 
Whenever  this  part  is  omitted,  and  when, 
consequently,  the  rivets  have  sharp  comers 
below  their  heads  and  the  rivet-holes  sharp 
edges,  the  rivets  break  close  to  the  head, 
when  subjected  to  a  strain  of  tension  and 
when  the  heads  are  strong  enough  not  to  be 
stripped  off.  When,  on  the  contrary,  the 
rivets  have  a  conical  connecting  part  between 
their  heads  and  shafts,  they  extend  consider- 
ably before  they  break,  and  the  rupture 
finally  occurs  in  the  middle  of  the  shafts. 
All  experiments  have  given  this  result  with- 
out exception. 

Rivets  subjected  to  a  shearing  strain  only, 
would  theoretically  not  recjuire  any  head  at 
all.  But  it  is  good,  also,  in  this  case  to 
make  the  heads  of  the  rivets  as  high  as  above 
determined,  because  generally  a  close  con- 
tact of  the  riveted  parts  is  desirable,  and 
because  the  rivets,  being  set  in  red-hot,  have 
to  resist  the  strain  of  tension  produced  by 
their  contraction  in  cooling. 

If  the  heads  of  rivets  have  to  be  counter- 
sunk, their  best  shape  is  that  of  a  truncated 
cone,  the  angle  at  the  point  of  which  cone 
would  be  of  75  deg. 

The  sectional  area  of  the  shaft  of  a  rivet, 
expressed  in  square  inches,  is  found  by  divid- 
ing the  actual  and  total  strain  on  the  rivet, 
by  the  strain  practically  adnuHsible  on  the 
square  inch  of  the  respective  material. 

We  will  now  examine  the  riveting  of  sim- 
ple round  boilers.  Wc  designate  by  D  the 
diameter  of  the  boiler,  by  P  the  steam  pres- 
sure per  square  inch,  by  t  the  distance  bc- 
I  twoen  the  rivets,  by  p  the  shearing  strain  on 
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every  rivet  in  the  length-row.  Thus  the 
fitrain  to  which  the  hoiler  is  exposed  on 
every  rivet-distaDce  of  its  length,  is  express- 
ed by  D  X  ^  X  I*T  aod  ^  tl^i^  strain  is 
divided  on  the  two  opposite  sides  of  the  boiler^ 
we  obtain  the  fornmla  for  the  shearing  strain 
on  a  rivet : 

The  8 train  on  b  rivet-diatance  of  the  rows 
round  the  boiler,  u  measured  by  a  triangle 
whoso  base  would  be  the  rivct-diHtauce,  and 
whose  height  the  radius  of  the  boiler.  Con- 
gcqiiently  the  strain  on  every  rivet  of  the 
rows  round  the  boiler  is  expressed  by  the 
formula — 


P  = 


D  X  t  X  P 


NoW|  to  obtain  an  even  distribution  of  the 
total  pressure  in  the  boiler  over  all  its  sec- 
tions, the  sectional  area  of  a  rivet  has  to  be 
equal  to  the  sectional  area  of  the  plate  be- 
tween two  rivet-holes,  and  equal  also  to  the 
double  area  of  a  section  through  the  plate » 
from  a  rivet-hole  to  the  edge.  If  we  call  a 
the  thicknc88  of  the  plate^  d  the  diameter, 
and  q  the  8eetional  area  of  a  rivet,  we  obtain 
the  formula — 

g 
q^  (t  —  d)  Mf   or   t  =  ■ \-  dj 

from  which  we  oonclude  that  the  rivct-dis- 
tanoe  is  dependent  on  the  diameter  of  the 
rivets,  and,  reeiprocallv,  the  diameter  on  the 
distance.  To  determine  theae^  it  is  necL-s- 
sary  to  take  into  consideration  the  possibil- 
ity of  making  and  keeping  the  boiler  tightj 
which  possibility  depends  principally  on  the 
relation  between  the  thickness  of  the  plate 
and  the  rivet-distanoe.  Let  us  consider  a 
special  ease  to  explain  this  more  fully.  We 
suppose  a  simple  cylindrical  boiler  to  have  a 
diameter  D  =  42  in.j  the  thieknesa  of  the 
plate,  fl  =  O.B  in»;  the  excess  of  the  steam 
pressure  over  the  atmospheric  pressure ,  P  = 
42  lb.  Under  these  conditions  the  strain  of 
tension  per  square  inch  of  plate-section,  tak- 
en parallel  to  the  axis  of  the  boiler,  ia^ — 


Tbe  nret-diamctor  b«ffig     «     •       |k.  fli.  {| 
AroA  of  rlTet-fcetlon  (fq,  lo*)^  f=z  t^07  1*441 1 
DiattLcce  between  rivptf  (iiiebM)» 

t=^^d *].44fiUI 

Shearia^  itrain  on  a  rirec  nb«,)^ 

Strain  p«rfquare  loch  un  &  fecii«ii 
tfa rough  the  plate,  or  throajfli 
the  rirete  in  the  lesglh-rowa  df 


the  boiler  (Ibi.)  =r  ^     , 

[The  shearing  eUain  CD  rtTet» 
and  the  itrain  par  ec^aare  ineh  of 
0»otioa  in  the  riret-roWB  round  tkt 
boiler,  are  one -half  of  thoea  la  ilua 
length-rows.] 

The  itrongth  of  the  riTeliog  com- 
pared to  the  strengib  of  thanm- 
l—d 


€,mKmi 


pie  plate  =  - 


I 


:=      0.61     *  V>     111 


The  advantages  and  disadvantages  <i(  Al 
one  or  other  of  the  cho^n  rivct^dtiatHfCi 
are   clearly  shown   by  these  tahleft,    ITn  | 
inch  rivets  produce  a  very  small  com^araLte 
strength  of  the  riveting  (0,62).     Tli 
riveting  has  a  great  comparative  ^ 
but  the  distance  between  the  rivtt 
in,)  is  too  large  in  proportion  to  xL 
uess  of  the  plate,  to  allow  of  a  good  attd  i 
tightening  of  the  joints.     The  J  inct 
not  showing  either  of   the    two  mcstiiwi 
disadvantages  in  a   consid*        '     "  irtt^m 
evidently  the  best  in  this  I- ^  :. 


2   ^ 


px4- 


21  X  42 


0.3 


=  2»940  lb. 


In  taking  the  areas  of  the  rivet-sections 
eqnal  to  those  of  the  plate^sections  contained 
between  two  rivet-holes,  according  to  the 
above  rule,  and  in  calculating  the  following 
items  for  three  different  rivct*diametcrs»  for 
the  sake  of  comparison,  we  find 


THE  STEAM  CARRIAGE  SYSTHt 

From  '*  Engineering, *' 

So  much  has  been  said  and,  we  may  wU, 
BO  much  has  been  written,  at  TariouM  tiiM 
during  the  past  twenty  years  respectiag  ikl 
system  of  working  railways  by  steam  <«» 
riages.  that  the  (^object  is  apt  to  be  rffUiM 
as  somewhat  a  threadbare  one.  Tom  ctiliil 
extent  it  may  no  doubt  jnstly  be  so  r^mdil; 
hut,  we  think,  to  a  certain  extent  amj;  lii 
we  believe  that  the  steam  carriage  ttjiitifli  if 
yet  destined  to  receive  fiir  more  attimtica 
from  railway  engineers  than  h&d  hiikifrto 
been  vonch-nafed  to  it.  And  there  tw  tf^ 
oral  reasons  why  this  ahonld  be  tho  cu^ 
In  the  first  place  there  can  be  no  danbt  1^ 
in  the  passenger-carrying  stock  of  the  prvMSU 
day,  the  amount  of  dead  weight  bears  ^sr  toA 
great  a  proportion  to  the  paying  load  cairiid; 
and,  secondly,  railway  propritjtons  hav«  h^ 
come  cognizant  of  this  fact,  and  not  beiii^ 
rendered  complacent  by  the  recHJipt  of  foa^ 
mous  dividends  are  disposed  to  listen  to^ 
ly  to  the  arguments  of  those  who  advocste 
reasonable  improvements    in  rtilway  wurk* 


VAN  NOSTRAND'S  ENGINEERING  MAGAZINE. 


595 


■^[.  Tbere  are  moreover,  other  reasons  be- 
tides these — as  we  shall  point  out  presently— 
mhj  the  steam  carriage  system  is  likely  to 
c^eeeiTe  a  more  extended  trial  than  it  has  yet 

The  opponents  of  the  steam  carriage 
system  state,  as  one  of  their  strongest  argu- 
Buents  against  it,  that  it  was  tried  twenty 
years  ago  and  failed — or  at  least  if  it  did 
not  fail  utterly,  that  it  was  abandoned  be- 
eause  it  was  found  that  it  did  not  satisfy  the 
requirements  of  railway  working.  That  the 
■team  carriage  system  was  tried  and  aban- 
doned is  undeniable ;  but  it  is  well  worth 
while  to  inquire  more  closely  into  the  reasons 
lor  ita  abandonment,  and  see  whether  they 
vould  apply  in  the  present  day.  It  is 
icknowledged  even  by  the  opponents  of  the 
lyatem— -or  at  all  events  by  all  those 
raoae  opinion  is  of  any  great  value — that  the 
naming  expenses  of  the  steam  carriages 
former^  tried  were  low,  that  the  carriages 
did  not  lack  adhesion  9r  tractive  power, 
■ad  that  they  ran  steadily  at  high  speeds  ; 
and   it  is  therefore  not  to  a  want  of  these 

Jinalifications  that  we  are  to  look  as  a  reason 
or  their  disuse.     Twenty  years  is  a  very 
long  period  in  the  historv  of  railways,  and 
Tery   many  important  changes  have  taken 
place  since  Mr.    William  Bridges  Adams's 
steam  carriage  **  Fairfield  '*  was  set  to  work 
on  a  branch  of  the  Bristol  and  Exeter  Rail- 
way, and  Mr.  Samuel  ran   the    **£nficld'' 
on  the   Great   Eastern — then   the    Eastern 
Counties, — line.     At   that   time   the   aver- 
age   weights  of  locomotives   and   carriages 
were  only  about  two-thirds  what   they  are 
now,    and     the  proportional    reduction    of 
dead  weight  effected  by  the  steam  carriage 
system    was   consequently   far  less  than   it 
would  be  at  the  present  day.     The  early 
steam    carriages,    also,   although   reflecting 
treat  credit  on  their  designers,  had  one  very 
important  practical  defect,  this  being,  that  the 
engine  proper  and  the  part  affordine  accom- 
modation for  passengers  formed  a  smgle  in- 
dirisible  vehicle,   and,   as  a  necessary  con- 
sequence,  the  carriage  was  exposed  to  the 
dirt  and  smoke  generally  to  be  found  in  an 
engine  shed.      The  early   steam   carriages 
were  also  wanting  in  flexibility,  as,  although 
they  were  fitted  with  a  contrivance  of  Mr. 
Adams's  for  allowing  a  certain  amount   of 
lateral  motion  to  one  of  the  axles,  yet  they 
were  not  adapted  for  traversing  sharp  curves, 
and  their  length  was  necessarily  limited.     In 
recent  designs,  such  as  that  of  Mr.  Fairlic, 
lately  illustrated  in  our  pages,  both  these 


defects  have  been  remedied  ;  such  a  system 
of  construction  being  adopted  that  the  pas- 
senger carrying  portion  may  be  readily  de- 
tached from  that  furnishing  the  motive 
power,  and  may  thus  be  housed  separately, 
whilst  the  double  bogie  system  gives  perfect 
facility  for  traversing  curves. 

Again,  the  whole  essence  of  steam  carriage 
construction  lies  in  effecting  every  possible 
saving  of  dead  weight ;  and  there  are  now 
opportunities  of  effecting  such  saving  which 
either  did  not  exist  or  were  not  recognised 
twenty  years    ago.      The  use  of  steel,  for 
instance,  as  a  constructive  material,  has  only 
become  common,  or,  indeed,  possible,  during 
the  last  few  years  ;  and  our  steam  fire-engines 
and  the  launch  engines  made  by  our  leading 
firms  of  marine  engineers  show  its  usefulness 
in  light  engine  construction.     It  is  in  fact 
by  the  employment  of  steel  for  boilers,  con- 
necting and  piston-rods,  pistons,  axles,  tyres, 
frames,  and  other  details,  that  the  principal 
reduction  in  the  weight  of  steam  carriages 
is    likely   to   be   effected.     The   saving   of 
weight  in  each  detail  may  doubtless  be  small, 
but  the  aggregate  of  such  savings  becomes 
something  considerable.     Then,  again,  it  is 
not  so  very  long  since  such  pressures  as  140 
lb.   or  even  160  lb.  per  square  inch  now  car- 
ried in  niany  locomotive  boilers  were  unknown 
in  railway  practice  ;  and,  as  a  necessary  con- 
sequence, no   advantage   was   taken  in   the 
earlier  steam  carriages  of  the  reduction  in 
weight  of  boilers  and  cylinders,  which  the 
adoption  of  such  pressures  renders  possible. 
So  far  we  have  only  spoken  of  what  we 
may  term  the  constructive  advantages  likely 
to  be  possessed  by  the  staem  carriages  of  the 
present  day  over  those  of  twenty  years  ago ; 
but   we  must  now  regard  the  question   of 
their  introduction  from  an  entirely  different 
point  of    view.     At  the  time  when  steam 
carriages  were  experimented  upon,  our  rail- 
way system,  as  a  whole,  differed  materially 
from  that  which  we  possess  now,  and  still 
more   materially  from  that  which    we   are 
likely  to  possess  before  many  years  have 
elapsed.     Twenty  years  ago  the  construction 
of  a  railway  was  looked  upon  as  an  import- 
ant work,  nowadays  railways  may  almost  be 
said  to  be  manufactured,  and  the  opening  of  a 
new  line,  unless  it  be  one  of  exceptional  im- 
portance, receives  little  more  attention  than 
the  completion  of  a  new  street  or  roadway. 
Twenty  years  ago,  when  the  total  mileage  of 
the   railways  of  the  United   Kingdom  was 
only  about  one-third  of  the  present  amount, 
branch  lines  formed  a  comparatively  unim- 
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portant  part  of  the  general  system,  and  light    riage.  With  an  iudependetit  lofrmiuj 
surfime  lineB^   serving   small  country   towns  |  the  weight  available   for  adhe- 
and  villages,  were  unheard  of.     At  the  pros-  [  to  that  of  the  engine  itself;  wu„  . 
ent  time,  on  the  contrary,   we  have   branch    aarriage  the  adhesion  weight  can  be  i 


lines  innumerable,  and  the  question  of  bow 
beat  to  work  branch  line  traffic  has  become 
one  of  the  luost  important  problems  with 
which  railway  men  have  to  deal ;  whilst  be- 
fore many  years  have  elapsed  the  necessities 
of  the  country  will  demand  the  additifin  to 
our  present  system  of  hundreds  of  miles  of 
light  railways  following  as  closely  as  possible 
the  surface  of  the  country  traversed  by  them, 
or  in  many  instances  constructed  along  roads 
already  existing — railways  which  it  will  be 
impossible  to  work  economically  with  the 
engines  and  carriages  at  present  in  use,  and 
which  will,  therefore,  have  to  have  special 
passenger-carrying  stock  designed  for  them. 
Now,  it  appears  to  us  that  in  the  numerous 
branch  lines  of  the  present  day,  and  the 
probably  still  more  numerous  light  surface 
lines  and  tramways  of  the  future,  there  is  an 
immense  field  for  the  employment  of  steam 
carriages,  which  had  practically  no  existence 
when  those  carriages  were  tried  twenty  years 
ago  ;  while  even  on  our  mainlines  there  are, 
as  we  have  on  previous  occasions  pointed  out 
in  this  journal,  certain  circumstances  under 
their  use  which  would  be  advantageous.  Wo 
believe  that  the  advantages  of  steam  carriages 
would  be  more  universally  recognised  if  they 
were  not  so  very  generally  regarded  as  some- 
thing entirely  distinct  from  ordinary  rolling 
stock.  A  steam  carriage  is  in  reality  no- 
thing more  nor  less  than  a  very  light 
train  and  very  light  engine  combined,  and  it 
should  be  regarded  as  a  combination  of  this 
kind,  and  nothing  else.  But,  it  may  be  said, 
why  not  employ,  in  place  of  a  steam  carriage, 
a  light  carriage  or  carriages,  of  the  ordinary 
form,  drawn  by  an  engine,  also  of  the  ordinary 
pattern,  but  of  light  construction  ?  At  first 
sight  it  may  appear  that  such  light  rolling 
stock  would  poBsesfl  all  the  advantages  off 
aleam  carriages,  and  obviate  some  of  their 
disadvantages  ;  and,  theoretically,  this  is,  no 
doubt,  the  case.  Practically,  however,  the 
construction  of  very  light  locomotives  of  the 
ordinary  pattern  involves  mauy  difficulties, 
and  we  do  not  hesitate  to  affirm  that  no  in- 
']  rident  locomotive,  capable  of  drawing 
i  :pLs  of,  say,  30  tons  or  so  over  lines  having 
mtxlerate    gradients,  and  capable  also  of  be- 


by  imposing  upon  the  wheeb  a  poriiou  vi  lac 
load  drawn — an  important  difierenct;. 

Taking,  then,  all  the  bearing  of  iht  tmm  1 
tion  into  consideration,  it  appeam  to  m,  w^  \ 
that  steam  carriages  may  now  !• 
which    will  fulfill  the   require  i 
traffic  for  which  they  are  Intended 
perfectly   than  those   formerly    tri^ 
secondly,  that  there  is  al  prese^ 
for  the  employment  of  such  ca:      _ 
here  and   abroad,    which   did  not   v 
exist.     Such  a  steam  carriage,  for  in>*         - 
that  of  Sir.  Fairlie,*  would  work  the  m     '- 
ger  traffic  on  any  of  the  Welsh  line^  »i  wUt, 
we  believe,  would  be  found  to  be  bat  %  izmll 
portion  of  the  cost  involved  under  thesyjUa 
at  present  adopted.     This  being  the  ctiicvt 
are  glad  to  find  that  a  company  has  h* 
ed- — under  the  title  of  the  Railway  ^ 
Association — to  bring,   amongst  otf 
ters,  steam  carriages  fairly   before  ' 
way  public.     The  company  whit  f       (   i^ 
but  a  few  members,  includes  sovct  i  ,  i  _ 
well  known  for  their  exp<?irienc©  in 

making  and  working,  as   well  as  oil , 

gineers  of  acknowledged  standing  in  Ihcif 
profession ;  and  it  has  purchased  this  wLole 
of  Mr.  Fairlie^s  patents  with  a  view  tu  tlit 
introduction,  both  here  and  abroad,  *'  '  ^' 
ing  8t<K*k  constructed  on  that  g«tj. 
plans,  and  particularly  of  his  stram^v^rruj^ 
system,  of  which  we  have  lately  had  iircaaioa 
to  speak  in  very  favorable  terms.  It  ii  |irp* 
posed  by  the  company  to,  in  the  first  lustukf^, 
place  these  c^irriages  on  one  or  ^ 
our  English  lines,  and  maintain  thi 
certain  percentage  of  the  receipts,  m  tial 
their  capabilities  may  be  fairly  and  publldj 
tested.  At  first  we  believe  that  it  ia  inte&tt* 
ed  to  employ  the  steam  carriages  for  bfiiiQ& 
traffic,  but  subsequently  the  sptem  oij 
probably  be  extended.  The  compsay  aU» 
propose  to  lease  and  work  railway?*,  «ai 
tramways,  and  let  locomotives  and  roUiitf 
stock,  and  we  do  not  doubt  that  they  vtU 
find  full  scope  for  their  operations. 

Ew  Method  of  Steam  GiNERATiof  — 


N 


Some  notable  results  have  latidy 


I  obtained  by  means  of  the  circnlaiion  d » 
,,,  ,      ii  „^        .        .,     I  stream  of  mercury  in  a  coil  of  pipe.    TV 

ing  run  steadily  at  speeds  of  30  or  40  miles  |  j^wer  end  of  the  coil  receives  th/heat,  whfli 
per  HHir,  could  be  constructed  with  such  a  |  the  upper  end  distributes  it  to  the  w^ur. 

-small  amount  of  dead  weight  as  an  engine  j _^ — 

Vming  part  of  a  well-designed  steam  car- 1     •£§•  TMiNMiramtYBfa^attUM^JIa.  4,pifilU* 


d^iita 
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lEASURE  OF  POWER  AND  FORCE. 

essor  Henry  F.  Walling  of  La  Fayette 
e,  in  referring  to  an  article  on  this 
t  published  in  the  "  Chemical  News."* 
I  that  the  expressions  MY  and  MV* 
th  proper,  but  independent  measuies 
)e ;  and  discusses  the  subject  as  fol- 

may  avoid  all  confusion  in  this 
'  by  adopting  the  modem  expedient  of 
different  names  to  the  same  asent,  in 
ering  the  different  effects  which  it 
.  If  we  define  force  to  be  that  which, 
associated  with  matter,  causes  it  to 

the  appropriate  measure  of  quantity 
e  is  "quantity  of  motion*'  or  momentum^ 
ented  by  MV ;  but  when  we  consider 
tn-k  which  is  performed,  or  to  be  per- 
1,  we  find  it  convenient  to  use  a  unit  of 
rement  entirely  different  in  its  nature 
that  of  quantity  of  force  or  motion ; 
hen  measured  by  this  unit,  we  term 
ting  cause  **po««r*'  or  ^^energy.'*  The 
mance  of  work  may  be  generally  de- 
ls the  moving  of  bodies,  or  parts  of 
I,  through  certain  definite  spaces^ 
It  continuous  ** resistances,"  or  opposing 

•  It  may  be  represented  in  the  form 
equation,  thus — P=pf,  proportional 

/'",  in  which  P  represents  the  quantity 
ver  or  energy  ;  py  the  continuous  pres- 
or  its  equal,  the  resistance ;  and  5,  the 
ice  passed  through, 
any  doubt  should  arise  as  to  which 
ire  is  the  proper  one  to  make  use  of, 
.ve  only  to  ask  ourselves  what  kind  of 
B  are  to  be  taken  into  consideration. 
I   the   operations   in   which   muscular 

*  or  motive  power  of  any  kind,  acting 
ffh  machinery,  is  concerned,  space  effects 
hat  we  have  to  do  with — that  is,  we 
to  estimate  the  spaces  through  which 
tr  is  moved  against  opposing  force  ;  and 

its  equivalent,  MV*,  becomes  the  cou- 
nt and  proper  measure.     On  the  other 

when  we  consider  the  effect  of  a  uni- 
y  acting  force  like  terrestrial  gravity 
in  narrow  limits),  in  giving  motion  to 
y  freely  acted  upon,  we  see  that  the 
which  becomes  associated  will  be  direct- 
the  time — that  is,  equal  increments  of 

will  be  added  in  equal  times ;  and 
we  find  that  equal  increments  of  velo- 
ure  also  added,  we  have  F  =/^  propor- 
1  to   MY  :  F  representing  the  entire 
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associated  force  ;  /,  the  force  developed  in  a 
unit  of  time  ;  and  t,  the  time. 

In  applying  these  principles  to  any 
'*  question  in  mechanics" — that  of  the  rail- 
way-train, for  instance — it  is  only  necessary 
to  state  the  question  clearly,  and  its  answer 
is  easily  given.  There  are  circumstances 
attending  the  motion  of  the  train  which 
tend  to  complicate  the  solution  of  the  pro- 
blem, namely,  the  resistance  of  the  air, 
friction,  etc.  Frictional  resistance  is  a  con- 
squence  of  motion  imparted  to  molecules, 
by  which  their  heat  is  augmented;  the 
resistance  of  the  air  is  simply  due  to  its 
inertia,  and  thus  a  large  part  of  the  power 
of  the  locomotive  is  consumed  in  space 
effects  upon  the  air,  and  the  atoms  or  mole- 
cules of  the  rails,  wheels,  axles,  etc.  Having 
no  exact  means  of  determining  the  aggregate 
amount  of  these  motions,  we  can  only  as- 
certain it  by  actual  experiment. 

We  may,  however,  simplify  the  question 
by  supposing  the  rails  to  have  just  sufficient 
inclination  downwards  in  all  parts  of  the 
train's  progress  to  exactly  balance  the  ex- 
ternal resistances  above  mentioned.  If,  now, 
you  would  know  the  moving  force  required 
to  give  the  train  a  certain  velocity,^  it  is 
clearly  measured  by  MY,  as  shown  in  the 
previous  editorial  article ;  but  if  you  wbh 
to  estimate  the  work  done  in  giving  it  this 
velocity,  or  the  work  the  moving  train  is 
capable  of  doing,  if  rendered  independent 
of  the  locomotive,  as  the  distance  on  a  level, 
or  up  an  inclined  plane,  it  will  move  against 
a  constant  resistance,  this  quantity  must  be 
measured  in  units  of  its  own  kind — that  is, 
of  psj  proportional  to  MY". 

In  estimating  the  amount  of  coal  which 
must  be  consumed  to  perform  a  certain 
amount  of  work,  we  may  suppose  that  the 
effect  is  due  to  the  falling  together  of  the 
atoms  of  carbon  and  oxygen,  increasing 
the  molecular  motion  or  heat  of  the  com- 
pound atoms  of  carbonic  acid  thus  formed. 
This  motion  is  transferred  to  the  aqueous 
,  molecules,  converting  them  into  steam  ;  the 
molecular  motion  of  the  steam  imparts  mo- 
tion to  the  piston  of  the  locomotive,  and, 
finally,  to  the  train  itself.  The  sum  of  all 
the  atomic  weights,  or  rather  attractions, 
multiplied  by  the  distance  through  which 
the  atoms  have  fallen,  is  the  amount  of 
work  which  they  are  capable  of  doing. — 
Hence  the  power  thus  generated  is  measured 
in  units  of  ps^  and  is  in  direct  proportion  to 
the  quantity  of  coal  consumed. 
We  perceive,  to  sum  up,  th«t  while  MY 
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ifl  the  true  measure  of  pure  force^  as  an 
abstract  quantity,  ps  or  MV*  is  the  proper 
measure  for  power  to  perform  all  mechanical 
operations. 

THE  Nkw  English  Turret  Sbips. — 
The  House  of  Commons  has  recently 
decided,  by  a  majority  of  seventy-six  votes, 
that  England  wants  three  new  men-of-war ; 
and  that  the  best  form  which  thetse  men-uf- 
war  could  assume  wa*^  tliat  of  turret  ships, 
each  4,400  ton^  burden,  285  ft.  long,  draw- 
ing 25  ft.  9  in.  forward,  and  26  ft.  6  in.  aft, 
propelled  by  twin  screw  enginei?,  nominally 
of  8U0  horse  power,  and  carrying  1,750 
tons  of  coal,  assumed  to  be  sufficient  for 
ten  days'  consumption  at  twelve  and  a  half 
knots— the  maximum  speed  to  be  attained 
— eighteen  days'  consumption  at  ten  knots, 
and  twenty -five  to  thirty  days*  consumption 
"at  a  low  rate  of  speed/'  a  slightly  in- 
definite parliamentary  phrase.  The  ships 
are  to  have  no  masts,  and  will  each  carry 
two  turrets,  and  two  twenty-five  ton  guns 
mounted  in  each  turret.  The  freeboard  of 
these  vessels  is  to  be  4  J  ft.  only.  The  bases 
of  the  turrets  are  to  be  protected  by  a 
heavily  armored  breast  work,  7  ft.  high. 
The  guns  will  be  raised  above  the  water  13 
ft,  2  in,,  and  will  fire  over  the  breastwork. 


These  vessels  are  criticised  by  #001*  iTi»1 
ities,  and  approved   by  others.     Tl 
undoubtedly  prove  useful  and  cScivi 
pecially   in  the  steam  eogineering  <kf 
ment,  and  their  adoption  shown  the  ptt 
appreciation  not  only  of  the  turret, ' 
the  Ericsson  system. 


The  cut,  which  we  take  from  "  The  Engl 
neer,**  is  rather  a  sketch  than  a  working 
drawingi   but  shows   the    general    dcBign. 


m  THE  CENTRIFUGAL  TORCE  OF  ^ 
TATLNG  SHAJTS. 

6j  W.  J.  Mftcqnorn  Biiikiiiej  C.B.^  LL.I>.j  fJLfc 
From  *»  Tb»  Siigioc«T.^ 

1.  Object  of  this  Conimunkntim^—lh 
object  of  this  commun  teat  ion  is  lo  --i-* 
in  a  form  suitable  for  praeticjil  apj 

the  results  of  a  mathematical  inre-: 
of  the  action  of  the  centrifugal  forci 
lines  of  shafting ;  an  action  of  nlhak  um 
similar  investigation  has,  to  my  ka«r«Ied^ 
been  hitherto  published  ;  although  it  is  iifti 
which  may  seriously  affect  the  0tns|Ck| 
durability,  and  economical  working  of  Sip 
chincry* 

2.  Centrifugal  whirling  desctihed  gm^ 
rally, — ^In  Fig.  1,  let  A  and  B  rfftrp-j^ot 
bearings  at  the  two  ends  of  a  rotatit; 

and  A  B  its  axis  of  rotation.  An 
deflection  of  the  center  line  of  the  &h 
the  axis  A  B  gives  rise  on  the  cue  L^^t  •«  i<> 
centrifugal  force,  tending  to  make  tbt  di* 
flection  ueeome  greater,  and  on  the  olW 
hand  to  an  elastic  stresH,  resisting  the  <U* 
flection,  and  tending  to  straighten  the  wa* 
ler  line  again.  The  resistance  to  deflecliot 
may  be  shortly  called  the  ttiffntis.  Far 
Very  small  deflections,  the  centrifugal  fofoi 
and  the  stiffness  both  IncreAM  aoeordiiglo 
the  same  law,  being  both  aeiisibly  pro^ 
tional  to  the  deflection  simply  ;  hencRwliickr 
ever  of  them  is  the  greater  for  an  iaiiil' 
nitelj  small  deflection,  continues  to  he  Un 
greater  until  some  deflection  i^t  rea«hi4 
which  causes  a  sufficient  diflferenoe  hdwcel 
thoir  laws  of  variation.  The  oonite<(Qeiee 
is,  that  if  for  an  indefinitely  small  deflfOtioi 
the  centrifugal  force  is  equal  to  or  greitcf 
than  the  stiffness,  the  shaft  inuHt  go  on  pr* 
manently  whirling  round  in  a  b«iQt  form,  w 
shown  by  the  curves  A  D  B,  A  cf  B,  tu  tk 
injury  of  itself  and  of  the  adjoiikifif  fBt* 
chin  cry  and  framing:  %  kind  of  BiatiiB 
whiL-h  may  be  called  centriju^  iMrim* 
On  the  other  hand,  if  for  an  iodeinftd} 
small  deflection  the  stiffness  is  grealer  tbi 
the  centrifugal  forco^  oentnlugal  whiriiog  '^ 
impossible. 
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.    2    repne^ 
by  the  our^ 

fagftl  wiiirl- 
!  an  over- 
ig  end  of  m 
the  direc- 
*  whose  &xt8 
xioD  KFla 
ly  tlie  bear- 

%  shaft;  df  ft  i«  D 
lengthf  dift-  ^ 

ftnd  mate* 
iiere  ia  a 
of  apecd, 
r  a  §haft  of 
D  dUmaier 
material, 
^  at  a  given 

there  \b  a 

of  length, 
which  cen- 
1  whirling  ii  imposiible, 
^-mural  Nature  of  the  Investigation* — 
athematical  expreBsion  of  the  oondi- 
f  the  problem  kadfi  to  a  linear  differ* 
equation  of  the  fourth  order,  Integra- 
'  means  of  circular  and  exponential 
ma.  The  intcgrab  are  (as  might  bare 
xp««ted)  Identical  iu  farm  with  tliose 
ed  hj  Poisson  in  his  investigation  of 
mnsTersc  vibrations  of  elastic  rods 
9  de  Mkamque,"  yoL  ii.,  §  528) ;  and 
if  the  numerical  resultB  calculated  by 
n  are  appHeablo  to  the  present  prob- 
The  relation   between  the  limits  of 

and  of  ipeed  depends  on  the  way  in 
the  nhaft  b  supported.  The  only  two 
fhich  will  here  be  given  are  those  re- 
ted  in  Figs.  I  and  2,  viz.,  the  shaft 
ted  on  two  bearings  at  its  ends,  and 
irhanging  shaft  with  one  end  fixed  in 
on<    The  general  equations,  however, 

the  problem  to  be  solved  for  an  i&- 

Q  number  of  different   ways  of  sup- 

I  the  shaft. 

^ormuia, — Let  g  denote  gravity  ( = 

.,,  or  d^Sl  meters  per  second);  H,  the 

IB  of  elasticity  of  the  material,  ex- 

i  m    ufiiiM   of   height   of  itself  (say 

8,000,000  ft.,  or  2,400,000  meters  for 

It  iron) ;  r,  the  square  of  the  radius 

ition  of  the  cross  section  of  the  shaft 

i     1       ■     /      diameter     , 
Lts  neutral  axis  (=  —  -m for     a 


rieil  shaft; 


diameter 
V12 


for    a    square 


'-(^)* 


shaft,  etc.)  and  a,  the  angular  velocity  of 
rotation  (^  2n  X  number  of  turns  per  ae^ 
cond)*     Calculate  a  oertain   length,  b^  as 

follows : 

.  .  (1) 

Thou  the  limit  of  length,  A  below  which 
centrifugal  whirling^  is  impossible,  bears  a 
ratio   to   h,  depending  on   the   manner   ia 
which  the  shaft  in  supported,  for  example : 
Shaft  supported  at  the  ends, 

=  3.1416^  (     '^> 

Shaft  overhanging ;  direction  of  one  end 

fixed,  /  =  0.595  TTi)      .^. 

-1.87  6  \  f^* 
In  practical  calculations  it  may  be  conve- 
nient to  put  instead  of  ^,  -,  ;  where  reia 
the  number  of  revolutions  per  second,  and 
A  =  j^  (=0.815  ft,,  or  0.248  meter,  near- 
ly) is  the  altitude  of  a  revolving  pendulum 
which  makes  one  revolution  in  a  second. 
This  gives  for  the  value  of  i, 

,.(HA^)l    .    .    .    (4, 

It  is  obvious  that  r  should  he  expressed  id 
the  same  units  of  measure  with  H  and  A ; 
for  example,  in  feet,  if  they  are  expressed 
in  feet. 

The  inverse  formulDc,  for  the  limit  of 
speed  below  which  centrifugal  whirling  is 
impossible  in  a  shaft  of  a  given  length,  /, 
are  of  course  as  follows :  Make  h^  0,3183/ 
for  a  shaft  supported  at  the  two  ends  .  .  (5) 
or  &  =  0.5347/  for  an  overhanging  shaft,  (6) 
then  the  limit  of  speed,  in  revolutions  per 
second  is 


n  =  - 


ir 


The  following  are  approximate  values  of 
H  A,  and  its  square  root  and  fourth  root, 
for  British  and  French  measures : 

HA  V'HA  (HA)i 

Feet,   .  .  6,520,000        25,500  160 

Meters,  ,     695,000  7,700  88 

5.  Shaft  with  additional  Load* — An  addi* 
tional  mass  turning  along  with  the  shaft, 
such  as  a  pulley,  has  little  effect  on  the  cen- 
trifugal force  when  it  is  in  the  usual  posi- 
tion— that  is,  close  to  or  near  to  a  bearing. 

The  effect  of  an  additional  rotating  load 
distributed  uniformly  along  the  shaft  may 
be  allowed  for  by  diminishing  the  heigh t, 
H,  of  the  modulus  of  elasticity  in  the  aame 
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proportion  in  which  the  weight  of  the  shaft 
itself  IB  less  than  the  gross  load. 

The  ciffect  of  qti  additional  rotating  load 
at  a  point  not  near  a  bearing  has  not  yet 
been  investigated.  The  problem  i»  capable 
of  solution  by  means  of  the  general  inte- 
gral already  known ;  but  it  is  not  of  much 
{practical  importance  ;  for  when  a  shaft  is  so 
ong  and  bo  rapid  in  its  rotation  aa  to  re- 
quire precautions  against  centrifugal  whirl- 
ings tlie  first  precaution  is  to  avoid  loading 
it  with  rotating  masses  which  are  not  very 
near  the  bearings* 
Glasgow  UKiv£itBiTir»  April  3,  I8d9. 


CONSERVATIVE  EKGINEERING. 

From  *«  The  Engineer," 

Some  twMve  months  Bince  a  pair  of  very 
handsome  Corliss  enginci?  were  put  to  work 
at  Woolwich  AriienaL  These  engines  have 
26  in.  cylluders  or  thereaViOuts,  and  are  got 
up  in  a  8tyle  whioh  leaves  nothing  to  be  de- 
sired* They  may  be  taken  as  types  of  the 
most  advanced  practice  of  the  day  and  as 
such  we  speak  of  them  here.  From  records 
carefully  kept  it  appears  that  their  average 
consumption  of  very  goad  coal  is  a  little 
over  S  lb.  per  indicated  horse-power  per 
hour.  We  tliiiik  most  employers  of  steam 
machinery  will  agree  with  us  that  this  is  a 
most  excellent  pertormance,  very  few  sta- 
tionary engines  of  moderate  dimensions  in 
our  manufacturing  districts  burning  less  than 
3.5  lb.  or  4  lb.  of  coal  per  horse- power  per 
hour.  As  far  back  as  1850  it  was  ealciila- 
ted  that  in  the  cotton  factories  of  Lancashire 
the  average  consumption  of  coal  was  between 
6  lb.  and  7  lb.  per  indicated  horse-power  per 
hour,  consequently,  at  first  sight,  the  Wool- 
wich Corliss  engine,  taken  as  a  type,  shows 
|hat  very  great  improvements  have  been 
made  in  steam  engines  during  the  last  twenty 
years  or  so.  At  the  risk  of  astonishing  our 
readers  we  venture  to  assert  that  the  im- 
provement exists  more  in  imagination  than 
in  reality.  In  other  words,  steam  engines 
are  now,  with  certain  exceptions,  as  regards 
the  consumption  of  fuel,  very  much  what 
they  were  in  the  day  of  James  Watt,  who 
was  not  quite  such  a  fool  as  some  modern 
engineers  would  have  us  believe.  It  would 
not  be  difficult  to  adduce  hundreds  of  cases 
to  prove  our  proposition  ;  one  will  perhaps 
auffioe.  Not  long  since  we  indicated  a  small 
fi  factory  engine  constructed  by  Boulton  and 
jWatt,  and  started  in  1811.  Our  diagrams 
showed  that  this  engiae  was  working  to  about  i 


one  half  more  than  its  nominal  power* 
consumption    of  indifferent  slack 
more  than  4^  lb.  per  horse^power  o«r  I 
For  repairs  during  the  mxtj  years  ue« 
has  been  at  work,  almost  witbmii  iol 
sion,  It  has  cost  little  or  nothing.  Bn4  it  I 
this  moment  in  excellent  con^r 
then,  we  have  evidence,  allow ii 
ference  between    coal    and   slack,  ^u 
show  that  the  most  improved  engine  i 
present  day  are  really  but  1  lb.  of  i 
horse-power  per  hour  better  than  tboMl 
half  a  century  since.     Ab  to  dorability^  i 
a  steam  engine  of  what  b  now  ihe 
type  has  lasted  half  a  century  and  is  s^t 
good  condition,  we  shall  beb**'^     '^  ^ 
living,  to  admit  that  work  dou 
at  least  as  good  on  the  whole  as  vum.  \ji 
forefathers. 

It  is  the  custom  with  too  many 
minded  engineers  to  run  duwn  aod  «l< 
the  works  of  the  mighty  heads 
that  have  gone  befure  them.  The  i 
objectionable,  and  to  be  depreoaled  hf  t 
right-thinking  man.  We  have  aut4i-3 
case  of  the  Corliss  engine  o: 
the  Watt  engine  of  1811  to  .-;..,. 
regards  factory  engines,  at  all  events.  1 
is  no  foundation  for  the  assutDpiimi  tiat  di 
modern  engineer  has  beaten,  and  alvayi  «a 
beat,  his  predecessors  by  an  LmaimiM  il» 
tance  ;  and  nothing  would  be  eaaier  thn  to 
cite  Jmndreds  of  other  «  ^  '  «rl^df4 
from  both  the  civil  and  m*  l.raaciia 

of  the  profession,  all  dcraontilii*iiitg  tbr  jcml 
truth  that  the  men  who  ha\e  fiaj^ed  iw«y 
from  among  us,  not  only  originated  ^ir^i  Oh 
vent  ions,  but  developed  them»  and  raft 
them  to  us  so  far  {perfected  that  we  fi&i  it 
no  easy  task  to  improve  upon  ihem.  Hf 
must  be  a  clever  man  who  eau  beat  Jam 
M'^att,  or  George  Stephenson,  or  Inambtiil 
Brunei  on  what  they  made  espceiallv  ^hmt 
own  ground  ;  and  nothing  is,  wt*  thinx,  Don 
unjuhtifiable  than  the  assertion,  but  t4Mi  oftiB 
made,  that  these  men  and  their  work  will 
not  bear  favorable  comparison  with  the  en- 
gineers of  the  present  day,  and  the  d^€4»d 
the  last  dozen  years.  We  have  lui  datiii 
whatever  that  the  assertion  is  based  <mhott^ 
convictions — if  any  conviction  ean  be  f^pxi^ 
ed  as  honest,  the  reasons  for  which  have  not 
been  thoroughly  sifted  by  thoae  who  hc4d»o 
them.  But  this  fact  has  not  suffioed  to  lift 
many  clever  men  from  commercial  vhipwrtek, 
or  to  elevate  others  from  the  great  Dia»  ^ 
snobs — Thackeray  used  the  word,  isoweiM«i 
not  apologise  for  it — Kadicals  in  moehaaifiil 
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s,  the  first  held  that  all  that  had  gone 
kiibre  their  time  must  he  susceptihle  of  im- 
fVOTemeBt ;  and  disdaining  to  helieve  that 
ispineers  of  sense  and  skill  had  ever  lived 
tOf  they  were  horn,  they  launched  out  into 
•sUmTsgance,  and,  enamoured  of  change 
tikej  adopted  it  for  its  own  sake.  For  a  time 
mak  men  daule  the  world,  and  then  they 
mmflj  go  out,  and  their  place  knows  them 
BO  more.  A  little  more  conservatism  of 
niiit,  a  little  perception  of  the  great  truth 
fmat  to  change  for  the  sake  of  changing  is 
ft  miBtake,  a  uttle  more  &ith  in  the  mental 
powers  of  the  engineers  who  have  passed 
■way  leaving  their  works  hehind  them 
M  ererlasting  testimonies  to  their  skill, 
vonld  have  enahled  many  a  modem  engineer 
to  win  honor  and  gold,  instead  of  that  dis- 
i4»pointment  and  penury  which  he  has 
brought  on  himself  hy  a  reckless  neglect  of 
ike  teaching  of  the  past. 

Let  it  not  he  thought  that  this  article  is 
written  without  a  special  purpose,  or  that  it 
ii  bosed  on  theoretical  considerations.  We 
write  it  with  the  special  ohject  of  warning 
tke  rifling  generation  of  engineers  against  a 
fttal  error  which  young  men  are  hut  too 
willing  to  fall  into.  This  error  consists 
•imply  in  holding  that  little  or  nothing  is  to 
be  learned  from  the  works  of  the  last  genera- 
tion. Most  young  mechanical  engineers 
determine  that  the  moment  they  get  a  chance 
tbey  will  originate  something  great,  or  pro- 
duce something  in  steam  or  general  machin- 
ery which  shall  surprise  the  world.  No 
greater  blunder  could  be  committed.  If  the 
yoong  engineer  has  talents,  he  will  find  in 
the  works  of  the  past  generation  much  to 
admire,  something  to  avoid,  and  a  great  deal 
to  imitate.  If  he  lacks  talent,  his  only 
cbanoe  of  success  is  to  adhere  to  the  beaten 
traek  of  precedent.  In  either  cose  it  is 
well  to  bear  two  facts  in  mind.  The  first  is, 
that  there  is  no  more  certain  road  to  success 
than  the  power  of  utilising  the  experience  of 
others  ;  and  the  second,  that  innovating  on 
established  practice,  is  one  thing,  while  ma- 
king money  is  quite  another. 

We  do  not  wish  to  be  misunderstood. 
While  advocating  a  conservative  policy  in 
engineering,  we  have  no  wish  to  stifle  in- 
vention, or  to  bar  progress  by  so  much  as  a 
q»ider'a  thread.  There  is  still  enormous 
room  for  improvement  in  numberless  depart- 
nenta  of  engineering,  and  we  wish  God 
■peed  to  every  one  who  endeavors  to  effect 
it.  What  we  deprecate  here  is  not  the  true 
spirit  of  improvement,  but  the  false  light, 


which,  taking  its  rise  in  ignorance  and 
vanity,  leads  men  to  commit  great  blunders, 
and  to  ensnare  an  innocent  public  in  the  net 
of  destruction,  yclept  a  limited  company. 
Those  who  honestly  determine  that  they  will 
improve  on  what  has  already  been  done  in 
any  special  branch  of  the  profession,  must 
begin  by  learning  thoroughly  what  has  been 
done,  what  remains  to  be  done,  and  what  those 
who  have  done  part,  have  thought,  and  said, 
and  written  upon  the  subject  as  a  whole.  No 
true  progress  can  be  made  in  engineering 
science  by  him  who  treats  the  works  of  a  past 
generation  with  contempt  simply  because  they 
are  old ;  and  as  years  and  experience  come 
to  men  they  will  begin  to  perceive  the  truth 
of  arguments  which  our  younger  readers  may 
feel  just  a  little  disposed  to  pooh  pooh.  Facts 
crop  up,  indeed,  every  now  and  then  in  a 
curious  and  unexpected  kind  of  way,  as,  for 
example,  that  whicli  we  cited  in  the  first  para- 
graph of  this  article,  which  should  suffice  to 
convince  the  most  sceptical  that  at  least  six- 
ty years  ago  engineers  might  be  found  in 
England  quite  as  clever  as  any  who  have 
been  born  since  ;  and  the  circumstance  con- 
veys a  very  important  lesson,  by  which  cer- 
tain modern  engineers  would  do  well  to 
profit. 


CALCINATION  OF  IRON  ORE& 

From  **  EDgineering." 

Some  months  ago  we  drew  attention  to  the 
ovens  designed  by  Mr.  Aitkin  for  this  pur- 
pose, and  gave  a  general  description  of  their 
objects  and  construction.*  Since  that  time 
we  have  received  an  account  of  the  results 
obtained  by  the  u^e  of  these  ovens  for  roast- 
ing corbonaceous  iron  ores,  such  as  black- 
band,  and  those  results  appear  to  justify  very 
fully  the  opinion  we  formerly  expressed  as 
to  the  value  of  Mr.  Aitkin^s  method. 

The  trials  were  commenced  at  the  Almond 
Iron-works  in  Scotland  early  in  1868.  Pre- 
viously to  that  time  the  average  make  of  the 
furnace  had  been  from  515  tons  to  720  tons 
per  month,  and  the  consumption  of  materials 
per  ton  of  pig  iron  made  had  been  on  the 
average : 


Coke. 

Iron  Ore. 

Lime 

cwt. 

cwt. 

cwt. 

27-iV 

38 

10 

Actually  the  fuel  used  consisted  of  about 
one-third  coke  with  two-thirds  raw  coal,  and 
the  corresponding  proportion  of   coke  has 


*  Se«  **  EngineeriDgy**  vol.  Ti.j  pp.  501  and  563. 
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been  cftloalated  on  the  basi^  thut  1   too  of 
coke  equals  2  tons  of  raw  conh 

Since  the  eummenceiuent  of  the  trials  this 
furnace  lias  been  worked  with  coked  iron- 
Btone  in  the  proportion  of  about  40  per  cent., 
and  about  00  per  cent,  of  a  mixture  of  one* 
sixth  of  a  poor  lean  blackband,  put  in 
calcinedi  and  of  five-sixthH  clay  iron  ore, 
very  difficult  to  reduce  in  the  fiirnaeet  and 
eottietimes  containing  as  much  aa  20  per  cent. 
of  Hilica  after  calcination. 

The  coked  ironstone  has  been  analysed  by 
Dr.  Penny*  who  re[>ort8  it  to  have  the  fol- 
lowing composition,  viz. : 

Per  cent. 

Metallic  iron.... 16.23  =  iron  16.23 

Protoxide  of  iron 36.29  =  ,,      2»M 

Peroxide trace. 

Sulplildo 2.09  1.83 

Lime.. 107  

Magnesia 2,50  45.62 

Phosphates,  fitc ^M 

Silica  and  clay 8.00 

Fixed  carbon 27 .20 

Water , 2.60 


90.01 


By  the  analysts  of  Staffordshire  blackband 
fiiniilarlj  treated,  the  amount  of  iron  in  the 
nietallie  state  was  36.48  ;  that  of  protoxide, 
33.66  per  cent.  The  slag  obtiiined  in  work- 
ing the  furnace  with  calcined  ore  was  found 
to  be  very  free  from  metallic  iron. 

During  the  eleven  months  that  calcined 
ore  ban  been  used,  the  make  of  the  furnace 
ha8  been  on  the  average,  GOO  tons  per  month, 
ranging  from  567  to  741  tons.  The  con- 
sumption of  coke  per  ton  of  pig  iron  made 
ban  varied  from  1  ton  8  cwt,,  when  only  8 
per  cent,  of  the  coked  ironstone  was  Ui^ed,  to 
17  J  ewt.  when  the  proportion  used  amounted 
to  4li.^  per  cent.  Throughout  this  period  the 
proportion  of  the  coked  ironstone  was  gradu- 
ally increased  from  8|  per  cent,  to  42J  per 
cent,!  atid  the  tabulated  quantities  of  fuel 
consumed,  show  that  the  saving  of  fuel  was 
proportionate  to  the  amount  of  calcined  ore 
in  the  working  charge.  With  the  largest 
proportion  of  the  coked  ironstone,  this  sa- 
ving amounted  to  35  per  cent.,  or  9Jcwt.  of 
coke  per  ton  of  pig  iron  made,  for  in  the 
place  of  the  former  average  consumption 
with  raw  ironstone  of  27  ewt.  per  ton  of  pig 
iron,  the  consumption  with  coked  ironsitone 
was  only  17  J  ewt.  per  ton  of  pig  iron.  Thi^ 
laot  considered,  together  with  the  refractory 
nature  of  the  clay  ironstone  aniomiting  to 
more  than  one-half  the  burden,  would  seem 
l9  afford  conclusive   evidenco  that   a  very 


great  advantage  is  to  b-^  <rrMrM  .!  T.v  .il.- 

the  iron  ores  of  a   ca 

cording  to  Mr.  Aitkiij  »  i-i 

there  would  be  a  great  pr 

ing  a  still  more  considerabic   su>i..j,  ^ 

in  the  smelting  of  the  ore  if  the  woolt 

den  of  the  furnace  were  coked  black-T 

The   Shotts   Iron  Company  hare 
commenced  working  with  ooked 
Formerly  the  burden  of  the  fomace 
ed  of  14 J  ewt.  coal  and  14 ^  ewt. 
ironstone,  and  since  uaing  the  cak<>d 
has  been  only  8|  ewt.  of  ooal  to  U| 
of  ironstone. 

The  amount  of  fixed  carbon  in  tbt 
blackband  above  referred  to  la  equi' 
about  5  J  ewt.   of  coke   per  ton  of  Ut» 
and  since  that  would    be  to  a  gnat 
burnt  away  by  calcining  the  oro  m 
heaps,  it  mast  be  regarded  as  ici  mi 
saved.     Besides  this,  the  calcination 
ovens  admits  of  the   volatilL^able  p<;u%iu&4 
the    bituminous  contents  of  the  ore 
turned  to  account  either  a^  fuel  or 
wise.     This    is  a   further  source  of  w 
besides  this,  it  must  be  remeraberiid 
calcmmg    in  close  ovens  tl»e   oiiill^iiM?  m^ 
fluence  of  atmo&pheric  air  is  M 

consequently  the  work  of  red;*w.*._  '^ 

may  be  in  part  performed  in  the 
kiln,  leaving  so  much  the  leas  to  be  umuc  m 
the  blast  furnace,  as  ia  abown  by  the  annBl 
of   metallic   Iron   in    the    ookcd  mnntm 
referred  to  above* 

Any  one  who  has  seen  blackband  trooBtflU 
calcined  in  the  open  air  calcining  beapiBiiil 
have  been  struck  by  the  enormous  amnBut 
of  combustible  material  that  is  bein^  Aliapl| 
got  rid  of  in  that  operation,  and  by  refcrcofit 
to  the  analyses  of  this  ore  it  will  be  tividist 
that  the  carbonaceous  portion  which  hM 
hitherto  been  almost  entirely  waited,  mat 
amount  to  as  much  as  three-fourtha  of  lii 
fuel  subsequently  used  in  the  blast  furaaie 
for  reducing  and  melting  the  ore.  Mr,  Tv* 
ran*  has  estimated  the  possible  Having  lo  W 
effected  by  substituting  kilns  for  upvo  iir 
calcination,  as  amounting  in  ibc^  oaie  d 
Scotch  blackband  to  as  much  as  lOs.  ptsrtflt 
of  pig  iron,  and  his  experience  at  tKe 
lais  Works  of  calcination  in  kiln«  a» 
pared  with  open  air  Ciilcination,  is  doci 
in  favor  of  the  former  plan,  for  evvn 
allowing  for  the  interest  of  outlay  for  Wal^ 
the  cost  of  labor  and  fuel  is  much  b^^«  vitk 
open  air  btsaps. 


*  The  Iron  Maaafacturc  of  GfcaiBdtatB,  f*  li 
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neb  a  mode  of  effecting  economy  of  fuel 
1  business   where  the  gross  quantity   of 

consumed  is  so  enormous  should  receive 
earnest  attention  of  those  concerned,  and 
«  is  probably  no  case  in  which  such 
lomy  and  reduction  of  working  expenses 
lore  necessary  than  in  iron  smelting.  We 
■efore  hope  Mr.  Aitkm's  plan  of  calcina- 

may  be  taken  up  by  ironmasters  active- 
lad  tbat  we  may  soon  be  in  a  position  to 
MTt  its  extensive  adoption. 


REVOLVING  SODA  FURNACK 

rrmaaUted  from  «  Annalet  da  06nie  Civil." 
[.  Laroy,  professor  of  Chemistry  at  the 
tral  School  of  Arts  and  Manufactures, 
e,  at  a  recent  session,  a  communication 
he  subject  of  ** revolving  furnaces,*'  as 
1  in  England  for  the  manufacture  of  soda, 
material  so  designated  is  the  carbonate 
KKla,  which,  according  to  its  various 
10,  is  called  "crude  soda,"  "sal  soda," 
*crjstalized  soda."  It  is  an  article  of 
le  necessity,  being  indispensable  in  the 
a&eture  of  glass,  soda,  bleaching  ma- 
d«  and  in  numberless  other  arts.  Its 
Loction  is  an  important  branch  of  French 
istrj.  An  important  accessory  result 
the  increase  in  the  manufacture  of 
hnric  acid,  which  is  largely  used  in  the 


he  production  of  artificial  soda,  by  the 
J  is  altogether  an  art  of  French  origin, 
[g  invented  by  Lcblanc,  whose  name  and 
Is  are  too  little  remembered  in  France. 
I  remarkable  that  the  process  employed, 
apparatus,  and  even  the  proportions  of 
mixture,  are  the  same  as  those  used  by 
inrentor,  notwithstanding  all  the  research 
;h  has  been  made  during  three  quarters  of 
nturj  with  the  design  of  improving  them. 
[.  Lamy  describes  the  manufacture  by 
use  of  sulphate  of  soda,  chalk  and  char* 
,  heated  to  a  pasty  fusion  in  a  reverbera- 
'  fiimace  called  a  soda  furnace.  The 
rtion  takes  place  at  a  high  temperature 
neans  of  vigorous  stirring,  which  requires 
work  of  skilled  laborers,  strong  and  in- 
Lgent,  and  receiving  therefore,  liberal 
es.  Crude  soda  is  thus  produced,  from 
Dhy  by  lixiviation  and  crystal izat ion,  is 
meted  the  80  to  35  per  cent,  of  carbonate 
(ained. 

*he  French  manufactories  produce  an- 
Uy  about  100,000  tons  of  the  various 
I  of  soda,  and  in  England,  where  the 
loction  is  largest,  it  amounts  to  300,000 


tons.  The  high  price  of  the  requisite  labor 
has  led  to  a  vigorous  search  for  some  sub- 
stitute for  manual  labor.  Two  systems  have 
been  proposed  ;  the  first,  that  of  Mr.  Pattin- 
son,  effects  the  mixture  by  means  of  iron 
agitators  attached  to  a  spindle,  fixed  in 
the  center  of  the  furnace,  and  receiving  its 
motion  from  a  steam  engine.  This  system 
was  speedily  abandoned.  A  more  success- 
ful attempt  is  the  revolving  furnace  of 
Messrs.  Elliot  &  Russell,  perfected  by 
Messrs.  Stevenson  &  Williams,  at  the  chemi- 
cal works  at  South  Shields  near  Newcastle. 
It  consists  of  a  large  cast  iron  cylinder  about 
5  meters  long  (horizontally)  and  3  meters 
diameter,  lined  in  the  interior  with  refrac- 
tory bricks.  Its  interior  space  is  not  cylin- 
drical, but  is  enlarged  in  the  middle,  in  or- 
der to  keep  the  materials  in  the  center — 
shaped  in  fact  like  a  cask.  It  has  also,  in 
the  interior,  two  longitudinal  ribs,  situated 
diametrically  opposite  each  other,  in  order 
to  effect  more  thoroughly  the  mixture  during 
the  revolution.  The  cylinder  rests  upon 
four  friction  wheels,  which  are  supported 
upon  a  massive  frame.  On  the  exterior  cir- 
cumference are  teeth,  gearing  with  a  pinion 
driven  by  the  engine  at  any  desirable  speed. 
The  charging  hole  is  in  the  middle  of  the 
circumference,  and  closed  by  a  cast  iron  gate. 
The  openings  at  the  ends  serve,  one  for  the 
introduction  of  fire  from  an  adjoining  furnace, 
the  other,  for  the  escape  of  the  products  of 
combustion,  which  are  carried  off  into  vari- 
ous accessories,  and  utilized  in  the  solutions, 
evaporation  and  lixiviation.  The  communi- 
cation of  fire  to  the  cylinder  is  made  by 
means  of  a  movable  flue,  held  by  a  chain, 
and  lined  with  fire  brick,  without  which, 
small  and  unforeseen  derangements  might 
cause  accidents.  A  great  amount  of  fire  is 
indispensable  to  a  sufficiently  energetic  action 
throughout  the  whole  of  the  furnace.  To 
"cook*'  a  charge  of  soda,  the  cylinder  is  raised 
to  a  red  heat,  and  turned  into  such  a  posi- 
tion that  the  charging  hole  corresponds  to  a 
chute,  in  towhich  the  barrows  dump  the 
materials  for  the  charge,  which  consists  of 
1,300  kilog,  of  carbonate  of  lime,  500  kilog 
of  coal,  broken  up  quite  small.  The  cylin- 
der is  then  given  ten  revolutions  per  hour, 
or  a  turn  in  six  minutes.  After  an  hour  and 
a  quarter  the  lime  is  calcined,  and  there  is 
then  added  to  the  charge  1,160  kilog  of  sul- 
phate of  soda,  with  180  kilog  of  coal,  and 
the  cylinder  is  revolved  at  the  same  rate 
half  an  hour  longer.  At  the  end  of  that 
time  the  reaction  commences  with  the  fusion 
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of  the  materials,  and  the  veWity  ia  increased 
to  two  turns  per  mmute.  The  operation 
terminate8  in  about  half  an  hour  at  thiji  rate 
of  rotation.  The  cylinder  is  stopped  with 
the  charging  hole  at  the  lowest  point,  and 
the  serai-fluid  soda  ii*  drawn  off  into  vessels* 
moving  upon  tram-wayd  underneath. 

This  operation  lasta  two  hours  and  a 
quarter,  and  admits  of  six  heats  and  a  total 
production  of  18,000  kilog  of  crude  soda  in 
24  hours,  whieh  is  three  times  the  product 
of  an  ordinary  good  English  furnace.  The 
heat  is  distributed  in  the  most  uniform  man- 
ner, the  sulphate  is  more  perfectly  decom- 
posed, the  operation  more  completely  pro- 
tected from  the  aceess  of  air,  the  manual 
labor  greatly  diniiuishtd,  and  the  eonsunip- 
tiofi  of  coal  reduced  in  the  ratio  of  *iti2 
kilog  to  544  or  about  one  third.  It  wais 
found  at  the  outwet  that  tlie  plant  was  very 
expensive  and  subjeet  to  frequent  disarrange- 
ment. Lately,  however,  the  patents  have 
expired,  and  the  details  of  the  furnace  have 
been  perfected  ho  that  it  works  with  all  dc- 
Birable  regularity,  and  costs,  in  England,  not 
more  than  85,000  francs,  Mr.  Stevenson 
has  mounted  four  of  these  furnaces  in  his 
establishments,  and  a  dozen  others  are  work- 
ing elsewhere  in  England — notably  at  Wid- 
ness  and  h»t.  Helens.  They  are  built  by  Mr. 
Kobert  Daglish  at  the  St.  Helens  foundry  in 
Lancashire. 


PULLEYS  WITH  LEATHER  COVERim 

TraflslAt«d  from  **  Polyt  Ceotralblfttt/* 

The  sliding  or  slipping  of  belts  on  the 
pulleys  is  an  evil  experienced  by  almost 
every  one  whose  business  depends  on  ma- 
chine power.  Various  means  have  been 
devised  to  avoid  it.  One  of  them  is  to 
8trew  powdered  rosin  or  pitch  on  the  inside 
of  the  belt.  Another  is  to  cover  the  pulleys 
with  wood,  A  third  is  to  give  the  rim  of 
the  pulley  a  curved  surface.  These  means 
are  only  palliatives,  and  lack  a  thorough, 
steady  and  contiuued  action^  llosiu  and 
pitch  are  soon  pressed  into  the  leather,  when 
they  not  only  lose  their  efficacy,  but  con- 
tribute to  the  rotting  and  destruction  of  the 
belts.  A  wood  oovering  on  the  pulley  gets 
polished  in  a  short  time  and  is  then  &s  slip- 
pery as  iron.  It  is  therefore  necessary  to 
jre<^uently  roughen  its  surface,  by  whieh  op- 
eration the  diameter  of  the  pulley  is  dimin- 
ished and  the  proportions  of  the  transmission 
mrt  altered,  A  convexity  of  the  rim  of  the 
•0J  ia  very  effective  to  prevent  the  drop* 


ping   off  of  the   belt,   espceially  vte  ' 
pulley    has    a   horizontal    posidoij;  ' 
counter  acts  the  slipping  of  the  belli 
a  small  extent. 

We  therefor  take  pleasure  in  i 
ting  to  the  public  ft  mechanical  conttifi 
which    completely   preTents  the  Mi 
belts  and  all  the  great  disadvantage*  i 
ing  from  it.     It  consists  in  coverijif 
leather  the  working-surfaee  of  the 
As  the  friction  of  leather  on  leather  if  i 
to  five  times  that  of  leather  on  iron,  i 
leather  can  be  roughened  and  be  < 
in  that  condition,  it  is  evident  that  a  i 
of  the  belts  cannot   take   place  oo 
covered  with  leather,  not  even  ikm 
the  belts  have   to  transmit  the  very 
amount    of  power.      We     have 
pulleys  working  in  sugar  f 
in  manufactories  of  Germ 
mills,   machine  shops,  Ba^ 
many  other   mechanical    l .,-,.- ^*meii 
all  of  which  they   have   proved  oC  i 
usefulness  and  great  practical  valac. 
pulleys  which  have  to  nin  with  a  great  i 
city,    Bs,   for  instance   thode  that 
drive  blowers  and  saw-frames,  ai 
with  pulleys  of  small  diameter,  vlikh  i 
to  transmit  powerful  strains,  the  i 
(jf  a  leather  covering   are   especially 
But  besides    these  evident  advanta|vt1 
result  from  the  avoidance  of  the  aUp  ' 
leather-covering  on  the  pulley  pre 
belt ;  in  the  iirsi  place  becaoae  the  belli 
not  require  tightening  so  hard,  th«  f ' 
being   considerably   tncreased  ;  and  m  d#1 
second  place  because  there    is  n^^  -    "^ 
for  a  rapid  rotting  of  the  bolt, 
rapid  rotting  is  generally  caused  h^  iu'  i 
that  under  the  influence  of  the  heat  prralnA^J 
by  friction  the  tannic  and  sebactc  acid*  i 
tained   in  the  leather  of  the  bells, 
chemically   with  »ome   of  the  irOA  €f 
•pulleys,  forming  a  bard  compooiid  is 
belts,  which  produces  what  ia  oalM  i 
ncss  and  frequently  causes  breakagaa. 
evil  is   of  course   avoided   by  «Ofe  ' 
pulleys  with  leather.     These  cor«rad ) 
are  manufactured   by  Mr.    8,  PremiiJf'^ 
8  Ncuenburger  Strasae,  Berlin,  (Pr 
The  coverings  are  fixed  to  the  palUyj  ly  t 
kind  of  paste  or  giuo,  which  bardeiiA  i 
very  short  time  and  sticks  so  wdl  to 
and  leather,  that  the  greatest  forcw  < 
transmitted  by  the  pulleys  without lo 
the  leather.     The   operation  of  oof 
very  simple  and  can  be  done  and  : 
every  intelligent  workman.     The  ae 
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f  is  prepared  to  send  coveriDgs  and 
broad,  together  with  fall  and  explicit 
ions  showing  the  way  to  put  them  on. 
rice  is  If  Prussian  thalers  per  square 
f  leather,  including  the  glue.  (Berg- 

S. 


MERCHANT  MARINR 

PTAOES  OF  IRON  SAILINQ  VESSELS. 
led  from  the  «<ReTa«  Maritime  et  Coloniftle.'* 

lems  tolerably  certain  that  iron  sail- 
seLs  are  to  play  an  important  part  in 
are  of  the  merchant  marine.  They 
re  substantial,  more  durable,  and  of 
*  carrying  capacity,  than  wooden  ves- 
the  same  displacement.  They  attain 
great  speed,  or  even  greater,  for  they 
I  constructed  of  greater  length,  and 
apacity  increased,  while  maintaining 
le  spread  of  canvass,  and  consequent- 
tame  equipage.  The  length  may  be 
es  the  beam,  in  an  iron  vessel,  with- 
ierfering  with  facility  of  mancBuver- 
rbe  damages  to  a  metallic  hull  may  be 
d,  at  least  provisionally,  in  almost  any 
ritbout  interfering  with  its  service- 
,  or  capacity  of  continuing  its  voyage. 
,  iron  ships  behave  as  well  as  wooden 
md  resist  better  the  stress  of  storms. 
East  India  navigation,  iron  hulb  are 
om  all  fears  of  rot,  which  at  the  end 
or  seven  years,  and  sometimes  earlier, 
s  wooden  vessels  engaged  in  carrying 
liable  cargoes,  such  as  rice,  sesame. 
Moreover,  French  vessels  which  fre- 
Indian  seas,  being  generally  of  small 
lerate  tonnage,  often  find  it  advanta- 
io  obtain  local  employment  there, 
h  return  to  Europe  holds  out  no  hope 
&t.  But  it  often  happens  that  wooden 
I  cannot  avail  themselves  of  these 
unties,  either  through  fear  of  having 
into  dock  in  a  foreign  country,  or  to 
repairs  at  some  far-off  port,  which  are 
onsly  expensive.  With  iron  vesseb 
inconveniences  are  avoided. 
Calcutta  there  are  always  about  forty 
f  iron  vessels,  of  about  50,000  tons 
ther,  which  always  obtain  preference 
)den  vessels,  and  generally  at  a  higher 
It  is  well  understood  by  shippers 
it  port,  that  iron  vessels  generally 
r  their  cargoes  in  a  more  satisfactory 
too  than  wooden  ones.  Masts  and 
yardfl  of  iron  and  iron  top-sail  yards 
ilso  great  advantages,  both  in  respect 


of  durability  and  staunchness.  Some  Eng- 
lish vessels  have  abo  the  top-masts  and 
standing  jib-booms  of  iron.  Iron  wire  rig- 
ging is  generally  adopted  in  vessels  making 
long  voyages.  A  suitable  application  of 
paint  to  protect  the  bottom  is  indispensable 
for  the  preservation  of  plates  and  rivets. 
Great  care  is  necessary  in  taking  such  a 
vessel  into  dock,  since  it  will  not  toke  paint 
properly  until  it  has  been  scraped,  scoured, 
washed,  and  perfectly  dried.  After  a  pas- 
sage of  one  hundred  days  from  Cardiff 
to  Calcutta,  the  writer's  vessel  had  not 
diminished  her  speed  at  the  end  of  the 
voyage. 

It  is  desirable  that  the  French  Veritas 
adopt  for  iron  vesseb  the  system  of  classi- 
fication of  the  Englbh  Lloyds. 


SANITARY  Treatment  of  the  Refuse 
OF  Towns  and  the  Utilization  of 
Sewaqe. — Mr.  Menzies  lately  read  a  paper 
on  this  subject  before  the  Institute  of  Sur- 
veyors. The  paper,  besides  dealing  general- 
ly with  the  subject,  was  devoted  to  mi  ex- 
position of  the  **  separate  system  "  of  drain- 
age of  which  Mr.  Menzies  is  the  originator. 
That  system  is,  that  the  rainfall  shall  in  all 
cases,  as  a  principle,  be  entirely  separated 
from  the  sewage  ;  the  rainfall  being  convey- 
ed to  the  nearest  outlet,  and  the  sewage  to 
the  most  appropriate  land  for  utilization. 
The  advantages  claimed  for  the  idea  are 
many.  The  first  anticipated  is,  that  there 
will  be  no  gullies  or  openings  into  the  streets 
communicating  with  the  foul  drains  by  which 
effluvium  can  rise  into  the  streets  or  court- 
yards ;  the  second,  that  men  will  not  require 
to  enter  into  the  drains  to  clean  out  the  sand 
and  grit  from  the  roads;  the  third,  that 
no  over-flows  of  foul  or  sewage  matter  will 
be  necessary ;  and  the  fourth  and  most  im- 
portant, that  the  treatment  at  the  outlet  by 
irrigation  will  be  uniform,  economical,  and 
practically  perfect.  The  fifth  advantage  is, 
that  perfect  and  continuous  removal  of  all 
sewage  may  be  secured  by  a  complete  sys- 
tem of  fiushing,  under  command  at  all  times 
and  at  all  seasons  ;  and  it  is  worth  observing 
that  the  greatest  fiushing  will  be  necessary,  or 
rather  desirable,  in  the  tovm  in  dry  weather, 
just  when  the  fields  outside  will  take  it  best. 
The  sixth  advantage  is,  that  when  pumping  is 
necessary,  as  it  is  in  such  a  vast  number  of 
cases,  the  economy  will  be  very  great.  The 
idea  was  first  brought  before  the  public  by 
Mr.  Menzies  in  1865. 
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THE  BESSEMER  FLAME. 

Front  a  p»per  re*d  before  the  Pbilci^pliioAl  Society  of 
GlMgow,  by  Tbomiifl  How*n,  F.CS.,  F.B.S.6.A., 
Atta<  Worki^  Cll&agow. 

The  Bessemer  proeefis  for  the  manufacture 
of  steel  is  now  aiuoiig  the  mont  iuiporlant  of 
our  inetiillurgicnl  upe rations^  the  chemical 
changen  being  as  interest  lug  as  the  mechani- 
cal appliauoes  desired  for  the  Avcirking 
of  the  proeees  are  ingenious.  On  account 
of  its  comparatively  recent  introduction 
among  established  iudustriop,  it  affordi^  an 
ample  field  for  scientifio  investigation ;  and 
there  is  no  feature  of  the  process  at  once  so 
interesting  and  important  as  that  of  the  flame 
which  issueii  from  the  "eouvertlng  vessel." 

The  success  of  a  *'blow"  undoubtedly 
dcpendti  cm  the  accuracy  and  completeness  of 
many  details,  but,  of  them  nil,  the  most  im- 
portant is  to  know  and  latch  that  moment  in 
the  existence  of  the  flame,  when  the  carbon 
ia  the  iron  has  yielded  its  la^t  trace  to  the 
oxygen  of  the  air. 

If  a  charge  is  **  overblown/*  that  is  if  it  be 
subjected  to  the  action  of  the  air  for  too 
long  a  period,  or  if  it  be  **  under-blown,'* 
that  13  if  the  admission  of  air  is  stopped  be- 
fore the  proper  chemical  action  has  been  com- 
pleted, the  steel  will  be  found  to  be  dcfeetive 
in  proportion  to  its  unskilful  treatment. 

The  flame  issuing  from  the  converter  is  the 
index  of  these  changes  which  the  molten 
mass  of  metal  is  imdergoing  during  the  pro- 
cess ;  but  the  exact  moment  of  decarburjsa- 
tion  i«  often,  from  a  variety  of  causes,  dif- 
ficult to  determine. 

It  is  for  these  rca.'^ng  that  the  examina- 
tion of  the  flame  forms  the  point  of  attrac- 
tion of  th«  process,  and  I  have  thought  it 
might  not  be  uninteresting  to  describe  the 
general  appearance  which  thif*  fiame  presents 
to  the  eye,  and  some  experiments  which  my 
brotlier  has  made  with  the  spectroscope,  and 
with  colored  glasses,  for  the  purpose  of  more 
readily  determining  that  critical  period  or 
**  change  "  in  the  flame  which  I  have  spoken 
of.  The  success  of  these  latter  experiments 
has  enabled  him  to  attain  the  object  for 
which  they  were  commenced^  and  he  has  de- 
signed an  instrument,  which  I  shall  describe 
hereafter,  by  which  the  ♦*  change*'  io  the 
flame  is  more  easily  determined. 

1.  THE  GINBRAL  APPKAEANCE  OF  THE 
FLAME  TO  THE  EYE. 

When  the  vessel  is  first  turned  up  a  shower 
of  brilliant  sparks  is  ejected  owing  to  the 
force  of  the  blast  reaching  first  n  thin  layer 


of  metal  as  the  Teasel  slowly  swmp 
the  vertical  poditioti. 

From  0°  to  3  or  4  minutei. 

When  the  fall  head  of  mctJil  ttifv 
blast,  at  first  for  three  or  four  mixn&ttfw 
is  scarcely  any  flame,  only  a  curreMef 
hot  gases  and  very  nuuieruus  sparki. 

From  3  or  4  to  5  or  6  mmutea. 

Gradually  a  small  pointed  f^'*"-  ^^^ 
in  the  centre  of  the  sparks,  ai 
increases  in  size  without  gainiiit  iiiu'-i 
liancy  for  two  or  three  minutiea. 

From  5  or  6  to  S)  or  10  ininuieii. 

During  the  next  period  of  4  or  5 
the  flame  is  very  uii.*i?  '    th  to  i 

in  position,  and  its  <  n-^  w« 

panied  by  hollow  souuda  i^  of 
explosions  in  the  interior  of  the 

From  9  or  10  to  11  or  12  minuta„ 

Streaks  or  flashes  of  brighter  flkmc 
shoot   up  through   this   eoui^tarattvidy 
luminous  flame,  and  within  1  or  *J 
give  place  to  a  continuous  stream  of 
and  brilliant  fire  which  rushes  hf 
chimney  and  illuminates  the  entiff 
often  casting  the  shadows  of  the  crmti. 
against  the  windows  through  whidi 
is  shining. 

From  11  or  12  to  15  or  16  mmiilti^ 

This  flame  gradually  Im 
more  transparent  wilhuur  uj 

brilliancy  during  the  (y  or  T  citiDttl^fl 
'*blow,"  which  generally  rcmaiii*, 
suddenly  (preceded,  however,  by  a  Cow 
and  peculiar  sounds  from  the  Int^^nor 
vessel  )t  loses  its  brilliancy  and  mu 
stse,  and  drops  down  within  ^bou.  — .  - 
minute  to  about  the  mze  it  had  nst^M  it 
about  5  minutes  of  the  blow,  thi*  im* 
however,  being  both  more  dense  and  ww 
luminous  than  the  flame  at  Uial  oifiir 
period. 

Any  of  the  stages  described  may.  6*i  * 
variety  of  causes,  be  pr*>longed  ;  of  an  »• 
sufficiency  of  blast,  )  r  eansid,  mj 

lengthen  the  entire  )  t  iHe  •*ttBt** 

for  several  minutes,  but  the  above  i*  a  hir 
average  *'  blow  *'  with  the  best  Knglt^  h*n»- 
tite  pig  iron.  If  inferior  iron^  &ru  ii#ed  iW 
flame  at  the  change  is  more  or  lead  envvln^ 
ed  in  a  dense  white  smoke,  and  (ht  elktfp 
is  acetmipanied  by  violent  pulsatkoi  ^ 
**  coughing  '*  of  the  entire  flame,  wklcbt  ai- 
der these  circumstances,  has  often  a  jiU<** 
ish  red  color  to  the  eye,  all  tbi^  maka|tkB 
change  often  very  diflioult,  if  not  tntpotflUCf 
to  detect. 

Nervousness  or  bilionuicttft,  hj  wwxi^J 
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ff  the  Bieht  of  the  observer,  may  also 
him  unaole,  with  certainty^  to  deter- 
lie  precise  moment  when  he  ought  to 
lown,"  and  there  is  a  marked  differ- 
the  facility  of  observation  noticeable 
a  a  blow  taking  place  in  daylight  and 
Aight. 

IE   APPXABANOK  OF  THE  FLAMS. 

IS  important,  first,  to  note  if  any  of 
es  belonging  to  the  Bessemer  flame 
»  be  found  in  the  flame  given  off  from 
e  fire  used  to  heat  up  the  **  converter.'* 
I  examinations  were  made ;  the  result 
e  was  that,  besides  the  invariable 
bright  line,  the  red  line  and  the  two 
green  lines  next  the  yellow  were  oc- 
lly  to  be  seen.  Owing,  however,  to 
kDt  of  brilliancy  of  this  flame,  the 
jm  which  it  gave  was  very  faint,  and 
8  almost  invisible. 

first  turning  up  the  vessel,  and  for 
!bur  minutes  thereafter,  the  spectro- 
ihowed  only  a  continuous  band  of 
with  the  colors  rather  hazy,  and  so 
blended  with  one  another  as  to  make 
oesible  to  mark  the  junction  of  the 
It  fields. 

-om  four  to  six  minutes  flashes  of  the 
line  became  visible  (corresponding  to 
>earance  of  tongues  of  a  bright  flame 
g  up  in  the  centre  of  the  dull  red  one 

from  the  mouth  of  the  "  converter  "), 
one  or  two  minutes  after  its  first  ap- 
ce,  this  line  became  quite  steady,  and 
t  di3appear  even  at  the  end  of  the 
'*  Simultaneous  with  the  steadying 
yellow  line,  the  red,  yellow,  and  green 
tecame  clear  and  well*defined  bands  of 
color. 

alf  to  a  minute  later  a  bright  green 
ppeared   near   the    yellow,   following 

in  scarcely  ever  more  than  half  a 
,  a  red  line  appeared  equidistant  from 
low  (of  course  on  the  opposite  side) 
two  generally  became  steady  together 
I  first  appeared  in  intermittent  flashes) 
It  half  a  minute  after  both  were  visi- 
kVith  the  steadying  of  these  two  lines, 
te  a  second  green  line  (bright  and 
the  centre  of  the  green  field)  became 
,  wavering  a  little  at  first.  About  a 
r  of  a  minute  served  generally  to 
it,  although  sometimes  it  was  a  minute 
lalf  from  the  appearance  of  the  first 
ine  till  the  second  green  line  with  the 
;ame  steady.  In  one  to  two  minutes 
green  line  nearer  the  blue  field  came 


into  view,  and  in  about  one  minute  was 
steady. 

When  the  red  appeared  with  the  first  green 
line,  the  second  and  third  green  lines  gen- 
erally appeared  together,  but  when  the  red 
appeared  with  the  second  green  line,  the 
third  green  was  accompanied  by  a  blue  bright 
line  near  the  green  field.  In  about  ten 
minutes  after  turning  up  the  converter  the 
flame  attained  its  maximum  size  and  intensity 
of  light ;  when  a  second  and  third  bright 
line  oecame  visible  in  the  blue  field ;  very 
often  these  were  only  intermittent  and  very 
faint,  but  with  '*  hot  metal "  and  a  bright 
flame  they  were  pretty  steady  and  distinct 
and  were  broader  than  those  in  the  yellow, 
green,  and  red  fields. 

Occasionally,  for  about  two  or  three 
minutes  before  the  close  of  the  blow,  a  bright 
line  was  seen  in  the  purple  field,  pretty  far 
to  the  right  of  the  spectrum.  Sometimes 
this  only  flashed  brightly,  but  on  a  few  oc- 
casions it  was  clearly  seen,  though  faint. 

With  a  very  bright  flame  several  dark 
lines  were  seen,  but  for  want  of  definiteness 
it  was  impossible  to  say  whether  they  were 
not  due  to  the  contrast  afforded  by  the  bril- 
liancy of  the  bright  ones  besides  which  they 
appear.  A  narrow,  dark  line  was  seen  on 
each  side  of  the  red  line,  and  a  broad,  dark 
band  dividing  the  yellow  from  the  green ; 
then  one  between  each  green  line,  and  two 
in  the  blue  field  between  the  three  blue  lines. 
But  these  were  only  seen  with  an  exception- 
ally bright  flame,  and  therefore  are  not  of 
much  import^ince. 

All  the  bright  lines  visible  remained  steady 
for  several  minutes  before  the  close  of  the 
blow,  affording  an  excellent  opportunity  for 
their  examination ;  but  at  the  last  all,  with 
the  exception  of  the  yellow,  faded  in  less 
than  thirty  seconds.  The  purple  line  dis- 
appeared first,  whenever  it  happened  to  be 
visible,  then  the  three  blue  lines  in  the  in- 
verted order  of  their  appearance,  then  the 
third  green,  after  which  the  second,  then  the 
red,  and  last  of  all  the  first  green,  when  the 
blast  was  shut  off. 

The  green  and  the  red  lines,  from  their 
distinctness,  afforded  the  best  point  for  a 
determination  of  the  process ;  and  these 
were  so  constant  that  a  sure  indication  could 
always  be  given  by  any  of  them,  if  it  were 
made  the  index  by  which  to  determine  the 
period  of  blowing. 

Very  often,  on  adding  the  charge  of  spie- 
geleisen,  a  large  and  very  brilTant  flame 
rushed  out  of  the   "  converter "   for  some 
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minutes ;  and  onexjimining  it  the  red,  yellow, 
three  greent  and  a  very  brillant  purjple  line 
were  seen,  but  no  blue  line. 

Z.    SOMK    EXPERIMENTS     WITH    COLOEED 
GLASSES  ON  THE  FLAKE. 

I  shall  now  proceed  to  describe  some  ex- 
periments mtide  with  colored  gla^i^es  on  the 
Bessemer  fldmo.  I  may  mention  that  what 
led  to  them  was  ray  brother  being  compelled 
to  get  very  dark  spectacles  to  protect  his 
eyes,  which  were  not  very  strong,  from  the 
intensity  of  the  light  of  the  flame.  The 
fir.*t  pair  made  eomplctely  overcame  the 
brilliancy  of  the  flame  without  imparting  any 
color  to  it ;  but  on  ordering  a  second  pair 
they  showed  so  much  color  aa  to  render  them 
useless.  On  appealing  to  the  workman  who  i 
had  made  them,  he  found  that  no  note  had  ^ 
been  kept  of  the  kinds  of  glasses  which  had 
been  used  in  the  tirst  pair ;  and  although 
ieveral  attempts  were  made  to  repeat  them» 
the  second  pair  sent  was  the  best  he  could 
accomplish,  and  they  had  appeared  colorless 
to  sun  li^ht.  The  thought  then  occurred 
that  as  the  brilliancy  of  the  flame  varies 
considerably  during  it8  existence,  a  variation 
in  the  amount  of  trantimittcd  light  might  be 
found  to  affect  in  a  pro])ortionatc  degree  the 
power  of  Bome  colored  glasses  to  absorb 
eolon»  in  combination  with  them,  and  that  a 
combination  of  colors  might  he  found  to  give, 
with  a  humll  quantity  of  tnmsmitted  light,  a 
distinct  color  which  could  be  quite  absorbed 
when  a  large  quantity  of  light  was  passed 
through  the  siune  glasses. 

Another,  and  perhaps  the  most  important, 
consideration  which  led  to  the  following  ox-  ^     ^  _ 

periments  was^  that  the   flame   itself  has  a    acquiring  a  lighter  shade  of  -  ^^ 

varying  chemical  composition  as  the  silicon,  I  color  was  too  strong  to  admh  ^ 

manganese,  earliou,  and  iron  becomes  succes- 1  being  easily  determined.  ^^ 

sively  attacked,  and  that  the  temperature  of  this  combination,  was  sligl 
the  flame  at  these  various  stages  must  neces- 1      In  the  succeeding  experimenls  one  of  tht 
8arily  be  altered,  giving  rise  of  course  to  vari-   blue  glasses  was  replaced  bj  a  li^t  felUw, 
ous  colors  or  shades  of  color  in  the  flame. 'giving  a  combination   of  ultraitianiie  hlw. 
If  therefore  a  combination  of  colored  glasses ',  dark  yellow,  neutral  tint*  and  lighl  J*^'*'^ 
could  be  found  which  would  ab&«orh  the  color   The  flame  appe-ared  at   first   of  a  ytllawiA 
due  to  the  flame  at  a  particular  temperature, 
it  seemed  clear  thai  a  rhanfje  of  temperature 
would  become  immediately  visible  on  account 
of  an  accession  or  diminution  of  color  to  the 
flame  as  thus  observed. 

It  iS  probable,  too,  that  some  of  the  color 
possessed  by  the  flame  at  its  different  stages 
is  due  to  the  various  elements  which  are  at 
these  periods  being  volatilised,  but  the  spec- 
troscope does  not  throw  much  light  on  this 
fluppositioQ. 


The    first  combination  of  colered 
which  I  have  noted  are  a  ruby  and 
It  was  found  that  the*e  colors  mentailf 
troyed  each  other* 

The  Bessemer  flame  when  riewed  ti 
them  appeared  white,  and  wHhmtl 

Ultramarine    blue^    dark    \  " 
combination  gave  the  same  c1i 

With   a  combination  consi^tiiig  ul 
marine  blue,  dark  yellow,  nltramaniit 
and  emerald,  the  flame  appeared  of  an 
color,  but  was  dark  and  without  brill 

In  the  next  experiments  the  dark 
and  one  blue  were  replaced  by  i  light 
low  and  neutral  tint  thus  ;  Ultraniajine 
light  yellow,  neutral  tint,  emerald, 
pearnnce  of  the  fliuiie  in  this  caj*c  wii 
in  color  to  that  afl'orded  by  the  aWyvt 
hi  nation,  but  appeared  of  conaiderabit " 
neas. 

In  the  next  experiments  the  light 
and    neutral  tint  were  replaced  by  i 
yellow  and  red  respectively,  thu» 
marine    blue,  dark  yellow,    ruby, 
The  flame  at  lir^t  was  dimly  seen,  and 
out  color.     When  it  reached  iu 
brilliancy  it  still   appeared    whit« 
this  combination. 

With  these  five  combi nation?^  th( 
anoe  of  the  sun  as  s^en  thr  •/ 

was  similar  in  character  to  ;,.».  -.  Utc 
but  more  powerful  in  degree. 

In  the  Bubsequent  experiment*  tht  «^ 
bination  was  as  follows  :  Ultramarine  Ite. 
dark  yellow,  neutral  tint,  ultraniartD*  hhK^ 
The  flame  appeared  at  first  of  a  raty  rd 
color,  increasing  in  sire  and  intensity  m  ^ 
**  blow  *'  progressed,  the  edges  i4  fM 
acquiring  a  lighter  shade  of  - 


The  flame  appe-ared  at  first  of  a  jtlli 
red  color.  As  the  •'^  blow  "pragn^aed  tl* 
color  became  whiter  with  flashes  of  rMff 
flame  occasionally  through  il-  At  tlmhmfi'^ 
maximum  brilliancy  the  fsdgB^  mmaamti  ft 
light  red  c^lor  (nearly  white),  whiU  U  fSkt 
root  and  center  of  the  flame  the  c*>lof  wi*  ^ 
a  darker  yellowish   red.      Wl  ''^a* 

dropped   (at  the  end  of  the  '   i  f^ 

turned  to  a  yellowish  red  color,  mwh^wIi* 
similar  in  appearance  to  the  effeet  prodiw 
at  the  beginning  of  the  blow. 


a-jTV^i^ 


■ayii^ 
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light  Appeared  slightly  yellow.  It 
I  be  obeerred  that  this  combination  gave 
the  desired  effect,  vie,  a  variation 
r  depth  of  color  due  to  the  differences  of 
Rture  or  brilliancy  of  the  flame  at  its 
Bt  stages  of  progression. 
>  The  yellowish  tint,  however,  always  pres- 
IMt  showed  a  defect  in  this  combination,  to 
iranome  which,  further  trials  were  made. 
Amow  other  devices  the  light  yellow  was 
iMttM,  aad  the  flame  was  observed  with 
JliBBHiiiKi  blue,  dark  yellow,  neutral  tint. 
Ike  flame  appeared  still  red,  and  with  the 
prifciwish  tint,  though  in  such  small  degree 
m  to  show  that  the  desired  result  was  not 
hroff. 
Siiiilight  appeared  dim  and  slightly  yellow. 
In  the  concluding  experiments  the  neutral 
liat  was  replaced  by  a  blue  glass,  with  the 
obieci  of  ascertaining  whether  the  yellow 
■olor  eould  be  arrested  by  the  omission  of 
ike  red  or  the  blue  component  of  the  neutral 
tiat,  thus :  Ultramarine  blue,  dark  yellow, 
■kTamarine  blue.  The  combination  was 
perfectly  successful,  the  lingering  trace  of 
|dlow  being  removed. 

I  shall  now  describe  more  fully  the  general 
^pearance  of  the  flame  through  it. 

For  the  first  four  or  five  minutes  all  is 
dark,  the  chimney  is  ii^isible  ;  nothing  but 
the  month  of  the  converter  can  be  made  out, 
which  appears  slightly  red,  the  sparks  com- 
ieg  from  it  being  scarcely  visible.  As  the 
blow  progress  the  red  color  increases  in  size 
and  luminosity,  while  the  outline  of  the  ves- 
■el  becomes  visible. 

In  about  twelve  to  fifteen  minutes  the 
flune  begins  to  lose  its  color,  becoming  vio- 
kntlj  agitated,  flashes  of  a  lighter  and 
krMiter  flame  shooting  up  occasionally. 

In  about  fifteen  minutes  a  purple  tint  be- 
comes visible  round  the  mouth  of  the  vessel, 
tke  flame  gradually  acquiring  a  white  celor 
towards  the  edges. 

When  the  flame  has  reached  its  maximum 
kiillianey,  it  appears  bright  and  nearly  white, 
with  the  edges  purple.  The  red  color  there- 
after begins  to  re-appear  at  the  mouth  of  the 
Teasel  and  centre  of  white  flame,  gradually 
extending  until  the  whole  flame  appears  of  a 
light  red  color,  and  with  the  peculiar  hollow 
toond  heard  in  the  vessel  always  preceding 
the  drop. 

The  centre  of  the  flame  begins  to  acquire 
a  deeper  color;  this  quickly  extends  and 
deepens.     Within  a  minute  or  so  of  the  drop, 


suddenly  goes  back  to  very  nearly  the  red 
color  it  had  at  starting. 

This  combination  of  glasses  is  now  in  daily 
use  in  the  Atlas  Works,  its  indications  being 
so  marked  and  unmistakable  as  to  render  its 
use  safe  in  the  most  inexperienced  hands. 
This  little  instrument,  or  **  chromopyro- 
meter"  as  it  is  purposed  to  call  it,  is  arranged 
as  follows : 

One  of  the  blue  glasses  and  the  dark  yellow 
one  are  fixed  in  a  rectangular  frame,  carry- 
ing at  its  foot  a  hinge,  to  which  the  thm 
frame  holding  the  other  blue  glass  is  attach- 
ed, and  at  its  top  a  spring  catch  to  hold  this 
smaller  frame  when  in  its  shut  position ;  and 
also  a  pin  and  set  screw  for  attaching  the 
whole  instrument  to  the  hat  of  the  observer, 
so  as  to  place  it  before  his  eyes. 

The  object  of  having  the  glasses  thus 
divided  is  to  give  facility  for  the  observation 
of  the  flame  through  the  combination  of 
three,  while,  during  the  pouring,  two  being 
sufficient,  the  third  one  is  allowed  to  hang 
down,  when  it  serves  to  protect  the  lips 
from  the  great  heat  of  the  ladle  and  liquid 
steel. 

In  conclusion,  I  think  it  is  probable  that 
by  carefully  noting  by  means  of  colored 
glasses,  such  as  that  described,  the  amount 
of  li^ht  (as  determined  by  the  shade  of  color 
visible)  emitted  by  flames  of  known  tempera- 
ture, a  scale  might  be  formed  which  would 
enable  us  approximately  to  measure  the 
temperature,  not  only  of  the  flame  of  the 
Bessemer  converter,  but  also  that  of  many 
-flames  which  have  hitherto  been  considered 
beyond  the  reach  of  our  ordinary  methods  of 
measurement. 


THE 


MANUFACTURE  OF 
ACID. 


SULPHURIC 


HISTORICAL    NOTICE. 
Tranilatod  from  **  L«  Q^nie  Indutriel.** 

Thirty  years  ago  the  only  availalde  source 
of  sulphur,  for  the  manufacture  of  Sulphu- 
ric Acid,  was  the  volcanic  region,  or  sol  fa- 
taras  of  Sicily.  Our  national  industry  was, 
therefore,  in  a  measure,  dependent  upon  the 
complaisance  of  foreign  powers,  and  at  the 
mercy  of  political  and  commercial  vicissi- 
tudes. It  was  probably  this  state  of  affairs 
that  prepared  the  way  for  the  development 
of  some  source  of  this  precious  mineral  in 
France.     The   same   stimulus   was   felt   in 


the  whole  flame  becomes  crimson,  and  losing  i  other  countries,  and  gave  rise,  no  doubt,  to 
ha  brilliancy,  and  within  half  a  minute  it  \  the  strenuous  efforts  made  to  discover  within 
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their  own  soil  tbe  means  of  release  from  this 
burdensome  depcndenee.  At  length,  after 
much  reaeareh  and  experiment,  the  indus- 
tral  world  became  indebted  to  a  Frenchman, 
Michel  Pcrret,  for  the  first  success  in  the 
new  path ; — a  name,  unfortunately,  too  sel- 
dom remembered.  The  first  success  in  ob- 
taining sulphur  from  pyrites^  in  the  form  of 
sulphurous  acid»  was  attained  at  Lyons,  near 
which  city  large  deposits  are  found.  This 
innovation  gave  to  the  manufacture  of  sub 
phuric  aciii,  and  through  it  to  the  chemical 
arts  generally,  such  an  impulse  that  the  con- 
sumption has  increased  tenfold  within  the 
last  thirty  years. 

Prior  to  1833  there  was  a  prevailinfr  im- 
preBsion,  derived  from  numerous  unsuccess- 
ful experiments,  that  the  sulphurous  gases 
derived  from  the  burning  of  pyrites,  were 
unsuitable  to  the  production  of  sulphuric 
acid.  It  was  generally  believed  that  pyrites 
would  not  burn  without  fuoU  and  it  was 
therefore  roasted  with  a  mixture  of  coah 
The  distinguished  chemist,  Climent  D^sor- 
mes,  had  proceeded  in  this  assumptioa,  in 
using  cupola  furnaces,  in  which  he  was  able 
to  utilise  only  a  small  part  of  the  gasea  so 
obtained.  At  that  time  M.  Michel  Perret 
proved  that  sulphurous  acid  gas,  disengaged 
by  the  combustion  of  pyrites,  was  e^sentialIy 
well  adapted  for  conversion  into  sulphu- 
ric  acid.  With  this  view  he  constructed  in 
his  father's  workshop  some  muffle  furnaces, 
in  which  he  burned  the  pyrites,  without  mix- 
ing the  products  of  combustion  with  those 
of  ooalj  the  proportion  of  air  necessary  to 
carry  on  the  condensation  in  the  chambers 
being  very  carefully  regulated.  This  sur- 
mounted the  difficulty  satisfactorily.  The 
date  of  the  first  patent  for  fifteen  years  was 
February  2d,  18^G,  and  it  was  taken  out  in 
the  name  of  his  father,  who  had  encouraged 
him  in  his  labor  and  studies.  The  young 
man,  at  that  time  but  twenty  years  of  age, 
showed  himself  on  more  than  one  occasion 
to  be  a  profound  thinker  and  fertile  in  new 
ideas.  The  success  obtained  by  the  applica- 
tion of  this  process,  for  several  years,  on  a 
0cale  of  some  magnitude,  led  to  further  in- 
vestigation into  means  of  economizing  the 
eottibustion.  The  use  of  the  old  furnaces 
was  revived,  but  without  the  use  of  coal. 
M.  Baptiste  Perret  and  M.  Olivier,  brother 
and  brother-in-law  of  the  inventor,  united 
with  him  in  tbe  work  of  improving  the  pro- 
ce»s.  which  by  their  united  efforts  has  reach- 
ed the  stage  in  which  it  may  now  be  seen  in 
Ihc  factory  of  St,  Pons,  near  Lyous^ — one 


of  the  principal  establi^kmenla  of  iht  Vi 

ret  firm*     We  tnuy  mention  one  of  lUf 
provemcnts  due  to   M,  Michel  Ptrttl, 
the  apparatus  for  utilizing  tboftc 
the  pyrites  which  are  reduced  in  tk«4 
process  to  a  state  of  fixie  divijfion, 
ting    a  considerable  portion  of  the 
aud  which  would  otherwise  b«  «ra4(6d*J 
small  model  of  the  furnace  used^  ai 
as  to  show  a  section  through  it« 
giving  a  complete    idea  of  its  comiiri-i 
is  exhibited  in  the  window  of  the  Pcrntlf 
and  the  use  of  the  process  is  freely 
all  who  are  engaged  in  this  branch  ef  i 
try.     At  a  little  diitanee  from  a  bj 
pyrites  in  lumps,  burning  in  an  ordinaff] 
furnace,  is  placed  a  sole  of  large  refn 
bricks,  six  centimeters  in  thickness, 
are  used  for  spreading  out  plate  glatt> 
agine  now  seven  other  similar  f^oIe«,< 
ed  by  intervals  of  six  centimeters,  in  a  oiM 
of  masonry  in  which  the  opeuiti  _•-  "    *    *^^ 
posed   that  the  current  of  air. 
the  roasted  lumps,  will   cnve 
circuitous  manner  the  surface  < 
in   the   form  of  powder   or    ^ 
spread  out  upon  each  sole,      i 
pyrites,    heated  by  the   combu&Uuu  u  tk 
preceding  One,  bums,   either  by  th^  4\r^ 
admission  of  air  into  the  mass,  or  K 
of  cementation,  requiring  thirty-six  i 
its   completion,   to  sueh  a  stage, 
more  than  four  or  five  per  cent  of 
remains  uncombined,     Ab  might  b- 
ed,  the  temperature  increaaes  as  we 
the  upper  end   of  the  series*     Mi 
Perret    thought   that    the  number  -=- 

might  be  increased  beyond  c:i::hi,  ai  1  be 
therefore  constructed  a  fumaoc  iu  whicB  tht 
number  was  carried  to  sixteen.  But  lui  theil 
superposition  gave  a  great  altitude  to  llu 
furnace,  he  divided  it  into  two  scric*,  piial- 
lei  with  each  other,  in  auch  a  manntirlbl 
the  gas  from  tbe  eighth  and  upper  *oh  w* 
carried  by  a  recurved  flue  over  the  furiiOt 
of  the  lower  layer  in  the  second  «eri«»»  l& 
this  furnace  the  temperature  steadilj  is* 
creases  from  the  sole  where  the  luntpd  «« 
ignited  to  the  uppermost  layer,  ghowiag  w\th 
what  facility  the  air  penetrates  th«  laiit^re 
of  powder  and  grains  of  pyrites,  whiok» 
spread  out  to  a  depth  of  three  centimcttrt  ia 
each  layer.  It  would  seem,  iu  order  th$^ 
the  air  may  circulate  in  the  intended  m^* 
ner,  that  all  po^ible  means  of  access  el* 
eepting  those  provided,  should  Im  rigi«ll| 
closed.  This  can  be  readUy  maua|*«d,  w 
far  m  the  back  part  of  the  fumaoo  u  ctA^ 
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VBod,  the  brick  forming  the  sole  being 
■ilt  into  the  masonry.  This  arrangement 
ill  not  suffice,  though,  for  the  front,  since 
le  charging  and  discharging  of  the  mineral 
made  qfk  that  side  through  doors  opening 
XMH  each  sole.  To  obviate  this  difficulty 
I  interval  is  left  between  the  front  of  the 
le  and  the  wall,  which  interval  at  the  time 

charging  the  lower  sole  is  filled  with 
ftokv  held  in  place  by  a  closed  register.  In 
Ukrgiiig  ^be  second  sole  the  slack  is  let 
iwn  and  forms  a  '*  talus''  upon  the  level 
dow.  The  different  levels  are  charged  in 
ii  way,  saccessively,  from  bottom  to  top. 
be  furnace  is  charged  once  in  thirty-six 
mrs,  and  consumes  1,000  kilog.  of  fine  py- 
ka.  Ab  the  charging  cannot  be  done  in 
I  instant  it  permits^he  passage  of  an  excess 
air,  while  it  is  going  on,  and  possibly  this 
ar  explain  the  fact,  denied  by  some,  but 
atntained  by  many,  that  this  system  of  fur- 
«e  requires  an  excess  of  nitrate  for  the 
pount  of  sulphur  burned. 
AltO)cether  these  improvements,  and  the 
lueasion  of  extensive  deposits  of  cuprifer- 
it  pyrites  at  Chessy  and  Saint-Bel,  have 
Ten  a  great  development  to  the  nianufac- 
re  of  MM.  Perret.     Their  establishment 

Chessy,  Lyons,  Vienna,  Avignon  and 
arennes,  furnish  nearly  100,000  kilogram- 
es  of  acid  a  day,  beside  the  other  products 
^rived  from  them,  such  as  soda,  iron,  cup- 
iTy  alum,  ammonical  salts,  hydrochloric 
kd  nitric  acids,  soda,  &c.,  &c.  Such  an 
ipetus  has  been  given  to  general  industry, 
consequence  of  the  discoveries  of  the  firm 
'  Perret  Brothers  &  Olivier,  that  even  their 
kormous  present  production  of  acid  is  in- 
ifficient,  and  fully  twice  the  amount  of  py- 
tes  consumed  by  them  has  been  delivered 
•  French  and  other  consumers  for  manufac- 
ire  by  this  process.  In  renouncing  the 
onopoly  assured  to  them  by  the  possession 
'  their  extensive  ore  beds,  this  firm  have 
itered  upon  a  path  of  liberality  which  can- 
it  £ail  to  advance  greatly  the  industrial  in- 
resta  of  the  whole  nation,  and  have  set  an 
cample  most  worthy  of  imitation. 

iT«AM  Plowing  in  France.— At  the 
I  special  trial  of  agricultural  implements 
.  Moulins,  in  April,  the  double  engine 
fikle  of  Messrs.  Aveling  and  Porter  took 
vB  first  prize,  and  the  second  prize  was 
rarded  to  M.  Achille  Faijas.  The  next 
ial  takes  place  this  month  at  Beauvais. 
he  French  are  imitating  the  English  in 
leae  comprehensive  and  frequent  test«. 


NOBEL'S  BLASTING  MATERIAL 

NEW    EXPERIMENTS   WITH    "DYNAMITE." 

Reported  bj  Max  v.  Wolfskbov. 
Translated  from  «Oea(r.  Zeitaohrift.'* 

Mr.  Nobel's  nitro-glycerine,  which  produ- 
ces such  powerful  and  astounding  effects, 
has  on  the  other  hand  caused  so  many  fatal 
accidents,  that  a  certain  awe  of  its  danger- 
ous qualities  has  prevented  it  from  coming 
into  general  use.  It  is  true,  there  are  coun- 
tries, as  for  instance  Bavaria,  where  for 
several  years  past  nitro-glycerine  has  been 
used  for  blasting,  without  the  occurrence  of 
any  mishaps ;  and  indeed  such  accidents  can 
scarcely  happen  unless  by  neglect  of  the 
necessary  precautions.  But  it  is  well  known 
that  workmen  when  once  familiar  with  a 
work  that  implies  some  danger,  become  very, 
careless,  and  that  thb  carelessness  often 
causes  the  most  fearful  accidents.  Besides 
the  nitro*glycerine,like  all  similar  compounds 
of  nitrogen,  is  in  itself  liable  to  be  decom- 
posed, when  the  acids  produced  by  this  de- 
composition affect  and  loosen  the  soldering 
of  the  metallic  bottles  which  contain  the  fluid 
nitroglycerine,  thus  causing  leakage  and 
danger.  It  is  also  not  impossible  that  un- 
der certain  circumstances  a  spontaneous  de- 
composition of  the  fluid  may  take  place  so 
rapidly  as  to  produce  an  explosion.  There- 
fore, whenever  it  is  observed  that  nitro-gly- 
cerine is  beginning  to  decompose,  which  is 
easily  seen  by  the  red  vapors  it  then  emits, 
the  whole  portion  should  be  destroyed  with- 
out delay. 

It  is  not  astonishing  that  the  importation 
and  the  transport  of  so  dangerous  a  mate- 
rial should  have  been  prohibited  in  several 
countries,  and  also  in  Austria.  But  there 
was  no  well-founded  reason  to  include  in 
this  prohibition,  as  it  has  been  done,  another 
matter,  called  dynaivite,  which  does  not  pos- 
sess the  above-mentioned  dangerous  quali- 
ties. Dynamite  consists  of  calcined  mineral 
meal  from  the  neighborhood  of  LUneburg 
(Prussia),  impregnated  with  75  per  cent  of 
nitro-glycerine,  and  mixed  with  another  in- 
gredient, which  prevents  it  from  spontaneous 
ignition.  It  hardens  at  45^  F.,  at  which 
temperature  the  nitro-glycerine  contained  in 
it,  congeals.  In  this  condition  it  cannot  be 
exploded  by  ordinary  means.  Charges  con- 
gealed in  the  bore-holes  must  be  exploded  by 
caps  and  cartridges  having  a  higher  tempera- 
ature  than  45°  F.  These  cartridges,  which 
also  contain  the  caps,  arc  small,  and  the  work- 
men can  easily  carry  them  in  their  pockets. 


Dynamite  has  been  irianufactured  at  Ham- 
burg by  Mr,  Nobel,  since  18G6,  and  more 
TcceDtly  also  at  Stockholm,  in  Swedeo.  In 
the  latter  country  the  dynamite  ie  in  general 
Ti8e  in  the  mines  and  quarries.  In  Prussian 
Silesia  8,000  \b.  of  it  ari^  used  every  month. 
It  w  besides  largely  in  use  in  the  mines  of 
Saarbruck,  Westphalia,  Nassau  and  Thurin- 
gia.  Considerable  rjuantities  of  it  have  been 
imported  to  England  and  Belgium,  in  1K68, 
A  factory  of  dynamite  was  established  in 
8 an  Francisco  in  March,  1868,  which  fac- 
tory bad  already  sold  100  lb.  of  it  per  day, 
up  to  July  of  the  same  year.  It  is  used 
not  only  in  the  mines  of  California,  but  also  in 
those  of  Mexico,  and  In  the  blasting  opera- 
tions of  the  Pacific  railroad.  In  Califurnia 
also,  as  in  several  European  countries,  acci- 
dents were  feared  from  thin  new  blasting 
material,  and  no  company  would  at  first  un- 
dertake its  transportation.  But  afterwards, 
when  various  experimeuta,  made  before  an  aa- 
sembly  of  representatives  of  all  the  transport 
companies,  had  proved  that  these  fears  were 
groundlesfl,  the  dynamite  was  accepted  on  all 
the  railroads,  steamers  and  stago-coaehes. 

The  following  experiments,  fur  the  same 
purpose,  were  made  on  the  2M  of  Marcb  at 
lliitteldorf  (Austria)  in  presence  of  a  dele- 
gation of  the  Vienna  Society  of  Engineers: 
A  small  barrel,  filled  with  cartridges  of  dy- 
naiuitef  was  thrown  down  from  a  rock  over 
100  ft.  high  and  did  not  explode,  though  strik- 
ing the  rock  repeatedly.  Two  cartridges 
were  fastened  to  the  lower  surface  of  a  heavy 
block  of  stone^  and  the  stone  was  dropped 
from  a  higbtof  overSOft.  on  a  stone  bottom. 
The  cartridges  were  smashed  and  Battened 
down  without  exploding,  and  the  dynamite 
was  found  in  a  totally  unaltered  condition. 

Several  cartridges  were  taken  out  of  the 
above-mentioned  barrel;  each  cartridge  was 
out  in  twopartSi  the  one  of  which  was  made 
to  explode  by  the  means  of  a  quick-match 
and  a  cap ;  the  other  part  was  ignited,  and 
burned  off  quietly,  leaving  a  small  heap  of 
mineral  meal. 

The  contents  of  a  cartridge  was  spread  over 
a  piece  of  sheet-iron  and  heated ;  the  nitro- 
glycerine evaporated  without  explosion.         j 

A  box  of  sheet-iron,  filled  with  dynamite, 

was  thrown   into  the  fire  without  producing 

an  explosion.     The  above-mentioned  barrel, 

Hlled  with  cartridges  was  thrown  into  the 

Arc,  and  burned  down  quietly. 

To   show  that  the   dynamite   cannot   be 
nifkiU  to  explode,  except  by  a  strong  cap,  it 
*  tried  to  ignite  a  box  of  sbeet-iron,  filled 


with  dynamite,  by  a  quick-match  witbo«lt 
cap  ;  but  the  dynainitc  would  n***  t*k-  If*. 

These   experiments  ha\ 
ciently  that  the  dynamite  i 
danger,   another  series  of  exp* 
made   to  show  the  puwerful   • 
new  blasting-material : 

A  cartridge  was  laid  on  a  planl  <>f  mu-t*. 
wood,  two  inches  thick,  aad  was  mu 
plode.     It  struck  the  plaok  with  grt-^  ..^t- 
mence,  making  a  large  hole  tbreiugk  it. 

As  the  strange  prejudice  exists  that  tkt^ 
namite  acts  better  downward  than  Qpnii, 
the  same  experiment  was  repeated,  iht  cirl* 
ridge  being  this  time  attached  to  ike  \v9ts 
surface  of  the  plank.  The  effect  was  tke«a»t. 

A  timber,  four  inches  by  five  ioch«4lkiekg 
rammed  into  the  ground,  waa  torn  ifiH  \f 
the  discharge  of  a  half-pound  cartridge. 

Half  a  pound  of  dynamite  was  im»  U 
explode   on   an  iron  plate   a  quarter  of  m 
inch   thick.     The  plate   became   {^ 
and  torn ;  a  round  piece  was  lorn  i 
and  throwu  to  a  considenible  dbijiii^^ 

But  the  immense  power  of  t' 
was  proved  most  strikingly  by  t 
experiment ; 

A  g  inch  hole  was  bored  through  tkt  whth 
length  (13")  of  a  wrought-irou  cvlioderof  I 
inches  diameter.  This  bore-hole  ira«  HW 
v?lth  one-quarter  of  a  pound  of  dynati 
discharged  by  a  Markus  battery,  i 
feet  was  astonishing  to  a  h\^  d$mm*  X^ 
cylinder  was  torn  in  two  pieoea.  Eaekpicfll 
had  two  cracks  through  it»  en  lira  Ico^i 
and  many  smaller  ones.  Thd  boft  wu 
enlarged  throughout,  in  one  pUot  to  i| 
inch,  diameter.  The  molecular  stroclire  d 
the  pieces  wae  totally  altered. 

The  succeeding  experiment  consisted  ii 
bursting  a  piece  of  rock  without  any  bwre^bol*- 

Finally,  four  bore-hole«,  1  .J  inchde  i&  <li* 
ametcr,  and  8  ft.,  2^  ft.,  2  fl,,  and  Idiack* 
in  depth,  made  into  the  solid  rock,  wttt  dii" 
charged  without  tamping.  The  firit  hflli 
was  loaded  with  2  pounds,  the  f^eoood  with 
10  ounccB,  the  third  with  8  oun^f;  lk< 
fourth,  which  was  made  in  the  vault  uf  t^ 
rock,  with  only  one  ounce.  The  firal  m^ 
third  wore  discharged  simultatieottslyby  tkc 
Markus  battery;  after  that  the  eecood  hiAc 
alone  by  the  »amc  battery,  which  abo  (* 
this  occasion  proved  its  excellence*  Tfcf 
fourth  bore -hole  was  discharged  by  a  |Titli» 
percha  quiek-mateh.  The  efft?ct  of  tlwit 
discharges  wan  satiafactory,  though  ibo  retk 
was  Hoft  and  loose  and  eons«queQtly  uidar- 
vorable  for  ^uch  experimeDta,  $* 
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NSATION  m  STEAM  ENGINE& 

CojuUy  QoTernment  Direetor  of  Manaf. 
kted  frooi  '*  Annalea  da  G^nie  GiTil.'> 

>ortant  question  has  long  troubled 
>ni  of  engineers  in  every  country 
mm  navigation  has  received  any 
ent,  vis,  the  use  of  steam  at  high 
in  marine  engines.  The  greatest 
rO  its  employment  is  the  excessive 
on  of  the  boilers  from  the  use  of 
r.  The  English  have  essayed  to 
problem  by  the  use  of  surface  con- 
irhich  make  it  practicable  to  sup- 
oilers  with  water,  from  which  the 
ing  matters  have  been  eliminated, 
trivance  rendered  necessary  an 
I  area  of  condensing  surface,  re- 
n  practical  difficulties  similar  to 
ich  defeated  the  attempts  of  Watt, 
7^y  Bourdon,  Ericsson,  and  a  host 
engineers.  Latterly  means  have 
nd  of  giving  to  the  surface  con- 
superficies  of  more  than  a  square 
T  horse  power,  which  has  given 
>d  results.  I  am  convinced,  how- 
I  shall  attempt  in  this  paper  to 
it  this  solution,  though  constituting 
progress,  is  founded  on  a  retro- 
nciplo  ;  that  it  realizes  but  a  por- 
he  advantages  which  may  be  ob- 
od  that  those  advantages  cannot  be 
completely,  and  with  certainty,  ex- 
he  use  of  the  injecting  condenser. 
Dse  then — 

I  analyze  the  phenomena  of  conden- 
^  laying  down  the  general,  physical 
bematical  theory  of  the  condenser, 

II  enable  us  to  determine  the  loss  of 
wer  caused  by  the  condensation. 

0  compare  the   two   systems,  viz, 

tion  by  injection,  and  surface  con- 

i,  and  to  show  that  the  former  is 

uperior  to  the  latter. 

3  determine  in  what  respects  the 

njecting  condenser  is  capable  of  im- 

mprovements. 

0  prove  that  the  surface  condenser 
t  to  perturbations,  which  diminish, 

even  counterbalance,  the   advan- 
high  pressure. 

1  ^rthor  show  that  the  injecting 
r  may  be  made  applicable  to  high 
marine  engines,  as  well  as  to  other 
»tors,  by  an  important  modification, 
ihall  point  out,  in  the  functions  of 
lenser,  and  I  shall  describe  the 
means  of  effecting  its  application. 


(1.)  There  are  two  kinds  of  condensers* 
In  the  first  the  steam  is  brought  directly  in 
contact  with  the  cold  condensing  water, 
which  mingles  inseparably  with  the  con- 
densed water.  In  the  second  the  condens- 
ing water  acts  upon  the  steam  through  an 
intervening  metal,  which  is  a  good  conduc- 
tor of  heat,  and  also  serves  the  important 
purpose  of  keeping  the  condensing  and  oon- 
densed  waters  separate.  The  former  is  call- 
ed the  injecting  condenser,  and  is  the  kind 
most  frequentlv  employed.  The  latter  is 
called  the  surmce  or  Hall  condenser,  and 
until  quite  recently  had  been  employed  only 
in  certain  special  engines  (ether,  chloroform, 
alcohol  engines),  which  are  not  yet  out  of 
the  domain  of  experiment. 

(2.)  I  shall  first  proceed  to  determine  a 
general  formula  expressing  the  resistance  of 
the  condenser.  The  act  of  condensation  is 
not  accomplished  instantly,  but  requires  a 
certain  length  of  time.  If  L  represent 
the  stroke  of  the  piston,  n  L  will  be  that 
part  traversed  by  the  piston  while  the  con- 
densation is  in  progress.  Let 
T  m  be  the  motor  power,  or  work  developed 

by  the  steam  at  each  stroke. 
T  ci  be  the  resistance  of  the  injecting  con- 
denser. 
T  c  X  be  the  corresponding  resistance  of  the 

surface  condenser. 
T  c  be  the  corresponding  resistance   of  a 
condenser  of  either  system  (the  gene- 
ral expression  of  resistance). 
T  a  be  the  resistance  of  the  air  pump. 
S  be  the  area  of  piston  of  cylinder  (in  sq. 

centimeters). 
L  be  the  stroke  in  meters. 
E  be  the  part  of  the  stroke  during  which 
the  steam  enters  with  a  full  pressure. 
P  be  the  pressure  (in  kil.  per  sq.  cent.)  after 
expansion,  and  at  the  instant  of  open- 
ing communication  with  the  condenser. 
H  be  the  pressure  before  expansion. 
p  be  the  normal  pressure  in  the  condenser ; 
f.  e.,  the  pressure  which  remains  after 
the  condensation  is  finished  (in  kilog. 
per  sq.  centimeter). 
71  L  be  the  fraction  of  the  stroke  during 
which  the  condensation  is  in  progress. 
r  be  the  ratio  of  the  capacity  v  of  the  con- 
denser (including  its  connections)  to 
the  capacity  V  of  the  cylinder  (in- 
cluding the  volume  occupied  by  the 
piston  and  the  olearanoe  spaces,  thus, 
condenser       v 
cylinder         V 
As  soon  as  the  communication  is  opened 
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between   the   eylioder   and   condenser,  the 
pressure  P,  correa ponding  to  tbe  volume  V, 

P  V 

becomes    „  .-— .      At  the  same  instant  the 
V  +  t) 

pressure  p,  ivbieh  corresponda  to  the  volume 
^^^       At  that  instant  there- 


tbe    condenser    is 
During  the  part 


V.  becomes   -=^. — 

V  +  13 

fore     the     pressure     in 
VY+pv  F+pr 

of  tbe  stroke  7i  L  thia  pressnre  diininishes 
(at  a  rate  corresponding   to   the  condensa* 

P  ^-  »  r 
tiou)t  passing  from     J^f—   to  p ;  and  dur- 
ing the  part  (I  -n)  L  it  remairm  equal  to  p. 
Let   us   represent  the  gneeeasive   values  of 
this   presisure    by  tbe    ordi nates  to  a  curve- 

a  =  w  L,  aa*  =  (l~  n)  L 
^ .        P+Pr 

y'=aB^a*C  =  p, 

Tbe  portion  B  C  of 
tbe  line  will  be  straight  and  parallel  to  the 
axis  of  x;  the  portion  A  B  will  be  curved 
and  tangent  to  B  C  at  the  point  B. 

T  c  will  be  represented  by  the  surface  S 
of  tbe  piston  multiplied  by  the  area  A  0  a' 
C.  The  area  of  P  0  a^  C  =  L  p.  To  ex- 
press the  other  part  of  the  area»  we  must 
know  tbe  curve  A  B.  In  this  particular 
eiifle  we  may  determine  it  approximately  by 
the  Watt  indicator,  and  in  this  general  an- 
alysLs  we  shall  replace  it  by  an  approxima* 
tion  sufficiently  accurate,  if  we  use  the  arc 
of  a  parabola^  having  its  vertex  at  B,  pass- 
ing through  A,  and  having  its  axis  parallel 
to  the  axis  of  y.  Thi»  arc  will  in  general 
differ  immaterially  from  tbe  true  curve. 
Hence  the  part  A  B  B  of  the  total  area  will 

be  JADxBD=j(^±PJ:_pj   „  L 

P  ^  o 
=  i  ^     i    1     y*'     The  total  area  is  then   1 
i  -T  r  ^ 

L  iiT-   n-^BpY  and  the  M>orA:of  thecoo- 
denser  is  T  c  =  J  8  L  /^^  n+^p\  .   (1) 

This  expresses  the  resisting  icork  of  the 
condenser,  so  far  as  relates  to  tbe  counter- 
pressure  alone;  and  if  we  simply  add  tbe 
deduction  due  to  the  work  T  a  of  the  air 
pump,  we  shall  obtain  the  whole  resistance 
of  the  apparatus.  '  The  formula  (1)  is  ap- 
plicable to  both  kinds  of  condensers^  and  we 
shall  transform  the  expression  further  on,  so 
as  to  introduce  the  peculiar  elements  of  both. 

(3.)  First,   however,   it   is   necessary  to 


consider  the  values,  both  arbitrary  io4 
cessary,    which    the   quantitiei*    d^f( 
above  may  take. 

T  (z  is  a  quantity  nearly  eonstani, » i 
pliod  to  a  given  engine,  varying  rfifj  %h_ 
ly  wilb  the  quantity  of  water  to  b«  diav 
with  the  slight  count er-presMirr  of  the  \ 
denser,  and  the  slight  variationf  of  \Xm 
pherio  pressure.     But  when  the  baltdimj 
an  engine  is  con  tern  pi  a  tod,  it  i%  a 
of  no  small  moment    to  dcjiign  it  i 
employ  the  minimum  of  water,  wheibcf  1 
object  be  to  economize  it  on  accotiiit  uf  | 
small  supply,  or  to   diminish   the  efftrt 
Ta,  which  depends  for  ite  value  chiefly  up 
tbe  area  of  the  pumping  piston, 

(4.)   The  value  of  P  will  depend  npoot 
initial  pressure  H  of  the  steam  when  \% 
ters  tbe  cylinder,  and  upon   the  rati*  rf  n* 
pansion   allowed.      It    is   an   advanti^ 
give  this  expansion  its  greatest  pnetii 
amount.    L  and  S  being  constant  in  a  fnj 
engine,  the  expansion  will  be  limited  Ij  t|j 
amount  o(  useful  effect  which  can  he 
dueed  in  a  given  time ;  and   a»  ibis 
quantity  can  be  made  to  vary,  its  vir 
should  be  regulated  entirely  by  the  cat 
which  may  work  autoiuatically  or  at  coblf 
of  tbe  engineer.      But  we  are  uf  the  o|) 
that,  other  things  being  equal,  the 
expunsiou  will  be  extended  in  propof 
the  pressure  is  increased,  and  hence  i 
vantage  (which  is  considerable)  of  efl 
ing  steam  at  high  pressured. 

(5.)  The  pressure  in  the  condenser  [ 
as  we  have  said,  through  different  val«a 
during  tbe  stroke  of  the  piston.  For 
given  value  of  P,  and  for  a  single  qoantitl 
of  water  introduced,  the  condensatioD  w 
be  effected  in  a  time  equal  to,  or  Um, 
greater,  than  the  duration  of  the  struie 
the  piston.  In  the  first  instauce  the  pr 
sure  in  the  condenser  will  reach  the  norm^ 
value  p  before  the  end  of  the  stroke  ;  in  tlie 
second  p  will  be  reached  just  at  the  coopIo* 
sion  of  the  stroke  ;  in  the  third  cB#r  tU _ 
value  of  p  must  be  increased  to  p^^  in  ortj€ 
that  the  normal  pressure  may  be  retdia 
during  the  time  of  the  stroke.  We 
therefore  give  to  p  just  the  value  which 
normal  pressure  has  at  the  instant  the  dtrnk 
is  completed.  It  will  be  observed  that  p  i 
the  sum  of  two  pressures — the  one/dat 
the    steam    (watery    vapor)    which 

normally  in  the  condenser,  the  other  ^ 

to  the  gases  given  off  by  tbe  eondeD«riQ|ti 
feed  water,  and  to  the  air  which  may  f 
acoeaa  by  leakage.    In  an  apparatuji  propef* 
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^managed  «nd  cared  for,  and  built  upon 
mrect  principles,  there  ought  not  to  be  any 
bakage.  The  gases  given  off  by  the  feed 
Pliers  of  the  boilers  are  insi^ificant  in 
rdl  managed  engines,  because  that  water  is 
imwB  from  the  condenser  itself,  and  has 
iteadj  been  freed  from  the  greater  part  of 
8  giaes.  We  may  then  proceed  to  deter- 
me/'and/'. 

In  a  particular  case  we  might  determine 
*  by  means  of  a  table  of  the  elastic  forces 
TTipors,  and  according  to  the  normal  tem- 
Brmtare  of  the  condenser.  But  we  must 
0te  that  this  temperature  is  really  higher 
Hui  that  of  the  water  taken  from  it,  be- 
uue  the  contact  of  the  condensing  water 
id  the  steam  is  of  short  duration,  and  only 
irtial — ^the  water  not  being  generally  in  a 
ifteiently  divided  state  to  establish  a  ther- 
al  eqailibriam  in  so  short  a  time.  In  or- 
BT  to  determine  it  the  thermometer  should 
B  placed  in  a  part  of  the  condenser  opposite 
le  entrance  of  the  steam,  and  protected 
om  the  injected  stream.  The  quantity/ 
BUg  thus  obtained,  we  shall  have/'  by  de- 
neting  ^-f\  and  the  value  of  'p  will  be 
tren  by  the  manometer  of  the  condenser. 

(6.)  lout  it  will  be  advisable  to  introduce 
kto  eq.  (1)  the  value  of  p  as  a  function  of 
le  normal  temperature  of  condensation,  B 
\  the  temperature,  t  of  the  cold  water,  and 
r  the  volume  q  of  the  water  resulting  from 
le  condensed  steam  at  each  stroke  of  the 
iston. 

We  shall  then  have  (according  to  South- 

•»  A +(—+—)*'";     A=      0.0034542 

B=    46,278 
C  =  145.36 
Also  let 

=s  the  temperature  of  the  condenser  cor- 
responding to  the  elastic  force  of  the 
steam/, 
ss  the  temperature  of   the   injected  cold 
water. 

ithe  proportion  (in  volume)  of  gas 
which  that  water  contained. 
SK  the  volume  of  cold  water  theoretically 
necessary  for  injection  at  each  stroke 
of  the  piston. 
=s  the  volume  of  water  resulting  from  the 
eondensation  of  the  steam  at  each 
stroke. 

Th.n.Q=/-^. 

But  in  the  injecting  condenser  this  quan- 
ty  Q  Bhcmld  be  doubled  in  practice.    The 


B  of  the  condenser  is  — 2-. 


volume  of  gas  introduced  into  the  condenser 
at  each  stroke  of  the  piston  is  then  (at  the 
pressure  of  1  atmosphere) 

2_Q  ___2^    650 -g 
m  m  •      B-t  ' 

at  the  temperature  t^  and  at  the  temperature 
2y  650 -g  2744-d 
~5^:T"'  27¥fr 
The  pressure  of  this  gas  is  that  of  the  at- 
mosphere, 1.03  kilog.  per  square  centimeter 
under  the  volume  given  above,  and  becomes, 
under  the  volume  v  of  the  condenser, 
2.06  q  650- g  274 +  g 
Q-i   *     274+1' 

H...„.A+(l+£)-"+i;5t  X 

650 -g      274 +  g  .^. 

d-t    •     274  +  * ^^^ 

(7.)  The  quantity  n  varies  in  consequence 
of  some  circumstances  which  it  is  well  for 
us  to  examine. 

The  escape  of  the  steam  from  the  cylin- 
der to  the  condenser,  though  very  rapid  on 
account  of  the  difference  of  the  two  pres- 
sures, is  by  no  means  instantaneous.  The 
connections  are  always  ample,  of  course,  but 
the  opening  of  the  ports  is,  during  a  portion 
of  the  valve  movement,  partially  obstructed. 
This  becomes  apparent  on  the  diagrams  by 
a  rounding  off  of  the  angles  where  the  pis- 
ton changes  its  motion,  and  by  the  rapid 
fall  of  the  pressure  just  before  the  instant 
of  cut-off.  But  in  well  built  injecting  con- 
densers this  partial  cause  of  retarded  con- 
densation may  be  neglected,  especially  if 
the  velocity  of  the  piston  be  not  excessive. 
It  must  not,  however,  be  neglected  in  sur- 
face condensers,  because  the  condensing 
surfaces  usually  consist  of  tubes  of  smaU 
diameter,  among  which  the  steam  circulates 
with  some  difficulty,  especially  when  it  en- 
counters a  certain  amount  of  air  and  other 
permanent  gases. 

Secondly,  the  cold  water  is  introduced  in 
the  form  of  jets  more  or  less  divided,  offer- 
ing a  certain  amount  of  surface  of  direct 
contact  to  the  steam.  Water  being  a  poor 
conductor  of  heat,  an  equilibrium  takes 
place  almost  at  the  instant  of  contact  of  the 
steam  with  the  water  of  the  jets,  and  that 
collected  in  the  bottom  of  the  chamber — the 
walls  of  the  chamber  also  taking  part  in  the 
operation.  But  all  these  surfaces  are  heat- 
ed by  the  condensation,  and  their  condens- 
ing power  correspondingly  reduced ;  and  as 
they  are  only  partially  cooled  again  by  suc- 
ceeding movements,  it  would  appear  that 
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their  action  cannot  be  inaiaatdneooa  in  de- 
stroying the  difference  between  the  pressures 
P  and  p. 

(8*)  Let  us  take  the  general  expresfiion 

X  =  __  (1  -  cos  u)  for  the  space  passed  over 

by  the  piston  for  any  angle  tL  described  by 

the  rotation  of  the  crank — neglecting  the 
small  variations  arising  from  the  yariable 
position  of  the  connecting  rod*  The  angu- 
lar velocity  of  the  crank  being  constant,  t^ 

;  OTt  taking  for  the  angular  unit  c5' 


A/  '^ 


=  180',  then  u  =  -^-  ;  in  which  equation  t' 

=  the  time  corresponding  to  j,  and  r  =  the 
time  of  a  wholtj  stroke  of  the  piston.    Then 

T**  being  the  time  corresponding  to  z*^  and 

We  assume  r*  and  r  to  be  expressed  in 
seconds* 

Let  4>  express  the  rapidity  of  the  absorp- 
tion of  heat  by  the  coudenser,  i,  c,  ihe 
quantity  absorbed  in  one  second  ;  then  r"  4» 
will  be  the  quantity  absorbed  during  the 
whole  process  of  condeusalion*  The  ex- 
pression for  this  quantity  is  D  q  (65U  -  0) ; 
1)  Itciiig  the  density  of  the  water,  and  as- 
fiuming  I>  =1,  then 

_  q  (650 -g) 


Substituting  thia. 


9(050-^)1 


7    tp 


o=  the  surface  of  each  of  these  iwot 
a' =  the  mean  temperatare  of  the  infill 
b  =  the  mean  temperature  of  lb«  uQVii4t.] 

Second — There  aliMj  enters  into  tW  i 
of  (^  the  heat  0  absorbed  by  tbc  mtXutt  i 
leeted  at  the  bottom  of  the  condenner. 

Third— The  heat  absorbed  by  tk«  taji 
ed  cold  water. 

This  last  quantity,   by  far  the 

will  be  expresaeu  by  /i  i  (6  -f>,  in  vhii 

f{  =  the  exterior  couductibility  of  the  «« 

or  the  quantity  of  heat  which  fOicDiJ 

1'^  of  time  into  one  hij.  meter  i 

ous  surface,  for  a  difference  off 

tween  the  tempo  rat  lira  of  tbc  ' 

of  the  steam. 

2  =  the  surface  of  the  jet  in  sq.  meL 

8  =  the  mean  of  the  temperatures 

which   the  condenser  pasties  du 

stroke  of  the  piston. 

t  =^  the  maximum  temperatare  of  the  i^ 

jected  water. 
We  may  then  place  as  the  general  vahiei 

1  \  1  q(m-i) 

,,  =i  j  1  -  eos  g-^j-^^-^_^--_^j J 

(9«)  For  the  sake  of  brevity  let  m  \ 
2.06    650-^    274 +  i 


M  =  - 


Now  we  may  put  4>  =  R  0,  R  being  a 
co-efficient  <  1»  depending  partly  upon  the 
resistance  duo  to  the  pressure  of  air,  and 
partly  upon  the  friction  of  the  steam^  whe- 
ther in  the  connections  of  the  general  con- 
,  denser,  or  in  the  tubes  of  the  surface  con- 
l-denBer.  tfy  will  be  composed,  first,  of  heat 
transmitted  through  the  walls  or  skin  of  the 
eondenser,  and  expressed  by 

a  =  KT^^     ....    (3) 

in  which 

^#=  the  co*efficient  of  conductibility  of  the 
walls ;  that  Is,  the  quantity  of  heat 
which  passes  in  1"  of  time  through  one 
sq.  met.  of  this  wall,  with  an  assumed 
thickness  of  one  millimeter  and  for  a 
difference  of  1^  of  temperature  between 
the  two  sides  of  the  wall. 


also; 


&'t        274+1 


/  =  A  + 


•)■ 


?(650-g)  V 

R  T  [a  +  ^  +  ^S(0-OU 


and  substituting  in  eq.  (1)  these  valnaiti 
the  value  of  n,  as  given  above, 

Tc  =  iSL[(P-/-Mf)i-  ' 

This  equation  is  general  and  applieaMtf 
i  both  kinds  of  condenser — cd 

condenser.  In  the  injecting  eaudctiAer  *t 
may  also  suppress  a  and  ^  as  bctn^  iacos* 
siderable  compared  with  /i  X  (O-i).  h 
reality  the  external  and  internal  surfoeet  of 
this  condenser  are  always  in c runted  ckr  oxi* 
dixed,  and  the  latter  is  also  alwap  prol^ri- 
ed  by  a  tissue  of  stagnant  water — eireom' 
stances  which  diminish  oonsidcrably  thcKNi- 
ducting  power  of  the  walls.  It  is  oihem* 
plain  that  /3  is  a  very  tnconsidcrabla  i[9m^ 
tity,  because  the  warm  water  in  th#  b^un 
of  the  condenser  exposes  lo  the  eteea  eBty 
its  upper  or  warmer  8tir£ace«  while 
rior  conducting  power  is  very 
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For  the  injecting  oondenser  then  we  may 
fbee 

»..-JSL[(p-/-Mi)j.-f^X 

{•-"•.^l?i3i)+»(/+»^)'" 

We  bave  assiimed  R  =  1.  We  shall  also 
k»Te  occasion  to  equate  the  value  of  T  ct  in 
Ike  forms, 

Tc.-  =  iSL[(P-i,)  j^.i  (l-cos. 

Te.  =  iSL[^?«  +  8p].    .    (8) 

We  will  pat  this  expression  into  another 
IbnOy  which  will  show  more  clearly  the  in- 
Inenee  of  the  surface  2.  Let  1*  be  such  a 
talue  of  this  surface  that  the  duration  of 
die  condensation  may  equal  that  of  a  stroke 
of  the  piston,  or  so  that  n  =  l.  We  shall 
then  have  in  eq.  (4),  in  which  a  and  P  are 
fnppressed  and  R  =  1, 


whence  cos 
I  other  words 


q  (650  -  e) 


=— 1. 


.,         g(650-6) 
arc(cos  =  -l)=^^2^^or, 


(9) 


Deducting  from  this  equation  the  value 
of  q  and  substituting  it  in  eq.  (7),  we  have 

Te.^iSL  [(P-i,)  ^.^l-cos4') 

+  9p\ (10) 

It  b  obfions  that  this  formula  is  applica- 
blo  only  for  values  of  2  greater  than,  or  at 
letot  equal  to,  2' ;  for  if  we  assume  a  value 
far  X  lower  than  1\  it  would  be  equivalent 
to  onppooing  that  the  condensation  would 
tftke  place  at  a  normal  temperature  &*  higher 
tkui0. 

(10.)  It  may  be  remarked  that  all  these 
OKpraoaions  of  work  consist  of  two  elements; 
oao  ezprooaed  by  the  first  term,  which  is  the 
work  dne  to  the  retardation  of  the  conden- 
■itioD,  or  ile  duration,  and  the  other  due  to 
the  normal  oounter-presAure.  I  purpose 
diotuiiiig  those  quantities  separately,  be- 
gnmiag  with  the  ooanter-pressure. 

(II.)  Ib  prineiple  there  is  no  maximum 
nte  of  iBjoetione    On  the  subject  of  normal 


counter-pressure  there  is  a  prevalent  opinion 
that  the  volume  uf  gases  introduced  increas- 
ing with  the  quantity  of  water,  there  is,  for 
each  kind  of  water  and  condenser,  a  rate  of 
injection  to  which  there  corresponds  a  mini- 
mum counter-pressure.  This  is  true,  but  it 
is  the  result  of  imperfections  in  condensers, 
and  not  of  injecting  condensation  as  a  prin- 
ciple, as  we  shall  prove. 
We  have  taken  (^  6) 

f*  being  the  part  of  the  pressure  due  to  the 
gases  brought  by  the  condensing  water. 
Eq.  (2)  expresses  the  value  of  p  in  ordinary 
condensers,  where,  as  we  have  already  re- 
marked, it  is  necessary  to  inject  about 
twice  the  quantity  theoretically  necessary, 

(Q  =  ^  -^—7-)  on  account  of  the  imper- 
fect mixture  of  the  water  with  the  steam. 
If  we  suppose  the  mixture  to  be  perfect, 
then  the  equation 

^  =  9-^~r  •   •   •(2«^ 

expresses  the  quantity  effect ivelv  injected, 
and  the  temperature,  and  may  be  used  to 
determine  either  one  of  these  quantities  in 
terms  of  the  other. 

On  this  supposition,  in  place  of  eq.  (2),    « 
we  have  ** 

__.   ,    /B  +  d\»-»"  ,  1.03     q      650-^  *oi 

supposing    the    factor    ofrTT'^  ^»  which 

is  approximately  true  in  practice. 

Keplacing  0  by  its  value  deduced  from 
the  above 


^  =  . 


650+^-^ 


1  + 


we  shall  have 


9 


m 


;,=  A  + 


660+^^ 


r        650+,i-I 


1.08 


Differentiating  and  placing  ;j  w^  =  Oi 


—5.18 


650+ 1^ 


[     650+ 15*  n 


650 -r 


•'(••^f)" 


\- 


ir  '  (2c) 
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It  is  from  this  equation  that  we  may  de- 
duce the  value  of  Q  which  will  give  the 
minimum  value  of  p.  We  shall  proceed, 
then,  to  show  that,  within  practical  limits, 
there  is  no  value  of  Q  which  will  satisfy 
this  equation. 

1st.  It  is  impracticahle  to  condense  be- 
yond 100°,  and  it  is  rarely  advantageous  to 
condense  below  20°,  which  corresponds  to  a 
tension  of  1.70  centimeters  of  mercury, 
which  should  be  at  least  sufficient  to  raise 
the  valves  ^  the  air  and  water  pump.  Ac- 
cording to  eq.  (2  h)  the  values  of  —  corres- 
ponding to  100°  and  20°  respectively,  are 
(supposing  ^=10°)  0.1  and  63. 

2d.  The  value  of  m  is  hardly  greater 
than  -^-V,  and  we  will  therefore  take  it  at 
that  value. 

3d.  q  depends  upon  the  pressure  H  of  the 
steam  before  cut-off,  and  the  quantity  £,  the 
part  of  the  stroke  during  which  steam  is  ad- 
mitted. H  varies  between  1  and  10  atmos- 
pheres, and  E  between  iV  &nd  ^.     Hence 

we  have  y  =  /--;    {u   being  the   volume   of 

steam  introduced,  and  A  the  specific  vol- 
ume of  its  resultant  water  at  the  pressure  H. 

For  H  =  1  atnios.  and  E  =  ^ 
we  find 

u  =  -^  and  A  =  1700; 

_      V 

^       1700  X  2 

For  H  =  8  atmos.  and  E  =  t^, 
we  find 

tt=-^-and  A=254; 


whence 


whence 


?  = 


254X15* 

4th.  The  volume  of  the  condenser  v  va- 
y 
rioB  between  -r-  and  V.    Introducing  these 

values  into  eq.  (2  c),  as  well  as  the  values  of 
B  and  C. 

Ford  =  100°,  or-9.= 
we  find  for  H  =  8  atmos 


6.1, 


650+61  T" 


640 


-6.18  [o.33+  -^^^Yr\    -T- n5x7T-« 

t  ^*Xi6  ^  ^1.03  X 20-—  1714-^^ 


a  result  with  a  negative  sign, 
For0  =  2O°or  ^=63, 

we  find  for  H  =  8  atmos.  • 

5  no  Fa  QQ  .   660+630r-«»  WO 

-5.13  1^0.33  +  -i45^^J      X  ^^-ff 

X  ^p^  X  -^1.03  X  20=  -171.14 

y  +  20.6-^-, 

a  result  also  with  a  negative  sign. 

It  is  clear  that  the  results  will  contim 
to  be  negative  in  the  case  where  the  expi^ 
sion  E  is  J,  and  d  fortiori  in  any  case  what 
it  is  expressed  by  a  smaller  fraction  betitei 
^  and  iV.  It  is  also  plain  that  the  resohi 
will  be  negative  for  pressures  H  lower  tba 
8  atmospheres,  since,  in  the  negative  tern, 
which  alone  is  a  function  of  the  prefrait, 
the  factor  254  will  be  replaced  by  numben 
exceeding  that  factor,  in  proportion  u  H 
diminishes.  Hence  the  equation  (2  c)  ad- 
mits of  no  roots  for  values  of  the  viriabk 
corresponding  to  normal  temperatures  be- 
tween 20  and  100  degrees  ;  in  other  worda, 
there  is  no  minimum  of  pressure  betweei 
these  limits.  We  therefore  infer  that  Vi 
may  advantageously  bring  the  normal  ten- 
perature  B  of  the  condenser  as  near  to  thit 
of  the  cold  water  as  the  circumsstaDces  of 
each  particular  case  will  warrant;  regird 
being  had  to  the  manner  of  disposing  of  tbe 
water.  The  vacuum  has  then  no  limit  ex- 
cept the  residuar}'  force  necessary  to  lift  the 
valves  of  the  air  and  water  pumps.  It  will 
be  readily  seen,  from  a  particular  exam|4e, 
that  with  the  cold  water  at  10^  to  15^  {met 
we  can  practicall}'  obtain  only  a  vacunm  in- 
dicated by  6  to  7  cent,  of  mercury,  let  B  = 
45^),  we  can,  by  suitably  increasing  theriU 
of  injection,  and  supposing  that  we  cao  il- 
ways  obtain  a  complete  mixture  of  water 
and  steam — we  can,  I  say,  reduce  9  to  30^ 
or  25^,  and  therefore  reduce  P  to  2.8  or  2. 
cent,  of  mercury. 

I  conclude,  then,  that  that  portion  of  tke 
work  of  the  injecting  condenser  due  to  tbe 
normal  counter-pressure  ;»  S  L  can  be  re- 
duced from  .093  S  L,  corresponding  to  i 
vacuum  of  7  cent,  of  mercury,  to  .Ol'7  S  L 
corresponding  to  a  vacuum  of  2  cent.,  nuk- 
ing a  reduction  of  say  71  per  cent. 

(12.)  In  formula  (7)  the  first  term  i»  al- 
ways positive,  since  P  is  always  greater  thta 
p;  otherwise  tbe  piston  would  be  stopped 
before  tbe  end  of  the  stroke ;  or  if  it  cob- 
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^iMd  its  motion  by  yirtue  of  the  inertia  of 

^  nachinerj,  the  living  force  of  the  latter 

^ttld  be  diminished,  so  as  to  interfere  with 

^  regularity  of  the  movement  of  the  eu- 

^^  and  without  any  compensating  advan- 

^fk    This  shows  that  the  cut-off  may  be 

Imed  too  far  to  allow  of  an  efficient  con- 

NltaUion.    Hence,  other  things  being  equal, 

fr»e  make  r  vary,    the   work   T  c  «   will 

BniDish  proportionally  to  (1  +  r).     Again, 

9  (650  -  ^)    .  .  1  .     .  1 

Nt  -'^  y-7Q  _  >  increases  from  —  1  to  +1, 

Boording  as  rand  2,  or  either  of  these  two, 
nresse.  It  appears  from  eq.  (17),  which 
puwB,  that  the  term  expressing  the  work 
M  to  the  retard  of  the  condensation  is  in 
m  iiiTerse  ratios  of  r*  and  2*.  Hence  the 
CMeneea,  that  it  is  advantageous  to  in- 
MM  as  much  as  practicable  the  vacuum 
■0e  of  the  condenser ;  to  give  the  injected 
\  of  wmter  the  largest  possible  surface  2  ; 
d  to  increase  as  much  as  possible  the 
■gih  of  stroke  of  the  piston. 
(I8.)  The  first  of  these  conditions  seems 

bsTO  escaped  the  attention  of  engineers 
d  batlders.  The  only  point  upon  which 
By  have  been  preoccupied  in  this  particu- 
'  M  to  increase  in  some  measure  the  capa- 
j  of  the  condenser,  with  the  object  of 
Biniahing  the  back  pressure  of  the  gases; 
rsttftded,  no  doubt,  that  the  condensation 

nstantaneous.     But  eq.  (6)  shows  that 

e  f  Taries  not  only  by  the  quantity  M  — 

atiTO  to  the  pressure  of  the  gases,  but 
U  more  by  the  fastor  (l-j-r).  In  fact 
\  rule  generally  adopted  for  the  capacity 
the  eondeoBer,  is  to  make  it  between  \ 
1  \  that  of  the  cylinder  for  single  acting 
pneSv  and  1  for  double  acting. 
il.  Farcot  has  deviated  from  this  rule  in 
I  euines  of  the  Imperial  manufactory  of 
oo-Coiilon,  which  have  a  condenser  equal 
the  ejlinder  in  capacity.  We  believe  we 
I  reeommend  his  variation.  We  will  show 
I  importance  by  an  example.  Take  a 
-tienUr  case,  where  P  =  1  at.  =  1.03  k. ; 
■  0.1  at.».103  k.  Take  formula  (8), 
ere  s  »  1.     Substituting,  we  have 

Tc,-«8L  =  (-^_^^-  +  .103) 

Hake  raceeuively  r=  1,  i,  1,  2.      Then 

Tct«=.877SL 

(i) 
Tct-.860SL 

(1) 
Tcf-i.257SL 


(2) 
Tci=.206SL 
and  substituting 

(i)         (1) 
T     —  T  120 


T*^ 
T     — T 


377 


171 


=  .32. 


=  377=-^^- 


T 

(i)        (1) 
T     —  T      __103      OQ 
(ij -3-6U~-^^- 


.(T 
{*)        (2) 


T 


154 


(i) 


3GU 


=  .42. 


Hence,  in  an  engine  expanding  till  the 
pressures  becomes  1  atmosphere,  condensing 
at  0.1  at.,  and  where  the  duration  of  the 
condensation  equals  the  time  of  a  stroke  of 
the  piston, 

1st.  The  condenser  having  a  vacuum  ca- 
pacity of  \  the  volume  of  the  cylinder,  (r  = 
^),  if  it  be  replaced  by  another  equal  to  the 
volume  of  the  cylinder  (r=l),  then  the 
work  T  c  t  will  diminish  32  per  cent.  If 
replaced  by  one  double  the  volume  of  the 
cylinder,  T  c  t  will  diminish  45  per  cent. 

2d.  The  condenser  having  \  the  volume 
of  the  cylinder,  if  the  same  substitutions 
are  made,  T  c  i  will  diminish  in  the  first 
case  28  per  cent,  and  in  the  second  42  per 
cent. 

(14.)  As  to  the  second  inference  (No.  12), 
no  importance  has  heretofore  attached  to  it, 
though  it  possesses  a  great  deal.  The  water 
is  brought  into  a  receiver  placed  beside  the 
condenser,  whence  it  flows  into  the  latter  by 
means  of  atmospheric  pressure  through  a 
common  nozzle,  with  no  provision,  however 
poor,  for  dividing  the  jet.  It  will  be  well 
to  examine  the  influence  of  2  upon  the  work 
of  the  condenser. 

Let  P  =  1.03  k.,  p  =  .103  k.,  r  =  i,  and 
taking  eq.  (10), 

T  c  t  =  S  L  r.128  (l  -  cos  |-)  +  .103] 

it  will  be  seen  that,  if  2  be  only  slightly 
increased,  T  c  i  will  be  only  insensibly  dim- 
inished. This  last  remark  explains  why  we 
obtain  no  improvement  in  the  vacuum,  prac- 
tically, by  increasing  the  admission  of  water 
beyond  a  certain  degree ;  for  though  we  in- 
crease the  admission  of  water,  we  increase 
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tlie  surface  of  the  jet  very  inconsiderably, 
and  even  this  slight  iocrease  is  couDterbal- 
ancod,  or  even  more,  hy  the  luerease  in  the 
quantity  of  ga^es  brought  in.  But  suppose 
that,  by  means  which  I  shall  indicate,  we 
could  double,  triple,  (juadruple,  centuple  1; 
the  difference**  between  the  values  of  T  c  / 
would  beeome  very  perceptible.  For  in- 
etanoe,  make  succefisively  X~l'i  102'; 
100  2 ;  then 

(1) 
T  c  £=  S  L  [.128.2  +  J03j  =  .359  S  L 

(10) 
T  ci=  .109  S  L 

(100) 
Tcf=.1031SL, 
and 

(1)        (10) 
Tci  —  Tci  _^50 
.S59 


(1) 
Tci 

(1)        (100) 
Tci— Tci 


=  :r_^-,^_==..69. 


.2559 


(1) 
Tci 


.359 


=  .n. 


Hence,  having  an  engine  where  the  dura- 
tion of  the  condensation  equals  the  time  of 
the  stroke  of  the  piston,  where  X=  2*  or  n 
=  1,  if  we  increase  tenfold  the  surface  of 
the  jet,  the  w<irk  will  diminish  09  per  cent, 
and  if  we  increase  it  a  hundredfold,  the 
work  will  diminish  71  per  ecnt. 

(15.)  Let  ua  now  incjuire  how  the  desired 
increase  in  the  eurfuce  of  the  jet  may  be  ob- 
tained, and  within  what  limits  it  may  be 
properly  increased. 

M.  iSanial  du  Fay,  a  naval  engineer,  hai 
devised  a  method  of  '*pulveming"  the 
water,  or  reducing  it  to  the  form  of  spray, 
thus  giving  it  a  great  amount  of  surface. 
This  method  consists  in  forcing  the  water 
through  two  converging  nostzles,  so  that  the 
two  streams  collide  a  short  distance  from 
the  points  of  emergence,  the  result  being  a 
minute  division  of  the  water.  The  minute* 
ness  of  the  division  increases  with  the  pres- 
sure under  which  the  water  is  forced.  By 
this  means  a  litre  of  water  can  be  givt^n  600 
square  meters  of  surface.  The  water  enters 
the  condenser  in  this  comminuted  condition, 
and  the  stream,  mingling  with  it,  obtains  a 
great  surface  of  contact — as  it  wore,  parti- 
cle with  particle.  There  results  a  sudden 
and  intimate  mixture^  a  very  rapid  con  den- 
ization, and  a  perfect  equilibrium  of  tempe- 
rature between  the  water  of  the  condenser 
l|cooflistiog  of  injected  water,  and  water  of 


aaa  ■ 


condensation)  and  the  normal  ti^ii 
Gondenser. 

(16.)  Besides  the  adranta^  of  rapid 
densation,  we  also  have  the  power  of  41 
isbing  the  actual  rate  of  injectioo.  L 
examine  this. 

Ifit.  The  quantity  of  water  at  tbt  M 
rature  t  necessary  theoretically  ta  OCB 
to  the  temperature  0  is,  for  eaeh  iHi 

=  ^     *     ~-  .     Generally    the  quttn 

water  required  in  practice  vanet  hd 
1.75  Q  and  2  Q.  This  is  dwi  totb 
that  a  considerable  portion  of  the  wilp 
capes  contact  with  the  steam,  aad  h 
effect  upon  the  condeosation* 
on  the  one  hand,  the  sar^e  2  of  I 
relatively  smalt,  and  is  hut  littl# 
by  opening  wider  the  injection  vihr 
the  other  hand,  the  water  is  kept  i 
a  constant  stream,  while  it  shnuld^ 
ciplc,  diminish  as  the  condensation 
and  terminate  with  it.  Hence  i| 
that  the  water  issues  from  the 
a  temperature  below  ^,  and  the 
tion  occupies  the  whole  stroke  off 
This  is  shown  hj  the  di.agramii  mhei 
drawn  with  care,  and  by  the  aid  of  3 
cator  sufficiently  sensitive.  To  ar^tir  -i 
the  rate  of  injection  to  the  tl> 

there  is  requisite,  not  merely  a  t^^ 

mate  mixture  of  water  and  i^team,  bttta 
intermittent  injection,  lasting  nr  ^  *'"-'• 
time  absolutely  necessary  for  c« 

With   this   view  I  propose   toe  T'>n< 
arrangement.     The  cold  water  ci<lan 
stead  of  being  open,  is  to  ^ 
into  conmmnication  intern 
stroke  of  the  piston,  with  bttiin 
rounds  the  cylinder*     This  co 
should  last  a  little  longer  than  the  liu 
quisite  for  condensation.     The  t<m  < 
water  will  be  effected  by  the  pir«fl«iife( 
steam,  and  will  cease  the  moment  iim 
mnnication  is  intercepted.     Fig.  2  wil 
the  idea  substantially*     D   is  tW  el 
subject  to  intermittent  pressure ;  A,  a 
worked  by  the  rod  of  tlie  slide  Tm}f«;  ] 
jecting  condenser;  F,  steam  port  pp 
into  condenser  ;  G^,  cammunioatkm  ^ 
and   water   pump;  a,  Du  Fay 
comminuting  the  water ;  they  are  1 
copper  pipe,  which  can  be  easily  i 
in  case  of  obstruction,  and  anollieri 
through  the  hole  B  ;    C,  reawirvoif 
water ;  R,  check  valve  between  ik^  m 
and  reservoir.     When  tbti  valve  A  tt  i 
the  check  valve  R  shuts;  when  it  i 
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Fig.  2. 


tfld  bj  atmospheric  presanre,  and  tte 
flspeuded  from  D  is  resuppHed  auto- 
ilj  by  the  reservoir  C.  By  means  of 
n  arrangeflient  the  actual  rate  of  in- 
i  may  be  dimltibhed  so  as  not  to  e%- 
me^tenth  the  theoretical  rate,  which 
^ffectf  the  use  of  water  amounting  to 
in  place  of  1.75  Q  —  an  •economy  of 

or  .37, 

I  economy  may,  in  gome  cases,  be  a 
of  no  small  consequence ;  indeed  it 
£»eom6  highly  important  when  water  is 
,t«d  snpply,  or  hm  to  bo  pumped  from 
t  depth  1  or  when  it  is  necessary  to 
I  hign  temperature  in  the  condenacr 
juseqnent  strong  hack  pressure,  or 
to  otherwise  abandon  the  condenser 
ibefp 


2d.  In  a  case  where  this  economy  of  water 

can  be  realized,  instead  of  employing  it  to 
reduce  the  normal  temperature  B,  and  con*' 
sequently  the  back  pressure  of  the  con- 
denser, wc  may  reduce  in  the  same  propor- 
tion, via,  ST  per  cent  the  volume  of  the  air 
pump,  and  thus  diminish  sensibly  the  resist* 
ing  work  of  this  mcmbelr.  The  work  T  a  of 
this  pump  is 

T  a=^0  + (1.03-37')  f/; 

an  expression  in  which  0  is  the  work  due  to 
the  exhausting  of  the  water  and  air,  and  to 
friction ;  f,  the  area  of  piston  in  sq.  cent, ; 
/,  the  stroke ;  p,  the  mean  pressure  in  the 
condenser  during  a  stroke  of  the  piston. 
Keeping  in  Tiew  the  preceding,  $  may  be  re- 
placed by 

*'-s(l-,87}=.63f 
and  substituting 

Ta=O  +  (L08-j?),63t/. 
Allowing   that   0   remains  the  same — m 
supposition  not  favorable  to  our  case — then 

(17.)  The  third  condition  mentioned  in 
(^  12)  with  reference  to  the  duration  of  the 
stroke  of  the  piston,  seems  to  have  received 
no  attention  in  the  various  projected  engines. 
This  element  of  the  problem  has  always  been 
made  subordinate  to  eon  side  ration  f  having 
no  reference  to  the  development  of  power. 
This  will  be  seen  by  the  following  tables, 
taken  from  examples  given  in  the  work  of 
M.  Craudry,  Traits  dee  Machines. 

It  appears  by  these  tables  that  the  dura- 
tion of  the  stroke  varies  between  0".  37 5  and 
l'^200,  and  without  any  relation  to  the  ele- 
ments of  motor  power  (pressure,  diameter^ 
and  velocity  of  piston).  It  appears  that 
it  baa  been  determined  only  after  the  dia- 
meter of  the  wheels  or  the  pitch  of  the 
screw,  with  the  view  to  obtaining  a  given 


PowEa. 

Steam. 

PlSTOH. 

1. 

ii 

Wheels. 

i 

MB  or  Vesskls. 

1 

1 

5  ^ 

11 

Velocity 
per  see., 
meters. 

.Ko.2 

120 
240 
126 
120 
450 
260 

'148 
450 

1.6 
1.5 
4.0 
6.0 
6.0 
3.5 

.60 
.70 
.80 
.40 
.26 
.25 

1.00 
1.20 
.91 
1.36 
1.20 
2.25 

1.26 
1.45 
.86 
.66 
1.20 
1.90 

84 
84 
86 
86 
85 
28 

4.68 
4.70 
4.65 
8.96 
6.80 
6.70 

8.289 
8.886 
8.760 
7.460 
9.707 
8.187 

.987 

No.  4 

ro9 

.937 
.888 

Q 

.882 

.857 

0.6 

1.071 
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area  a  be  d  hi,  fig.  3,  which  represents  the 
developed  power  per  sq.  cent,  of  surface  of 
the  piston ;  that  is,  the  quantity 

^=  HE  (1+4); 

the  area/^  A  i  representing  the  portion  of 
the  resisting  work  of  the  condenser  due  to 
the  normal  counter-pressure  p,  which  1  shall 
designate  hy  T p;  that  is,  the  quantity 

lP.  =  . 

S 


=pL; 


and  the  area  defg  representing  the  other 
part  of  the  work  of  the  condenser  due  to 
the  retardation  of  condensation,  which  I 
shall  designate  by  T  r ;  that  is,  the  quantity 

I  give  in  the  following  table  the  values  of 

TfS"'  Tm'  ~T1^'  deduced  separately 
from  the  aforementioned  diagrams,  from  e(|. 
(8),  and  also  eq.  (10),  to  a  condenser  modi- 
fied conformably  to  the  consideration  in  $ 
12-16. 

The  engine  which  furnished  these  dia- 
grams made  29  revolutions  per  minute,  and 
its  condenser  had  a  vacuum  space  one-fifth 
the  capacity  of  the  cylinder.  The  valves 
had  but  a  very  slight  lead.  In  the  diagrams 
the  line  of  perfect  vacuum  was  determined 
by  the  pressure  p  observed  by  the  manome- 
ter of  the  condenser,  and  the  portion  of  the 
initial  ordinate  below  the  atmospheric  line. 
The  values  of  n,  introduced  into  eq.  (8), 
were  determined  by  the  diagrams.  As  there 
was  some  uncertainty  about  the  true  posi- 
tion of  the  point  of  contact  of  the  arc  of 
the  parabola  with  the  line  parallel  to  the 
atmospheric  line,  there  resulted  also  some 

T  r 
indecision  as  to  the  true  values  of -^ — ,  and 

1  III 

T  r  • 

consequently  of  -j^ — deduced  from  that  for- 
^         "^  Tm 

mula.       It     will     be    readily    understood 

that  the  values  deduced  from  the  diagrams 

are   still   less   precise.     There   should   be, 

then,  some  differences  in  the  results  from 

the  diagrams  and  those  deduced  from  the 

formulae.     But  they  approximate  sufficient- 

T  c  t 
ly  to  allow  the  conclusion  that  -j^ —  ranges 


between  12  and  14  per  cent,  or  a  mean  of 

T  r 
13  per  cent,  in  which  -j^ —  figures  for  seven 

T  V 
per  cent,  and  -m—  for  six  per  cent. 
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o.oooooooo 


I-  p  p  «  »C*  3*  «  CI  MJ 
^  CO  t-*  CO  «  06  «i  C'l  I-- 

c4  p-^ r^  p-^ p^ ^  ^    'i-; 
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o  '?» M*  ^  C!  *i  e-i  X  o 

«H  X'  or  *?!  '3C  ^  I-  ■T'l  t-O 
1^  ^  -1^  55  TJ  I-  go  L-J  30 


^1 «  00  g>  a  51  *fi  *i  O 
I--  1^  I-  as  l^  Cfc  gq  H30  aq 

ce  c^i  ei  CI  w  1^  r-.  q  T-H 
.w<:paacgo?SiOiSO 


6  6^66666  6 


It  will  be  leen  that,  n  d« 

actual  condeDBer,  -J^    1^ 

riea  between  .118  m.  aad  .Itf 
m.,  tbe  mean  being  .ISO  Hi 
This  ratio,  in  the  modified  Mfr 
denser,  gives  a  mean  of  jW 
m.,  botog  an  eeoriimiy  of  8i 
per  ceDt  of  dcTeloped  po«a« 
not  including  the  ceonoBy  ■ 
the  working  of  ilie  ikir  poap. 
(To  b«  oonUBMd.) 


MALLEABLE  CAST  mSL 


TraniUtod  from  «  Lo  Otek 
triol." 

For  the  production  of  tUi 
material  moat  of  the  Gema 
founders  use  first  fiisioo  m^ 
free  from  sulphur  and  pMi- 
phorus,  or  Scotch  pig.  Stjm 
ftbo  furoishea  a  suitable  iron, 
which  can  be  uded  onlj  m  lb 
north  of  Oermanj,  ho««fw^ 
on  account  of  tbe  ezpeiue  of 
transportation  and  high  dntioL 
On  account  of  the  competitm 
of  wrought  iron,  greal  elirap" 
ness  is  very  Ci^^eutiai  to  iu  alt. 

The  makers  keep  secret  tW 
brand  or  grade  of  iron  wkieb 
thej  emploj,  but  it  is  well  ii- 
doriitood  that  the  brands  ti« 
not  the  aAtue  in  dif er^Qt  c^tiis- 
lishincnta.     The  iron  i-  : 

in  plumbfigQ  crucibleji,  hoidiig 
about  30  kilog.  Thej^  are  cor- 
ercd  with  porcelain  lids,  to 
kaep  on  LiDpttritie.«(  and  tmim 
which  reduce  the  high  heat  i^- 
quisite  for  the  prooeis*  Th 
fire,  in  which  the  crucihtei  if« 
placed,  is  from  .630  m.  to  3^ 
m.  square,  and  m  ^nmmsM 
with  bricks  of  porretaio  e$A 
Tho  use  of  blast  is  not  adfia* 
tageous,  since  the  eoonomj  of 
time  is  offset  by  a  greater  eoa> 
mmption  of  coke.  The  natiral 
draught  of  the  chimney  u  lafi- 
oient  when  the  fiomaaee  is  prop- 
erly constructed.  As  we  ufe 
said,  an  essential  condition  of 
success  is  a  high  heat  at  tbe 
moment  of  pouring.  PrMtice 
enables  the  founder  to  estimste 
the  heat  of  the  furnace,  and 
he  recognises  the  precise  b*> 
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by  plungiDg  a  bar  of  red  hot  iron 
he  crucible,  from  which,  upon  being 
irawn,  the  metal  flies  off  in  sparks.  The 
bies  are  raised  with  tongs,  with  curved 
and  the  pouring  is  done  with  all  possi- 
>romptitude — the  surface  being  first 
ed. 

cementation  the  casting  acquires  the 
trties  of  wrought  iron,  having  some 
gy  to  steel.  The  operation  consists  in 
cting  the  castings  to  a  prolonged  red 
in  a  bath  of  pulverized  red  hematite, 
are  arranged  in  boxes  of  cast  iron  call- 
iiffles.  It  would  seem  that  the  cjlindri- 
(im  ought  to  be  most  advantageous  for 
>oxe8,  but  practically  they  are  simply 
"e,  and  with  covers  which  should  keep 
ntirciy  the  least  access  of  air. 
arrsuffing  the  castings  in  the  boxes 
are  placed  in  layers  alternately  with 
B  of  hematite.  The  cementing  furnace 
■y  simple.  The  grate  is  iif  front,  and 
raft  of  the  chimney  carries  the  hot  air 
id  the  boxes.  The  heat  should  be  con- 
id  with  care,  starting  rather  vigorously, 
der  to  reach  quickly  the  desired  tem- 
ore ;  then  supplying  the  furnace  at  re- 
intervals.  The  cementation  lasts  three, 
and  five  days,  according  to  the  size  of 
ieces.  A  charge  is  about  350  to  450 
.  of  castings.  In  arranging  the  charges 
pieces  should  not  be  mingled  with 
,  and  those  muffles  containing  the  larger 
8  should  be  placed  in  the  furnace  first, 
be  other  hand  the  smaller  objects  arc 
d  on  the  sole  of  the  furnace.  Without 
precautions  many  pieces  may  be 
sd,  or  badly  decarburized — the  latter 
nins  something  intermediate  between 
and  steel.  When  the  operation  is 
led  complete,  the  fire  is  allowed  to 
but  the  furnace  is  not  uncharged 
it  has  gradually  cooled.  Practice 
;  an  important  part  in  the  manage- 
uf  the  firing,  as  the  temperature  can  be 
ed  of  only  after  prolonged  experience. 
,  to  the  fuel,  the  greatest  expense  is  the 
nting  boxes,  which  are  often  serviceable 
for  a  single  operation. 


s  Pennsylvania  Steel  Works. — 
*be8e  works  are  producing  eight  heats  of 
OD8  each  in  one  *'  turn*'  of  twelve  hours. 
in  remarkably  fast  working,  and  proves 
txcellence  of  the  machinery  and  of  the 
kgement.  The  entire  eight  heats  of  iron 
melted  in  one  charge  of  the  cupola,  as 
oved  t»y  Mr.  Pearse. 
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AMERICAN  RAILWAY& 

AN  ENGLISH  VIEW  OF  THEIR  MERITS  AND 
DEFECTS. 

From  the  eorrespondenoe-of  **  Engineering." 

In  the  mechanical  construction  of  Ameri- 
can rolling  stock  the  bogie  pla^s  a  most  con- 
spicuous part,  and  is  the  chief  feature  of 
difference  between  our  own  practice  and  that 
of  American  engineers.  In  America  its 
adoption  is  universal,  whilst  in  this  country^ 
in  actual  practice,  it  is  very  little  known. 
There  must,  of  course,  be  some  substantial 
reason  for  so  great  a  difference  between  the 
practice  of  two  countries  so  intimately  con- 
nected. 

In  the  first  place,  then,  the  permanent 
way  in  America  is  generally  understood  to 
be  inferior  to  our  own,  and  on  this  point  I 
think  very  little  doubt  can  exist.  The  sec- 
tion of  rail  is  usually  considerably  lighter 
than  with  us,  and  is  out  of  all  proportion  to 
the  loads  it  has  to  carry.  The  roads  are 
scantily  ballasted,  and  the  use  of  ballast  at 
all  is  the  exception,  and  not  the  rule.  Much 
has  also  been  said  about  the  inferior  quality 
of  the  rails  sent  to  America,  but  I  would 
venture  to  say  the  rails  are  "  more  sinned 
against  than  sinning,''  as  I  shall  presently 
show. 

Those  who  have  not  had  an  opportunity  of 
examining  the  permanent  way  can  form  no 
idea  of  the  rough  character  it  presents.  The 
rails  are  laminated,  bent,  crushed,  and  out 
of  line  to  an  extent  entirely  unknown  in  this 
country.  The  "fishing"  of  the  joints  is 
also  done  in  a  very  inferior  manner,  and 
there  are  thousands  of  miles  laid  without  the  • 
joints  being  fished  at  all.  On  one  line,  where 
I  was  detained  owing  to  a  goods  train  being 
off  the  track — the  result  of  a  broken  rail — 
I  took  the  opportunity  of  noting  the  ine- 
qualities of  the  road,  and  measured  the  dis- 
tances the  rails  had  parted  asunder  at  some 
of  the  joints  ;  I  found  in  many  places  the 
gaps  to  vary  from  1  in.  to  3^  in.,  and  the 
ends  of  some  of  the  rails  thus  separated 
were  off  the  sleepers  altogether.  The  break- 
ing of  the  rail  in  question,  therefore,  ceased 
to  be  a  matter  of  surprise.  In  winter  the 
ground  is  frozen,  for  months  together,  almost 
as  hard  as  granite,  and,  practically,  during 
this  time  no  repairs  can  be  done  to  the  road  ; 
to  make  the  mutter  still  wui^o,  iit  n';-.:ziu 
it  often  happoub  that  uue  rail  i>  i-Icnulc  i  -> 
in.  or  7  in.  above  the  level  i)f  the  other. 
These  ''froot-blisters,"  so  called,  are  of  fre- 
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qnent  occurrenoe,  and  the  uneveuness  of  the 
line  i»  a  »ource  of  great  trouble  and  diingor. 

Home  idea  may  be  fornried  from  this  of  the 
difference  between  the  Amenenn  permanent 
way  and  our  own.  It  ia  to  such  roads  as  I 
have  described  that  American  engineers  have 
had  to  adapt  their  rolling  Btock,  and  for 
them  the  bogie  is  an  absolute  necessity,  as  it 
enables  a  carriage  to  pass  over  sueh  roads  ati 
I  have  described  with  leas  Oflcillation,  vibra- 
tion, or  jolting  than  ia  experienced  in  the 
railway  carriages  in  this  country. 

It  is  only  justice,  however,  to  B*y  here 
that,  with  increased  capital  and  other  favora- 
ble circurastanees,  many  of  the  American 
lines  are  being  gntdnully  recon??trneted  and 
the  permanent  way  made  generally  equal, 
and,  in  some  respects,  superior  to  our  own  ; 
rails  of  heavier  and  better  sections  are  being 
laid  down,  and  steel  raik»  with  steel  fish- 
plates, of  greater  length  than  ours,  are  being 
largely  introduced* 

It  may,  therefore,  be  worth  while  to  con- 
giderif  the  Americans  can  construct  carriages 
to  pass  smoothly  over  rough  roads,  whether 
it  be  not  possible  for  English  engineers  to 
construct  stock  which^  at  all  events,  will  run 
with  some  degree  of  comfort  over  lines  wbi<?h 
are  incomparably  superior*  The  chief  dif- 
ference between  the  two  is,  that  in  the 
American  arrangements  all,  or  at  least  the 
greatest  part,  of  the  motion  arising  from  the 
irregularities  of  the  road  is  absorbed  by  the 
bogie,  and  not  transmitted  to  the  body  of 
the  carriage,  whilst  with  us  every  uneven- 
ness  in  the  road  is  at  once  communicated  to 
the  body  of  the  carriage,  the  result  being 
tliat  our  carriages  oscillate  at  times  to  a 
frightful  extent,  which  not  only  unpleasant- 
ly affects  the  passengers,  but  is  a  source  of 
oonaiderable  extra  expense  to  the  railway 
companies,  for  the  carriages  require  to  be 
much  heavier  than  would  otherwise  be  necea- 
Bary,  to  withstand  the  shocks  caused  by  the 
whole  weight  of  the  carriage  being  thrown 
violently  from  one  side  to  the  other ;  the 
ffange  friction  and  also  the  friction  on  the 
ends  of  the  journals  is  much  increased,  and 
the  damage  to  the  tyres  and  permanent  way 
COnge<jnently  much  greater* 

It  is  often  a  matter  of  wonder  why 
omnibuses  traveling  over  roads  which  for 
evenness  bear  no  comparison  to  a  railway 
should  be  80  much  lighter  in  proportion  to 
Ihe  load  they  carry.  Put  horn  plates  on  an 
omnibus,  and  you  will  soon  shake  it  to  pieces, 
&nd  no  passenger  would  ride  in  it  a  second 
time*     In  an  omnibus,  however,  the  irre- 


gularities of  the  road  are  abtforbfil  W 
springs,  and  not  transmitted  to  iW  ^ 
the  vehicle,  and  whj   shoald   not  lb* 
principle  be  carried  vat  m  railway  pi 
Some  time  ago   Mr,    Attack,   Ute 
superintendent  of  the  Qre»l  Eartrrt 
way,    successfully    interpoacNl    lOil* 
blocks  between  the  body  of  the 
the  framCf  in  order  to  preTenl  ibe 
ing   transmitted  ;  the   arrangencttl 
aUo  other  advantages.      Tbe  corafoft  toj 
sengers  was  found  to  He  90  greai 
simple  introduction  that  motii  of  ovr 
companies  immediately  adopted  ft. 
carriages  are  now  eoDStru  ?>fl«| 

india-rubber  blocks.  If  th,  , ,  .  .ipk 
carried  a  little  further  it  would  be 
tively  easy,  not  only  to  prevent  the 
mission  of  sound,  but  also  of  violenl 
arising  from  inequalities  of  tbe  road, 
the  principle  embcidied  in  the  wwbkgho^d 
America  would  aceompli.^b  tbiK,  asd  migk 
easily  be  adapted  to  the  existixig  ruQi^ 
stock. 

Having  said  bo  tnacb  in  referetifv  *«  tit 
principle  and  utility  of  the   t  -ly 

proceed    to   another  di.^tinctiVi  i& 

American  rolling  stock — the  cthiUed  airt^ 
iron  wheeh  The  Americans  are  pcrfollf 
familiar  with  the  construclion  of  oar  «r* 
riagcs,  wagons,  and  locomotives,  atkd  tU 
best  English  examples  havo  been  tried  ^ 
their  lines  of  railway.  I  Haw  in  th^  llkip 
of  several  railway  companies  namben  (I 
English-made  wheel.'*,  both  wrought  imiiAai 
wood  ;  some  of  these  had  been  tried,  bat 
very  soon  broke  up,  and  were  frequeotlj  tki 
cause  of  accidents. 

However  anxious  American  *  -^ 

to  adopt  the  best  arrangemenlr^  a 

or  other  countries,  we  have  not  1  1  <♦ 
offer  them  wheels  at  all  aft  r  ,  :  :  ta 
strength,  durability,  and  c!  tu  lUi^ 

cast-iron  chilled  wheels. 

It  was  shown  both  in  a  reoeot  fapif^ 
and  during  the  discussion  which  follMwl 
upon  it,  how  much  stronger,  cheaper,  Itg&Kr, 
and  enduring  these  wheels  as  manufiielttni 
in  America  (and  also  on  tbe  CoDti»#BI, 
where  they  are  largely  used)  are  to  o^r  owi* 
Since  the  Americans  have  paid  us  ili» 
pliment  of  trying  varieties  of  wheels 
factored  in  this  country,  we  might  rtlwi 
the  com|»liment^  and  see  how  far  their 
wheels  would  be  valuable  to  us  h^re.  Chii 
of  our  most  enterpristng  looooiotiv* 
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ndents,  Mr.  William  Adams,  has  already 
ie  «D  experiment  with  them,  and  in  reply 
IB  inqniry  ms  to  the  result,  says,  that  after 
uing  them  for  a  considerable  length  of 
i«  imder  the  bogie  of  one  of  his  heavy  en- 
Ms,  lie  oonld  see  no  traces  of  wear  at  all, 
i  that  the  surface  in  contact  with  the  rail 
•  amply  polished. 

The  American  wheels  are  made  from  the 
lekeold  hUst  charcoal  iron,  the  strength 
f  which  is  exceedingly  great,  as  may  be 
deed  from  their  test  bars  standing  a  tensile 
mm  <ii  18  to  21  tons  per  square  inch  of 
MtMNi ;  and  not  only  is  the  tensile  strength 
imt,  hut  their  tenacity  is  equally  striking, 
i  hieaking  the  pigs  I  have  seen  them  bend 
laTeiT  visible  extent  before  separating. 
imteh  iron  in  one  or  two  instances  has  been 
ttempted,  mixed  with  superior  American 
lea,  bat  without  success,  and  all  such  ad- 
Hzlores  are  regarded  with  extreme  sus- 
isioa,  and  are  only  attempted  by  inexperi- 
aoed  or  unprincipled  manufacturers.  It  is 
iwthy  of  remark  that  even  among  the  bet- 
ir  elan  of  charcoal  irons  there  is  almost  as 
meh  difficulty  in  obtaining  suitable  material 
with  the  reauisite  chilling  and  other  pro- 
lariias)  for  these  wheels,  as  there  is  in  select- 
■g  suitable  material  for  good  Bessemer 
teel.  Id  America,  out  of  a  considerable 
nrnber  of  generally  excellent  irons  there  are 
nt  more  than  half  a  dozen  which  have  ob- 
a  special  reputation  for  this  class  of 
U  among  them  the  Salisbury,  the  Rich- 
■ond,  and  more  recently,  and  with  remarka- 
Ue  success,  the  Acadian  charcoal  iron, 
shieb,  notwithstanding  the  very  high  duty 
rf  nearly  £2  per  ton,  has  been  imported 
from  Nova  Scotia  for  the  manufacture  of 
drilled  wheels  by  Messrs.  Whitney  and  Sons, 
of  Philadelphia. 

In  Germany,  too,  where  these  wheels  are 
peatly  in  vogue,  and  where  their  manufac- 
ture has  been  conducted  with  special  skill, 
the  range  of  selection  of  really  suitable 
irans  is  comparatively  small.  The  cost  of 
meh  iron  ranges  from  £6  lOs.  to  £7  lOs., 
sr  eren  more,  per  ton  in  the  States,  and  the 
prioe  of  wheek  2  ft.  9  in.  diameter,  weigh- 
»g  from  400  to  550  lb.  ranges  from  £2  15s. 
Ie  £3  7s.  6d.  per  wheel  or  an  average  of 
ibout  £14  to  £14  10s.  per  ton.  The  dis- 
Isneos  travelled  b?  these  wheels  hayo  been 
tsrionsly  stated,  but  the  average  may  be 
idely  taken  as  from  100,000  to  150,000 
rnles.  I  may  just  mention  that  the  wheels 
lie  not  keyed  on,  but  simply  forced  on  by 
hyifanlie  pressure,  varying  from  20  to  30 


tons.  There  is  nothing  peculiar  about  the 
axles  employed,  but  the  axle-box  is  simple 
and  convenient  in  construction.  On  many 
lines  the  bearing  is  formed  by  running  white 
metal  into  a  brass  frame,  which  is  found  to 
be  much  more  economical  than  brass  alone. 
The  distance  these  bearings  will  run  is  from 
50,000  to  55,000  miles,  and  afterwards  they 
are  again  lined  up.  The  journals  are  lubri- 
cated with  crude  surface  rock  oil  from  the 
wells  of  Pennsylvania,  the  cost  of  which  is 
only  6d.  per  gallon ;  in  England  we  pay 
from  3s.  to  4s.  Od.  per  gallon. 

It  is  very  pleasing  to  note  the  efforts  made 
by  all  the  railway  companies  in  America  to 
secure  the  greatest  amount  of  comfort  to  the 
passengers.  The  subject  of  ventilation  has 
occupied  considerable  attention,  and  ingeni- 
ous contrivances  for  effecting  this  most  de- 
sirable object  are  very  numerous  and  inte- 
resting. It  is  a  very  easy  matter  by  open- 
ing a  window  to  admit  a  rush  of  air  into  a 
compartment,  as  many  of  us  know  to  our 
cost,  and  it  is  very  uncomfortable  to  be  stifled 
by  having  the  windows  closed  altogether ; 
between  the  two^in  this  country — ^we  have 
very  little  alternative  ;  there  are  certainly 
what  are  termed  ventilators  over  the  doors, 
but  they  are  all  but  useless,  not  being  con- 
structed on  any  correct  principle  for  the 
proper  circulation  of  air. 

Now,  the  Americans  have  a  very  simple 
plan  for  exhausting  or  drawing  the  impure 
atmosphere  out  of  their  carriages,  which 
is  the  pnncipal  difficulty  experienced  in  all 
attempts  at  ventilation.  On  one  occasion, 
whilst  traveling  in  a  sleeping  car,  I  felt  a 
strong  inclination  to  smoke  a  cigar  ;  I  asked 
the  attendant  if  it  were  permitted,  and  was 
informed  that  such  a  thing  was  never  allow- 
ed ;  but,  seeing  that  I  was  an  Englishman — 
and  with  that  desire  which,  I  must  say, 
evinces  itself  at  every  turn  to  show  atten- 
tion to  our  countrymen — he  said  :  "  Though 
it  is  not  allowed.  Sir,  I  will  fix  you  up  so 
that  you  can  smoke  your  cigar  and  no  one 
shall  know.  I  was  curious  to  see  how  this 
was  to  be  done,  as  there  were  passengers 
sleeping  on  every  side  who  would  certainly 
have  complained  had  they  perceived  any- 
thing so  unusual.  Presently  he  appeared 
with  a  small  flat  board  about  7  in.  wide  and 
13  or  14  in.  long.  **  This,  Sir,  is  the  ven- 
tilator, which  I  shall  put  in  the  window, 
and  you  can  then  smoke  as  much  as  you 
like.*'  He  then  opened  the  window,  and 
inserted  the  board  so  that  it  projected  at 
right  angles  to  the  carriage-body,  immediate- 
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1 J  causing  a  strong  outward  current  of  air  [ 
which  took  away  the  smoke.  The  principle 
of  it  \»  easily  seen  :  the  hoard  causes  a  rush 
of  air  in  front  of  the  window,  to  the  distance 
it  is  projected,  and  a  vacuum  \»  thus  created 
on  the  other  side  of  the  ventilator,  and  the 
air  exJiausted  from  the  carriage.  With  this 
simple  contrivance — and  the  same  principle 
is  carried  out  in  various  ways  by  the  Ameri- 
cans— for  exhausting  the  foul  air,  and  by 
admitting  the  pure  through  a  considerable 
area  of  ^ne  wirc-gauae,  either  in  single  sheet 
or  a  double,  placed  ao  as  to  leave  a  space 
between  the  two— instead  of  allowing  the 
air,  as  is  the  usual  practice  here,  to  rush 
through  unchecked  openings  injudiciously 
placed,  causing  dangerous  draughts^ — we 
should  have  a  very  efficient  method  of  Ten* 
tilation. 

I  would  next  make  a  few  remarks  on  their 
locomotives.  It  has  been  said  that  the  dif- 
ference between  between  English  and  Amcri* 
can  locomotives  is  in  outward  appearance 
only:  this  may  be  so  to  a  great  extent,  but 
I  think  there  are  points  of  detail  (and  points 
of  detail  sire  sometimes  very  important) 
which  are  worthy  of  note  and  consideratiou* 
The  first  glance  at  an  American  locomotive 
gives  you  the  impression  of  an  old  Bury 
engine  with  a  bogie  in  front  and  a  great  deal 
of  Birmingham  finishi  and  one  is  inclined 
to  imagine  that  American  engineers  caunot 
have  seen  English  locomotives,  but  this  idea 
is  soon  dispelled  when  they  are  examined  in 
detail  or  their  performances  witne^^sed.  The 
curves  on  some  of  their  main  lines  are  very 
severe  :  as  an  example,  those  on  the  Penn- 
sylvania Central  above  Altoona  are  set  out 
lo  a  radius  of  000  ft.,  not  for  short  distances 
only,  but  in  long  lengths  of  continuous 
curves.  The  heavy  traffic  is  worked  over 
this  section  of  the  line  by  means  of  six- 
wheeled  coupled  engines,  which  in  passing 
round  the  curves  have  comparatively  no 
iange  friction  at  all ;  the  bogies  of  these 
engines  have  a  swing  motion  similar  to  that 
of  the  carriages,  which  leaves  the  engine, 
to  a  great  extent,  free  in  front ;  the  bogie 
wheels  are  made  to  correct  guage,  and,  in 
order  to  prevent  grinding  or  flange  friction^ 
the  leading  and  centre  driving  wheels  arc 
virtually  without  flanges,  the  loading  wheel 
having  no  flange  and  the  middle  wheels  be- 
ing very  slack  in  guage,  whilst  the  trailing 
wheels  fit  the  gauge  exactly.  From  this  it 
will  be  apparent  that  there  are  no  lnudii^g 
point «  throughout  the  whole  wheel  base* 
The  tyros  of  the    two   middle   wheeU    arc 


made  much  broader  to  allow  ibe  tn 
latr^ral   travel.      Fonr- wheeled    «<>uplf4 
gines  are  also  sometimes  made 
flanges  on  the  driving  wheels. 

The  framing  is  made  of  hquare  hu 
well  put  together;  platc-fraaiing  hat 
tried  and  abandoned.  The  slide  vain 
horizontal  and  worked  by  toe«tifl  a 
shaft ;  direct-acting  valve*  bavf»  been 
but  given  up,  and  all  engines  witli  tniek 
arrangements  sent  from  thia  eoittitTy 
been  altered. 

Instead  of  the  balance  weight  lo 
motion,  a  simple  arrangement  of  oofl 
has  been  substituted,   which  has  a  m 
pearanee  and  enables  the  reversiag 
work  more  freely. 

A  "  Bamsbottom  ^^  Arrangeineiit  irf 
reversing  gear  has  on  some  line*  b#eii 
ed  in  combination  with  the  reverM^f 
so  that  either  one  or  the  other  eaa  be 
The  eccentric  straps  and  shemres  aro 
iron,   neither  brass  nor  white  tneul 
used*     They  wear  much  better,  arc 
cheaper,  and  give  no  trouble-     Tk# 
I  box  is  simply  a  continuation  of  tke 
plates,  and  the  smoke-box  door  is  of 
I  This  makes  a  strong,  substantial  arraii|^ 
and  at  the  same  time  cheap  and  euj  4il«4h 
struct  ion. 
Steel  boilers  are  becoming  very 

were  to  he  found  in  the  looomwtiv*       ^^ 

all  the  railways  I  visited,  and  »t«;l  fli«-balt 
were  also  very  largely  employed.  Amtsm^ 
engineers  have  no  hesitation  on  \hm  fcb* 
jeet,  and  could  they  obtain  goitd  ^t«5el  pbMf » 
cheaply  as  we  can  in  this  country,  ihe  w^d 
iron  plates  would  soon  be  aba.ndcn«il.  IV 
fire-boxes  are  only  ^  in.  thick,  andMBttil 
the  locomotive  superintendents  infofmed  •• 
that,  were  it  not  for  the  diffienltT  of  ik 
stays,  they  would  have  them  «ttU  t^iiff' 
Thin  plates  are  advantageous  in  twe  w^l 
steam  is  generated  more  rai  '  '  '  ""^  * 
cally,  and  they  admit  of  t  .>wi 

Steel  fire-boxes  have  brok^^n  in  tlui 
try,  but  this,  I  believe,  was  owing  in  a  irpi 
measure  to  the  thickness  of  ikt  pMa. 
Whilst  we  are  hesitating  in  this  mm; 
about  the  use  of  steel  boilers,  the  Xm&iau» 
have  passed  through  the  field  of  exyeniaeat, 
and  are  now  largely  u^ing  them.  I  la^  » 
steel  boiler  tested  at  Pittsbur-  i^-  ^Ut9» 
were  \  in.  thick ;  the  boiler  \\  ^^ 

meter  and  4  ft.  long»  with  fi»i  » uu»  -i*^ 
longitudinally.  Some  of  theae  itap  ^v* 
way  with  a  presiiure  of  780  lb.  on  ihtf  •qtw* 
ben,  and  one  end  of  the  Kuler  wu  W«^ 
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tlie  thiekness  of  the  plates  being  much 
than  in  the  barrel.  Before  bursting, 
iMurel  stretched  4  in.  in  circumference 
Vyood  its  original  dimensions. 
r^  Tke  weight  on  the  driving  wheels  of  the 
Lj.l^vheeled  coupled  engines  is  from  8  to  12 
^ IrlMM,  being  very  excessive  for  the  prevailing 
~  f ''^^  sections  of  rails. 

I  1¥6  are  astonished  when  accounts  reach 
-j^  ts  of  the  number  of  rails  broken  in  America, 
~{  tat  to  any  one  who  has  been  over  there  and 
:  iifestigated  the  subject,  it  is  a  matter  of 
j^snprise  that  the  number  is  not  greater.  The 
I  vourht  of  the  rails,  generally,  is  from  56  to 
[  CO  Id.  when  new,  but,  but  after  several  years' 
hard  wear  this  will  be  reduced  to  about  from 
48  to  52  lb.  The  rails  are  so  crushed  in 
Bany  places  as  to  reduce  the  section  to  the 
web  and  bottom  only.  That  such  rails 
Aonld  break  with  engines  of  30  to  35  tons, 
with  12  tons  on  an  axle,  is  certainly  not  sur- 
prising. 

Though  the  engine  plays  a  destructive 
part  in  the  wear  and  tear  of  the  rails,  the 
wagon  stock  is  equally,  if  not  more,  destruc- 
tire.  The  worst  feature  in  this  department 
is  the  inefficiency  of  the  springs  under  the 
wagons.  India-rubber  is  employed  to  a  s^e&t 
extent,  and  thousands  of  wagons  are  provid- 
ed with  nothing  but  small  blocks  of  rubber 
of  snch  insignificant  dimensions  as  virtually 
to  render  the  wagons  without  springs  at  all ; 
snd  in  winter  time,  especially,  when  the 
gronnd  is  frozen  as  hard  as  stone,  and  when 
ue  greatest  amount  of  elasticity  in  the  stock 
is  reaaired,  these  small  blocks  of  rubber  are 
practically  of  no  value,  and  wagons  weighing, 
when  loaded,  from  20  to  25  tons,  are  running 
dead  over  the  frozen  track.  Some  of  the 
wagons,  provided  with  steel  springs,  are  very 
litUe  better.  I  measured  a  number  of  the 
springs  and  found  them  actually  not  to  ex- 
ceed 12  in.  between  the  bearing  points,  and 
fiur  too  stiflf  and  rigid  to  afford  any  relief  to 
the  superincumbent  load.  I  have  seen  a 
nomber  of  anxious  American  letters  on  the 
snbject  of  rails  sent  out  from  this  country, 
both  iron  and  steel ;  but  of  what  extraordi- 
narr  material  must  a  rail  be  made  to  stand 
soeh  punishment  as  I  have  referred  to,  not 
to  mention  other  causes  which  I  will  not  now 
attempt  to  discuss. 

As  a  brief  comparison  of  the  relative 
amounts  of  dead  weight  to  the  load  carried 
would,  perhaps,  be  interesting  to  your 
readers,  I  may  mention  that  the  American 
earriages  generally  carry  about  70  passengers 
The  weight  of  the  carriages,  former- 


ly, was  from  12  to  15  tons,  but  those  recent- 
ly constructed  are  no  less  than  15  to  17 
tons. 

The  "  drawing-room  cars  "  (so  called  from 
a  fear  of  making  any  avowed  distinction  of 
class,  such  as  first,  second,  and  third)  are 
still  heavier,  while  the  weight  of  the  sleep- 
ing cars  are  from  20  to  35  tons.  The 
greatest  difference,  however,  between  the 
practice  of  the  two  countries  lies  in  the  dead 
weight  to  the  paying  load  in  their  goods 
traffic.  The  largest  proportion  of  their 
freight  oars  are  covered  ^ods  wagons,  mea- 
suring from  28  to  30  ft.  long  and  about  8  ft. 
6  in.  wide,  with  a  bogie  at  each  end.  The 
total  weight  of  these  wagons  is  from  9  to  11 
tons,  and  the  load  they  are  required  to  carry 
is  from  9  to  12  tons,  or,  practically,  an  equal 
weight  of  dead  load  to  the  paying  weight 
carried. 

So  miscellaneous  are  the  weights  and  di- 
mensions of  our  English  wagons  that  it  is 
difficult  to  classify  them,  but  taking  a  fair 
average  we  may  safely  assume  that  as  regards 
dead  weight  we  have  an  advantage  of  at 
least  30  per  cent,  in  our  favor. 


FOUKDRY  ECONOMY. 

In  a  late  lecture  on  '*  Applied  Mechanics," 
before  the  Society  of  Arts,  Mr.  John  An- 
derson, C.  E.,  Superintendent  of  Machinery 
to  the  War  Department,  after  familiarly  de- 
scribing the  distinctive  properties  of  cast 
and  wrought  iron  and  steel,  proceeded  to 
speak  of  the  molecular  structure  of  metals. 
All  metals,  he  said,  are  crystalline,  but  the 
crystallization  is  better  observed  in  some  me- 
tals than  in  others.  In  cast  iron,  especially,  it 
is  very  apparent.  The  crystallization  of  cast 
iron  is  governed  by  a  natural  law.  This  law 
was  first  pointed  out,  to  the  best  of  his  belief, 
a  few  years  since,  by  Mr.  Mallet,  and  is  this : 
When  cast  iron  is  m  a  liquid  state — when 
the  molecules  have  sufficient  heat  amongst 
them  to  give  liquidity — the  direction  of  crys- 
tallization is  determined  by  the  lines  into 
space  which  the  heat  takes.  When  this  law 
was  first  started  it  was  received  with  skepti- 
cism, but  ever  since  the  law  had  been  point- 
ed out,  he  (the  lecturer)  had  never  observed 
in  any  piece  of  broken  metal  an  example  to 
the  contrary.  If  we  introduce  into  castings 
irregularity  of  figure,  or  anything  which 
creates  currents  outwards  in  various  direc- 
tions, then  we  get  wrong ;  we  introduce  lines 
of  weakness.  According  to  this  law,  guns 
up  tQ  this  time  have  always  been  oiade  wrong. 
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The  AmericatiB  are  acting  upou  tbia  law  id 
every  thing  they  are  doing,  and  that  gun  of 
theirs  which  some  time  back  eam«  to  this 
country,  almunt  like  a  soda-water  bottle  in 
ebape,  was  construetcd  in  strict  accordance 
with  tbi.H  law,  and^  therefore,  posjsesised  the 
utnioj*t  .strength  attainable  with  the  same 
weight  of  metal.  The  niolccuJar  appearance 
of  east  iron  depends  on  the  rate  at  which  the 
heat  is  hastened  out  of  the  casting. 

Ajs  to  the  goodness  of  cast  iron,  goodness 
for  email  castings  is  not  goodness  for  an 
hydraulic  cylinder ;  goodness  for  an  hydra- 
ulic cylinder  is  not  goodness  for  a  gun. 
Density  is  a  cjuality  good  for  both  the  latter, 
but  we  dt»n't  want  ductility  for  an  hydraulic 
cylinder,  but  for  a  gun  it  is  re*|uired  ;  for 
the  hydraulic  cylinder  we  want  very  great 
denftity.  As  a  rule,  the  hardness  of  cast 
iron  or  cast  steel  depends  upon  three  things: 
1,  on  the  tjuaiitity  of  carbon  which  the  mass 
conlaius ;  2,  on  the  heat  to  which  it  wa^ 
raised  before  carrying  the  heat  out  of  it ; 
and  3,  on  the  rate  at  whtcb  that  heat  is  has- 
tened out  it.  All  these  conditions  go  to  de- 
termine the  character  which  ea^t  iron  or 
cost  steel  assumes.  In  casting  iron  in 
moulds,  where  hardness  is  wanted,  some 
method  is  adojited  so  as  to  carry  the  beat  out 
rapidly,  and  where  softness  is  required,  means 
are  taken  to  allow  the  heat  to  go  out  slowly^ 
and  it  does  not  much  matter  what  the  method 
is  so  long  as  it  is  effeetuah  The  hardness 
of  steel  depends  upon  the  tjuantity  of  car- 
bon which  it  contains,  and  on  the  rate  at 
which  the  heat  has  been  carried  out  of  it. 
After  alluding  at  some  length  to  the  founder*^ 
art,  the  leettirer  proceeded  to  speak  of  the 
casting  of  a  fly-wheel,  ptiinting  out  that  the 
only  thing  which  would  preserve  sueb  a 
canting  intact  whilst  cooling  was  to  t^ke  care 
^  that  every  part  should  cool  at  the  same  rate, 
Tbe  arms,  being  leawt  in  substance,  would 
naturally  cool  ^rst,  but  they  must  be  kept 
hot  by  covering  them  with  fire  or  by  any 
other  convenient  means.  If  we  ret ju ire  a 
particularly  good  casting,  it  must  be  cooled 
slowly. 

Many  of  the  difBeulties  of  the  cftster 
would  be  got  rid  of  if  we  could  prevent  tbe 
formation  of  the  gas  within  the  mould.  The 
Americans  are  very  much  more  careful  in 
thh  respect  than  we  arc,  and  this  U  the  ex- 
planation of  their  cast-iron  guns  standing 
BO  welJ.  Mr,  Babbitt  uses  old  firebricks, 
which  after,  say  ten  years*  service,  have  not 
changed  color  ;  any  firebricks  at  all  discolor- 
ed he  rejects.     He  grinds  these  to  a  powder, 


and  thus  gets  a  perfiactly  piir«  aind  i 

material  tor  his  molds,  usttig  pt{MBck|.d 
best  material  for  the  purpu^e,   lo  mW] 
adhesive.     The   mold  is  Erst  made 
and  this  red-hot  mold  then  receives  tki 
Not  a  particle  of  gaj»   is   genermlrd  bji 
mold.      Another    American     fooiMlcf, 
Hains,  uses  kaolin,  which  W  obt&ift» 
England  (Devonshire),    and    treats  U 
similar  way  to  that   in  which   Mr. 
treats  hi^  powdered  firebricks  and  ptf 
To  show  the   earnestness   of  otir  An 
competitors — and    we   shall   hare    ihcsj 
competitors — they  resort   to  ihe 
of  taking  the  heat  out  of  tl 
way  which  would  be  tea^i  u 
1  They  try  to  establis^h   the      t 
built-up  gun    in    a   c4^t-iri'T>    ^ 
'every  atom  of  the  gun  under  tcrii^uiii,      Vkt 
Knglish,  as  a  people,  mn*t  pay  the  Mot  it* 
tent  ion   to  natural    Iaw8    as   tho   AmoHi^ 
and  the  French  are  doing. 


ELECTRICITY  AS  A  MOTIM:  POWDi 

From  tbe  '*  Amerie^n  Junmal  of  Mf«io|/* 

Some  time  ago  we  touched  lightly  («ii  tkk 
subject  in  an  article  cntttlod  ;  •'Klectnriw 
and  Steam."  We  pointed  on  I  hon  9mtk 
more  expensive  tbe  former  in  than  ihe  hikittt 
for  the  simple  reaaon  that  the  source  of  tk« 
.first  power  is  zinc,  a  product  i»f  art^  aad  d 
'  tbe  latter  coal,  a  product  of  nature.  aUi  (kxt 
if  we  add  to  the  difference  in  pi 
ferenee  in  the  chemical  e<|uivui  ...  ^... 
makes  six  pounds  of  coal  a;*  effeecite  ai  41 
pounds  of  zinc,  we  obtaiti  as  a  rtficiUt  till 
jtinc  will  be  more  tlian  100  timt^  isior«  ci- 
pensive  than  coal.  But  ih^  diffenfiuw  ii 
coal  is  practic4Llly  even  more  than  this.  Fit 
the  oxidation  of  the  zinc  acids  are  txciMt 
also  products  of  art,  and  for  the  osctdati'm  «f 
the  coal  or  carbon  cummon  air,  'I 

n  at  u r e ,  1  i  te  ral  I y  eo s t  Lng  n o th  i  ng  ^  €« 

as  there  i«  no  reason  whatever  lo 
that  electric  engines  are  more  p«trf<if<i 
our  best  8tcam  engines,  with  all  the  tuodeCM 
improvements,  for  the  reason  that  iMir  8ir 
perience  in  manufacturing  electric  eDg 
very  snmll,  and  in  the  fit<uu&  ongiolv 
great,  we  may  confidently  aanert  that  lh« 
continual  running  of  an  elcctrie  cngtnia  Ut 
practical  purposes  would  at  tbo  preadti  iMj 
cost  a  thousand  times  more  tiiao  the  amoiAt 
incurred  by  a  steam  engine,  io  thai  iht 
amount  of  power  obtained  froni  the  fii»t,  a* 
a  cost  of  ten  dollars,  would  bo  obtained  frQtm 
the  l&8t  at  a  cost  of  only  imio 
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NotwithsUoding  this,  we  see  from  time  to 
tive  inveaton — wno,  bj  the  way,  are  often 
«pt  to  forget  what  should  be  the  final  ques- 
tion m  regard  to  all  enterprises  ;  will  it  pay  ? 
.  bating  their  experiments  upon  our  present 
'  Uf^T  expensive  sources  of  electricity,  and 
'  MBtnTiDg  aew  combinations  of  currents  and 
hoping  by  some  scientific  hoous- 
eombinatiOD  to  obtain  a  miraculous 
Some  twenty  years  ago  there  was  a 
luge  electric  engine  mania  among  inventors, 
jui  as  there  is  at  the  present  day  in  regard 
to  iee  and  cooling  machines.  Scarcely  a 
Month  or  even  a  week  passed  that  some  new 
eoBibiiiation  of  electro-magnets  of  peculiar 
a,  was  not  exhibited,  usually  patented,  as 
inventor  supposed  his  combination  to 
;  such  superior  advantages  to  outdo  all 
competitors  in  that  line  ;  often,  however,  the 
peenliarity  insisted  upon  by  the  inventor,  as 
■  great  advantage,  turned  out  to  be  a  defect, 
and  the  machine  would  perhaps  scarcely  go 
at  alL  We  remember  in  this  connection 
■ome  machines  remarkable  for  the  total  want 
of  theoretical  knowledge  shown  by  the  in- 
ventors. One  of  them  had  enormously  elon- 
gated pole  ends  at  the  eflectro-niaguets,  the 
inventor  erroneously  supposing  that  their 
large  surfaces  of  iron  would  exert  great  at- 
traction, and  not  knowing  that  such  elongat- 
ed poles  acted  like  attached  keepers,  absorb- 
ing almost  all  the  attractive  power  developed 
by  the  coils;  however,  the  machine  was 
Blade  on  a  large  scale,  at  the  expense  of 
several  thousand  dollars,  and  when  finished, 
showed  much  less  power  than  the  simple 
machine — in  fact,  it  scarcely  moved  at  all. 
In  order  that  the  uninitiated  reader  may 
tMj  understand  all  this,  and  what  is  to  fol- 
low, it  is  only  necessary  to  state,  that  when 
a  piece  of  soft  iron  is  surrounded  by  a  coil 
of  insulated  copper  wire,  and  an  electric 
eorrent  passed  through  this  wire,  the  iron 
will  become  a  strong  magnet,  and  lose  its 
magnetism  at  once  when  the  current  is  in- 
terrupted. All  that  is  necessary,  therefore, 
to  cause  intermittent  attractions  is  an  inter- 
mittent contact  with  the  electric  battery,  and 
these  attractions  will  cause  to-and-fro  mo- 
tkms,  which  by  means  of  a  crank  may  be 
changed  into  rotary  motion  ;  or  the  inter- 
mittent magnets  may  be  placed  on  the  cir- 
enmference  of  a  wheel,  and  attract  similar 
other  magnets,  or  as  many  pieces  of  iron ;  the 
contacts  with  the  battery  being  made  and 
broken,  by  means  of  some  automatic  arrang- 
nent  worked  by  the  motion  of  the  machine 
itself. 


Numbers  of  such  contrivances  have  been 
made,  and  may  be  seen  in  every  physical 
cabinet;  but  in  fact  they  are  in  a  physical 
point  of  vi6w  mere  illustrations,  of  the  pro- 
perties of  electro-magnets.  When  considered 
in  a  mechanical  point  of  view,  they  are  mere 
toys;  and  in  reality  there  never  was  a  machine 
of  this  kind  yet  constructed,  even  on  a  large 
scale,  which  was  in  reality  more  than  a  toy. 

But  not  only  these  so-called  electro- 
magnets will  attract  one  another,  or  attract 
iron,  but  the  currents  themselves  will  attract 
each  other  when  running  in  the  same  direc- 
tion, and  repel  one  another  when  nmning  in 
opposite  directions. 

This  was  discovered  by  Ampere  in  France, 
some  40  years  ago,  and  has  given  rise  to  a 
new  branch  of  physics,  called  electro-dy- 
namics. It  was  first  applied  to  moving  ma- 
chines by  Mr.  Vergnes,  from  France,  living 
in  New  York  City,  who  had  made  the 
study  of  electricity  a  speciality,  and,  in  the 
ambition  of  his  inventive  genius,  again  over^ 
looking  the  great  ultimate  question  as  to 
coHt,  constructed  the  largest  electric  motive 
engiiio  perhaps  ever  made.  It  was  repeat- 
edly on  exhibition,  and  was  shown  in  the 
Crystal  Palace,  New  York,  at  the  world's 
fair  in  1852.  It  worked  admirably,  and 
with  seemingly  considerable  power,  which, 
however,  never  was  measured.  It  is  a  curious 
fact  that  in  any  machine  of  this  kind  the  in- 
ventors always  oppose  most  strenuously  any 
such  measurement.  The  battery  used  was 
enormous,  many  hundreds  of  cups  and  car- 
boys of  acids  being  in  operation,  so  that  the 
expense  must  have  been  ruinous. 

In  this  machine  Mr.  Vergnes  had  wisely 
combined  the  attraction  of  the  iron  of  the 
electro-magnets,  with  the  attraction  and  re- 
pulsion of  the  currents  themselves,  accord- 
ing to  Ampere's  discovery ;  for  the  reason 
that  the  attraction  of  the  currents,  or  rather 
of  the  wires  conducting  the  currents,  is  com- 
paratively very  weak,  so  that  quite  a  strong 
battery  is  required  to  demonstrate  this  at- 
traction at  all,  while  the  attraction  of  electro- 
magnets will  manifest  itself  most  strikingly 
with  a  battery  of  one-hundredth  part  of  the 
size  of  that  required  to  cause  the  mere  cur- 
rents to  attract  each  other.  This  fact  is 
well  known  to  everv  one  who  has  ever  ex- 
perimented with  voltaic  batteries,  currents, 
etc. 

Taking  all  this  into  consideration,  we  can- 
not disguise  our  great  surprise,  that  the 
newspapers  should  this  week  contain  a  glow- 
ing description  of  a  so-called  newly-invented 
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elcoiro-inotive  engine  of  M,  Griel»  &  French 
nuliiarj  officer,  based  on  the  action  of  cur- 
en  ts  on  currents  ;  asserting  tliat  all  inventors 
thuH  far  had  confined  themselves  to  the  use 
of  elect ro-niagn eta,  and  that  here  for  the 
first  time  the  hiws  of  dpiamical  electricitj 
have  been  brought  into  play. 

Now  the  fact  is,  that  if  not  in  all,  at  least 
in  most  philosiJphical  collect  ions,  there  are 
pieces  of  apparatus,  in  which,  on  a  email 
hcale,  this  principle  is  illustrated,  and 
Vcrgnes,  mentioned  before,  haa»  with  many 
others,  put  thii^  principle  in  practice,  but 
found  that  when  dissearding  the  use  of  elec- 
tro-magnets entirely,  tlie  most  advantageous 
effects  were  lost.  No  doubt  Mr,  Griers 
machiue  would  be  stronger  if  advantage  were 
taken  of  the  powerful  magnetic  action  ac- 
ijuired  by  soft  iron  under  the  inlliienco  of 
electric  currents,  in  place  of  confining  the 
power  to  the  comparatively  weak  attraction 
and  repulsion  produced  on  the  pure  eleetro- 
dynamic  principle. 

The  battery  described  for  driving  this 
machine  is  identical  with  Bunsen'a,  namely 
amalgamated  scino,  diluted  sulphuric  acid, 
porous  cnp8,  strong  nitric  acid  and  coke.  It 
appears  to  be  of  enormous  dimensions^  and 
of  course  correspond ingly  enormous  expense. 

The  most  curious  thing,  however,  is  the 
calculation  of  Mr,  Grid,  by  which  he  at- 
tempts to  prove  that  when  using  i«team  the 
expense  increases  in  direct  ratio  of  the  horse- 
power obtained,  and  that  when  using  his 
machine,  it  will  only  increase  somewhat  as 
the  cube-root  of  the  power  obtained,  as 
shown  in  the  following  table  given  by  him  : 
HoriW3-p(iwer      Kxpeiisc- — 

Electricity, 


ful)  cause  the  electricity  to  wash  fnisi 
wheels  of  the  machine  QpMiti  the  nib, 
prop^L^es  to  ascend  any  grmde  wiib  tW | 
est  facility. 

It  is  now  several  yttars  rinre  M,  If 
of  France,  who,  we  regr^^t  tt»  nny  i» 
deceased,  proposed  tt) 
thing   by    similar    me;i  ,ii 

years  ago  the  same  idea  wa^  agaia  ttnt 
by  an  American  inventor,  who  trl.  1  in 
vent  the  slipping  of  the  driviri_ 
the  rails  by   exactly  this  pLin,   Ui--..^ 
part  of  the   wheel  which   tuuched  tht } 
temporary  elect ro-ma^vt.      It  was  tm  ., 
great  and  prolonged  labor  and  esfK-nve.  I 
given    up    as    totally    impnu^ticablv, 
French   inventor  goes  even  furtlicr,  waH 
pears  to  have  the  intention  of  aUo  4^  ' 
the  cars  forward  by  his  machine. 

It  is  matter  fur  surprise,  that  the  vdtli 
and  reporters  of  our  public  prt^ss,  ntlk 
so  well  informed  in  matters  political,  i 
ons   and  otherwise,   are  so   little  jH)ft«4i 
scientific    matters,     as     continuallj    to 
deceived  by  the  pretentions  ctainut  (4mv 
tors.     True  men  of  science  ton  nftra  m 
with   cold    contempt,   while   charUtsm  ol 
deluded  enthusiasts  are  received  witk  \ 
superstitious  credulity. 


obtained. 

Steal 

2 

. 

la 

«8 

64 

16 

250 

lii5 

2,000 

1,000 

^ 


5 
10 

and  conceding  that  for  two  horse  power  ele- 
tricity  costs  25  times  more  than  st^am,  when 
using  250  horse  power  it  becomes  equal,  and 
for  2,000  horse  power  it  will  be  four  times 
aa  obeap. 

Now,  the  fact  is  that  electricity,  in  the 
way  he  obtains  it,  is  not  only  25  times,  but 
1,000  times  more  expensive  than  steam,  and 
that  the  calculation  of  relative  reduction  of 
expense  for  greater  power  is  entirely  false 
and  erroneous. 

To  crown  all,  he  states  that  he  can  apply 

machine  to  railroads,  and  by  means  of  an 

i*niagnct  of  his  invention  (most  wonder- 


TORPEDOES. 

From  thu  «<  F&tl  Mall  G&ieUe,** 
The  strides  which  have  been  made  will 
the  last  ten  or  fifteen  years  in  the  apptio 
of  science  to  warlike  purposesi  are  ntytik 
more  marked  than  in  the   use  of  elect 
as  a  military  agent.     It  is  applied  ta  ail 
tary  telegraphy,  to  signalling  and   reetrt 
tering  purpioses,  to  the  determinatian  c»f 
ballastic  powers  of  guns,  to  man  v  naraj  i 
such  AS  signalling  and  the  stmnftAn 
charge    of    broadsides ;    to    vaHoo* 
mcnt-al  purposes,  including  th  Tl 

last,  but  not  least,  to  the  ex  • 

and  submarine  mines.     The  hUti^ry 
subject    and    it«    most   recent    phasct^ 
treated  a  few  nights  ago  at  the  Eoyall 
tution  by  the  gentleman  to  whom  j  ' 
others  we  are  indebted    for  the  devela 
of  this  special  branch  of  application  i 
science.     The  interest  of   Professor  Ah 
excellent   lecture  centered,   however,  in  1 
account  of  what  has  been  done  in  tbif  < 
try  towards  the  establishment  of  a  fyin^n  rf"^ 
torpedo  defence.     It  was  the  firfit  aatboriu- 
tive  utterance  on  the  subject  whleh  bai  Jtt 
been  heard,  and  the  immense  imponia^  ^ 
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km  qaestion,  combined  with  the  secrecy  in 
Uek  it  has  thus  far  been  shrouded,  suggest 
fee  desirability  of  taking  advantage  of  the 
Deasion  to  say  a  few  words  about  it. 

Torpedoes  form  the  most  important  class 
F  those  marine  obstructions  which  are  now 
■nermlly  admitted   to  be   indispensable  to 
feetive  coast  and  river  defense.     They  arc 
le    aetive  as  conti*adistinguished  from  the 
■saiTe    obstructions.     The    importance   of 
hvtracting  roadsteads,  rivers,  and  harbors 
-«#  placing,  so  to  speak,  an  outer  belt  or 
brele  of  defenses,  external  to  the  chain  of 
irts,  and  even  where  no  forts  existed — has 
■ig  been  understood.     It  would  be  difficult 
»  assign  a  date  to  the  first  employment  of 
■de    appliances  of  some  sort  for   effecting 
us   object;  even  submarine  mines,  which 
re  a    more  advanced  type  of  defense  than 
ilea    and   artificial  barriers  and  fire  ships, 
ere  nsed  as  far  back  as  the  sixteenth  cen- 
iry,  when  they  were  employed,  in  1583,  by 
be  Doke  of  Parma  at  the  siege  of  Antwerp. 
lie  English  used  them  against  the  French 
bips  off  Rochelle  in  1628,  and  during  the 
mg  lapse  of  years  between  1G28  and  1854, 
be    sabject  was  never  wholly  lost  sight  of. 
Jways    there  were  men  with  contrivances 
lore  or  less  ingenious,  more  or  less  impractic- 
ble,  ready  when  the  opportunity  offered  to 
eTolntionize  with  their  torpedoes  the  art  of 
oaAt  defense.     But  science  was  during  that 
Lme  in  its  infancy.  The  torpedoes  in  occasion- 
1 UAC  prior  to  1854  were  rude  and  imperfect, 
nd    the    development   of  the   subject   was 
ramped   by  the  absence  of  sufficient  know- 
edge  or  study  to  enable  electricity  to  be 
laefallT  employed  as  the  agent  of  ignition. 
rbuB  the  first  torpedoes  were  of  the  mcchan- 
eallj  exploding  class.     All   sorts  of  plans 
vere   devised  and  all  sorts  of  agents  were 
employed — ^percussive,  frictional,  chemical, 
lad  clockwork.     It  is  evident,  however,  that 
naehanical  torpedoes  can  never  be  altogeth- 
er ■attiifactory.     They  are  open  to  one  sa- 
lient objection,  vix,  that  once  in  position  and 
nady  for  action  they  close  the  navigation 
dike  to  friend  and  foe,  and  there  is  always 
i  certain  amount  of  danger  attending  their 
naaipulation.     These   evils  have  been  at- 
tempted to  be  mitigated  by  various  safety 
irraogements,  so-called,  the  application  or 
tbe  removal  of  which,  however,  as  often  as 
•ot  proves  so  dangerous  as  to  furnish  a  for- 
aidahle    objection    to    their   employment. 
Thos,  when  the  Russians  employed,  for  the 
detense  of  Gronstadt,  mechanical  torpedoes 
with  a  safety  arrangement,  which  should 


have  been  removed  at  the  last  moment,  they 
generally,  for   very  good  reasons  of  their 
own,  neglected  to  remove  it,  and  the  torpe- 
does in  consequence  proved  absolutely  in- 
nocuous.    Again,  the  removal  of  the  torpedo 
is  frequently  a  source  of  danger j  and  several 
instances  have  recently  occurred  in  America 
of  loss  of  life  under  these  circumstances. 
Nevertheless,  mechanical  torpedoes  will  pro- 
bably always  possess  a  certain  value,  as  on 
remote  foreign  stations,  where  the  means  of 
defense  have  to  be  extemporized  on  an  emer- 
gency, or  for  what  are  called  "  drifting"  or 
movable  torpedoes.     This  abortive  employ- 
ment of  torpedoes  in  the  Russian  war  of 
1854-5  marks  the  first  systematic  use  of  the 
instrument  in  European  warfare  on  a  large 
scale.     In  1855  electrical  torpedoes  were 
attempted;  and  by  1859   the  Austrian  Go- 
vernment had  succeeded,  with  the  assistance 
of  Baron  von  Ebner,  in  perfecting  a  suffi- 
ciently simple  and  practical  system  of  elec- 
trical torpedo  defense,  which  was  applied, 
although  without  results,  at  Venice.     Until 
lately  the  Austrians  may  be  said  to  have 
headed  the  science,  and  their  exhibition  of 
a  complete  system  of  torpedo  defense  form- 
ed an  interesting  part  of  the  display  at  Paris 
in  1867.     No  really  important  illustration 
of  the  great  value  of  torpedoes  was  furnished 
until  the  late  American  war,  when  these 
agents  were  employed  in  many  forms,  chiefly 
by  the  Confederates,  and  with  remarkable 
results.     No  less  than  twenty-five  vessels  of 
the  Federal  navy  were  destroyed  and  nine 
others  were  injured  by  the  explosion  of  tor- 
pedoes ;  and  thus  an  impetus  was  given  to 
the  subject,  similar  to  that  which  breech- 
loading  derived   from   the  Bohemian  cam- 
paign of  1866.     If  any  one  wishes  to  study 
the  detailed  application  of  torpedoes  during 
the  American  war,  he  can  hardly  do  better 
than   consult    Yon   Scheliha's    Treatise  on 
Coast  Defense^  where  also  he  will  find  the 
following  important  deductions  from  the  ex- 
perience obtained  during  this  contest :  "  No 
forts  now  built  can  keep  out  a  large  fleet  un- 
less the  channel  is  obstructed.*'    ''No  fleet 
can  force  a  passage  if  kept  under  fire  by  ob- 
structions.''   '*  //I  710  single  instance  did  a 
naval  attack  succeed  when  the  channel  had 
been  obstructed^  and  in  no  single  instance  did 
it  fail  when  the  channel  had  remained  open,^^ 
The  attention  of  our  Government  was  di- 
rected to  the  subject  towards  the  close  of 
1863,  when  a  committee  was  appointed,  at 
the  suggestion  of  Colonel  Jervois,  R.£.,  for 
the  thorough  practical  investigation  of  the 
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ioes  may  be  gunpowder,  nitro-glyoerine,  | 
n-cotton.     Of  these,  gun-ootton  la  on  I 

aooounts  preferred ;  and  since  the  re-  i 
dinooveries  as  to  the  susceptibility  of  | 
otton  to  explosion  by  concussive  effect,  j 
he  great  resulting  increa^ie  of  power,  its  | 
il  advantages  have  become  more  decid- 

There  stUl  remain  a  vast  number  of 
I,  such  as  the  nature  of  case  or  enve- 
to  be  employed;  its  thickness;  the 
i  to  which  the  torpedo  should  be  sunk ; 
KMUtions  in  which  it  should  be  fixed ; 
roximity  of  one  torpedo  to  another  ;  the 
iae«  form,  &c.  The  bare  enumeration 
lese  points  will  suffice  to  indicate  that 
abject  b  one  which  admits  of  an  im- 
B  deal  of  working  out,  and  will,  perhaps, 
at  for  the  length  of  time  occupied  in  its 
tigation. 

to  the  practical  value  of  torpedoes  we 
Ivnished  some  illustrations.  But,  in 
»  it  is  unnecessary  to  multiply  illustra- 

for  the  value  of  those  instruments  may 
It  be  regarded  as  self-evident.  There 
ro  points  in  every  ship  absolutely  un- 
ited— the  deck  and  the  bottom.  Of 
the  torpedo  attacks  one — the  bottom, 
it  18  a  question  if  any  ship  can  ever  be 

BO  strong  as  to  resist  the  effect  of  a 
"fiil  submarine  mine  exploding  directly 
'  it.  The  use  of  torpedoes  is  not  limited 
rring  as  auxiliaries  to  forts,  or  as  a 
I  of  keeping  vessels  under  the  fire  of 
ries.  They  are  useful  also  on  their 
leoount,  as  a  means  of  defending  posi- 

independently  on  a  coast  or  in  small 
lels  and  rivers   which  are  quite  unpro- 

with  defensive  works.  Their  invisi- 
fonns  another  element  of  their  im- 
Doe,  to  which  we  may  add  their  com- 
ivelj  small  cost  and  ready  applicability 
Bost  all  positions.  But  it  is  necessary 
ard  against  the  impression  that  torpe- 
are   destined  to   supersede  other   and 

old   established  means  of  defense,  as 

aod  forts  and  guns.  Invaluable  as 
iariesy  and  even  as  independent  means 
fenae,  their  value  is  limited  by  two 
lerations.  In  the  first  place,  the  sphere 
tion  of  a  torpedo  is  small ;  as  compared 
that  of  a  fort  or  ship,  exceedingly  small ; 
o  attacking  vessel  is  safe  as  long  as  it 
ives  or  chances  to  keep  outside  that 
of  destructive  effect.  In  the  second 
,  no  torpedo  can  act  more  than  once, 
rhon  it  has  exploded,  the  area  of  water 

it  guarded  becomes  defenseless.     But 
\  limitations,  their  value  can  hardly 


be  over-estimated ;  and  it  is  satisfiEMstory  to 
know  that  the  subject  has  been  thoroughly 
and  practically  considered,  and  that  we 
possess  on  paper  at  any  rate  a  scheme  for 
their  use  so  complete  as  to  relieve  us  from  all 
anxiety  on  this  score.  It  would,  however,, 
be  more  satisfactory  still  to  know  something 
definite  as  to  the  recommendations  of  the 
committee,  and  we  hope  that  some  member 
will  think  proper  to  ask  in  the  House  for 
such  portions  of  the  report  as  can  be  dis» 
erectly  made  public. 


THE  STABIUn  OF  FLOATING  DOCKS. 

From  A  paper  on  the  Iron  Floating  Dook  of  Cariha- 
gena,  iU  proportions  and  relatire  stability,  read 
by  OsoBOK  B.  Bbviiib,  M.I.C.E.,  before  the  Initi- 
tution  of  Naval  Architeota. 

The  form  of  this  dock  may  be  briefly  de« 
scribed  as  an  oblong  rectangular  box  or 
trough,  without  a  top  or  ends,  the  walls  and 
bottoms  of  which  are  hollow^  and  divided 
into  several  independent  chambers.  The 
vessel  to  be  docked  is  placed  between  the 
side  walls,  and  is  raised  completely  out  of 
the  water  by  the  buoyancy  of  the  bottom  of 
the  dock.  The  side  walls  act  as  floats  to 
prevent  the  dock  sinking  too  rapidly,  and 
eventually  from  being  entirely  submerged. 

The  operation  is  performed  in  this  way, 
water  is  allowed  to  flow  into  the  different 
compartments  forming  the  base,  by  means 
of  sluices,  and  distributing  pipes ;  the  dook 
then  gradually  sinks,  until  the  buoyancy  of 
the  chambers,  forming  the  side  walls,  be- 
comes equal  to  the  weight  of  the  entire 
structure ;  that  is,  when  it  is  desired  to  sink 
the  dock  to  its  greatest  depth  for  the  pur- 
pose of  taking  in  the  deepest  draught  ship 
the  dock  ia  intended  for,  for  vessels  of  less 
draught  it  is  only  allowed  to  sink  to  a  depth 
sufficient  for  the  particular  vessel.  The 
vessel  is  then  hauled  in  between  the  walls, 
and  the  engines  and  pumps  of  the  dook  set 
to  work  to  discharge  the  water  from  the 
bottom  or  base ;  when  empty,  it  is  capable 
of  sustaining  a  weight  of  ship  (less  the 
weight  of  the  dock),  equal  to  the  total  dis- 
placement of  the  bottom  or  base.  The 
vessel  is  shored  up  in  the  usual  manner 
adopted  in  the  ordinary  graving  dock. 

The  dock  is  entirely  of  iron,  with  the 
exception  of  the  decks,  shoring  steps  or 
altars  and  fenders,  which  are  of  timber.  It 
is  strengthened  both  longitudinally  and 
transversely  by  bulkheads,  which  form  the 
diviaions  of  the  chambers,  as  well  as  by  in- 
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termediate  lattice  fmrnrngf  wliicli  give  tbe 
structure  great  gtiffnesa. 

The  dock  for  Canhagena  was  cominenced 
in  1859,  sent  out  in  pieces  from  Eiiglaud, 
and  erected  at  Carthagena  in  a  shallow  basin 
prepared  for  the  purpose,  and  when  com- 
pleted water  was  let  into  the  basin  and  the 
doclt  floated  oat.  When  firai  floated,  it  was 
found  to  have  an  uniform  draught  of  water 
of  4  ft.  7  in.;  this  gives  a  total  displace- 
ment  of  4,400  tons  of  sea  water,  which  is 
equal  to  the  weight  of  the  dock  complete. 

Some  of  the  largest  vessels  which  it  has 
raised  arc  the  frigate  Prinecssa  de  Austu- 
rias,  of  3,810  tons,  and  21  ft,  draught  of 
water,  the  frigate  Villa  de  Madrid,  of  27 
ft.  6  in.  draught^  weight  unknown,  the  iron- 
clad Sarragoza,  of  4,972  tons»  and  25  feet 
draught,  and  the  ironclad  ship  Numancia, 
of  5, GOO  tons  weight,  and  24  ft,  1  inch 
draught,  thib)  latter  vessel  remained  sup* 
ported  for  eighty  days»  without  canaing  any 
damage  to  or  undue  straining  of  the  dock. 
The  weight  of  this  ship  was  further  tested 
by  the  depth  of  flotation  of  the  dock  as 
observed  with  the  ship  on  it ;  this  was  as- 
certained to  be  11  ft,  3  in.,  giving  a  total 
displacement  of  10,800  tons  of  sea  water; 
but  on  examinatiofi  of  the  different  cham- 
bers it  was  found  that  there  was  ahout  7  J 
in,  depth  of  water  in  the  lower  ones  and  7|^ 
in*  In  the  middle  ones,  erjuivalent  to  800 
tons  weight ;  this  added  to  the  weight  of 
the  docks,  4,400  tons,  gives  5»200  tons, 
leaving  5,600  tons  as  the  weight  of  the  ship. 
The  dimensions  of  the  Numancia,  the  largest 
of  the  above  named  voKsel^,  are  as  follows : 
length  (perpendicular),  31ti  ft  ;  extreme 
breadth,  .57  ft.;  displacement  at  load  draught, 
7,420  tons. 

The  dimensions  of  the  dock  are  as  follows; 
length,  320  ft.;  breadth  outside,  105  ft.; 
ditto  inside,  79  ft.;  height  outside,  48  ft.; 
ditto  inside,  36  ft.  t»  in. 

If  the  few  inches  of  water  remaining  in 
the  base  and  middle  chambers  were  entirely 
removed,  the  draught  of  water  of  the  Car- 
thagena  Dock,  with  such  a  vessel  as  the 
Numancia,  of  6»000  tons  weight,  would  be 
10  ft.  6  in. 

The  main  proportions  of  the  doek  are  as 
follows ;  the  length  is  between  3  and  3i 
times  the  breadth.  The  width  between  the 
walla  at  the  top  is  j  of  the  breadth.  The 
floor  of  the  dock  is  J  the  breadth.  The 
keight  of  the  side  walls  is  somewhat  under 
i  the  breadth.  The  depth  of  immersion 
l-lOth  of  the  breadth.     These  proportions 


are  suitable  for  almost  adl  sixes  «C 
docks  of  the  rectangular  form*     Tkitt, 
posing  &  dock  to  be  made  capable  ol 

and  sustaining  a  vet^sel  like  the  Arbll! 
say  10,000  tons  weight,  the  breadtk 
be  120  ft.,  the  length  400  ft.,  the 

side  90  ft.,  the  ''  floor"  GO  ft.  in  irn 
the  immersion  12  ft. ;  tot^L  dtspl 
16,457  tons. 

In  ealculatlng  the  height  of  ih# 
ter,  or  the  greatest  height  the  wifi 
be  raised  above  the  center  of  dbpl 
of  the  immersed  body  at  an  angle  vt 
nation,  say  of   10  deg.;  and  taking  ikt 

;  tance  between  the  cent*?r8  of  gravity  il 

I  immersed  and  emersed   portioua  dut 
inclination  at   two- thirds  the  total  bi 
and  multiplying  by  the  portion 
and  dividing  by  the  total  volume 

I  into  the  siue  of  the  angle  of  luclii 
will  give  90.75  ft.  for  the  distance  ol 
center   from    the  center   of  gi 
volume  immersed,  or  85.5  ft.    . 
of  flotation  for  the  Cart  ha 
as  the  center  of  gravity  ot 
ture  and  ship  is  calculated  %o 
above   the  line  of  flotation,  aJ. 
ship  of  20  ft.  6  in.  draught  of  water  m  kitd 
blocks  4  feet  in  height. 

In  the  dock  proposed,  the  metaoeoWtil 
101.5  ft.  above  the  center  of  grafity  <d^ 
placement,  or  95.5  ft,  above  the  line  uf  ib* 
tat  ion,  and  the  centre  of  gravity  of  ihird^k 
with  the  Achilles,  in  calculated  to  be  ooly 
19  ft.  3  in,  above  the  line  of  flotattuii. 

In  calculating  the  amount  of  statical  U^ 
bility  of  the  dock  at  Carthagena  wilkm 
immersion  due  to  the  weight  of  euch  a  vemtl 
as  the  Numancia,  of  5,G(JU  tons,  it  it  ^poi 
that  supposing  the  inclination  to  be  llJdi?^., 
that  the  moment  of  stability  will  W  3l^ 
when  reduced  to  feet  and  tons  per  fool  il 
length  of  the  dock,  or  a  loul  of  ll!?,0^» 
tons  for  320  ft.;  and  the  dock  pronoK^ 
would  have  a  moment  of  atability  of  iM2 
when  reduced  to  feet  and  tons  prr  §^  ii 
length,  or  a  total  of  219,680  toiit  hf 
400  ft.  This  is  nearly  aa  the  eab«  wt  iM 
breadth,  and  directly  as  tha  leli|^th. 

Comparing  thb  latter  with  a  doek  ff  i 
U-shaped  section,  with  water  ballifti  Kki 
that  actually  made  for  Bermuda,  aa  cak«* 
la  ted  from  a  lithographic  draiiiiig*  fmnf 
the  particulars  of  this  dock,  it  ie  foisftd  (bit 
the  moment  of  stability  equals  660  fseMnv 
per  foot  in  length,  or  for  the  length  of  S88 ft., 
a  total  of  219 J8U  ft,-tona,  orabom  tibewvi 
as  the  oue  proposed,  of  a  reoUngular  fos^ 


VAN  NOSTRAND*S  ENGINEERING  MAGAZINE. 


637 


irther  comparison  of  the  dimeDsions, 
^  of  skip  to  be  docked,  height  of  meta- 
of  these  two  forms  of  docks,  may  not 
Jkout  interest: 


U->l>*P^  ReotangaUr 
Seotion.        Seotion. 


bte  length  of  doek  } 
be  largest  ship. ...  $ 
le  onttide  breadth 
le  inside  breadth.. 

bof  "floor" 

It  of   water   with 

left  ship 

r  immened  seetion 


333  ft. 

123  ft.  9  in. 
86  ft. 
50  ft. 

40  ft. 

4,000  sq.  ft. 


400  ft. 

120  ft. 
90  ft. 
60  ft. 

12  ft. 
1,440  tons. 


bi.:?i2Sig1o.*ki§  i  '.""o  *<-•  "'•»•  »<"" 

t  of  doek 8,850  tons.    6,475  tons. 

of    displaeement  {        .q  «.. 
w  lino  of  flotation.  ] 
M    of  metaoenteri 

oenter    of    dis-  >  88  ft.  6  in. 

MB«nt ) 

•e    of    eenter    of^ 

lly  from  eenter  of  >        5  ft. 

laeement ) 

of  grarity  abore  or  )  13  ft.  3  in. 
w  line  of  flotation.  ( 
It  of  stability  peri| 
in  length  of  doek . . 

I  2i9,780toni.  219,680  tons. 


W  whole  length  of 


below. 
660  tons. 


Oft. 
101  ft.  6  in. 

25.3  ft. 
19  ft.  above. 

549.2  tons. 


V 


50  ft. 


45  ft. 


lit  of  water  to  take 
fhip  of  26  feet 
(ki  with  keel  bioeks 
tin  length 

>m  the  above  comparison,  it  will  be 
that  a  dock  of  rectangular  form  of  the 
proportion  as  that  of  Carthagena,  will 
the  same  total  stability  as  the  U  ^^i"™ 
3k,  require  about  one-fifth  less  material 
s  construction,  and  be  capable  of  sup- 
ig  a  longer  ship  of  one-quarter  greater 
it,  and  with  less  draught  of  water, 
over,  the  arrangements  for  docking  are 
complicated ;  for  when  the  ship  is  once 
le  keel  blocks,  pumping  is  the  only 
.tion  to  be  performed,  as  there  are 
er   gates  nor  caissons  to  close  in  the 

represent  the  relative  stability  of  dif- 
t  forms  of  section  in  a  clear  and  sim- 
lanner  (although  not  so  accurately  as 
be  found  geometrically  or  mathemati- 
),  the  following  table  is  compiled  from 
riments  on  different  sections  made  of 
oopper,  to  a  scale  of  10  ft.  to  the  inch. 
models  were  all  9  in.  long ;  the  leverage 
aken  at  8  in.  from  the  central  line  of 
nodel. 

.6  lead  weights  representing  the  ship 
cylindrical,  and  supported  on  their  axis, 
iiatance  representing  the  height  of  the 
r  of  gravity  of  the  ship,  above  the  floor 
)  dock  of  27  ft.  6  in. 


In  the  table,  A  and  B  represent  sections 
of  docks,  of  the  form  proposed  and  that 
actually  executed.  It  will  be  seen  on  com- 
paring the  inclbation  of  these  two  forms 
with  the  same  weight  and  leverage,  that  B, 
the  IJ  shape,  gives  greater  stability  per  unit 
of  length  than  A  the  i  i  shape,  but  as  the 
model  y  was  made  by  mistake  to  represent 
127  ft.  6  in.  in  breadth  instead  of  123  ft.  9 
in.,  the  relative  stability  as  shown  by  the 
angle  of  inclination  is  somewhat  greater  than 
calculation  indicates. 

The  model  C  shows  how  the  stability  of 
the  same  form  of  section  mav  be  increased, 
by  the  addition  of  water  ballast  at  the  bot- 
tom. 

The  model  D,  segmental  form,  may,  with 
the  addition  of  water  ballast,  have  nearly  a 
stability  equivalent  to  the  form  A. 

The  model  E  represents  the  Carthagena 
dock,  with  its  angles  of  inclination,  and 
with  the  same  weight  and  leverage  as  the 
other  models. 

Although  it  may  be  seen  from  this  that 
other  forms  may  have  a  stability  equivalent 
to  that  of  the  rectangular  or  flat  form,  it  can 
only  be  done  by  the  addition  of  a  consider- 
able amount  of  water  ballast,  which  so  in- 
creases the  draught  of  the  dock  as  to  neces- 
sitate the  ends  being  closed  in. 

The  Carthagena  dock,  as  before  mention- 
ed, was  sent  out  from  this  country  in  pieces, 
and  erected  in  a  shallow  basin  made  for  that 
purpose,  at  Carthagena ;  this  on  the  whole 
(when  practicable)  seems  the  most  safe  and 
simple  plan,  and  the  basin  is  moreover  avail- 
able when  required  for  taking  in  the  floating 
dock  for  the  purpose  of  cleaning,  painting, 
or  repairing. 

Wooden  floating  docks  of  somewhat  similar 
section  to  that  of  Carthagena  have  been 
towed  to  their  place  of  destination,  as  was 
the  Pola  dock,  from  Venice,  the  Havanna 
dock,  from  New  Orleans,  and  more  recently, 
that  of  Alexandria,  from  the  south  of 
France,  but  the  square  ends  of  this  form  are 
no  doubt  ill  adapted  for  being  towed  through 
the  water. 

In  order  to  meet  this  difficulty,  when  it 
was  contemplated  to  tow  a  dock  across  the 
Atlantic,  a  modified  arrangement  of  the 
rectangular  form  was  proposed  by  Messrs. 
Rennie,  better  adapted  for  being  towed 
through  the  water.  The  side  walls  were  to 
be  reduced  to  about  two-thirds  of  the  length 
of  the  floor  of  the  dock,  the  rectangular  ends 
of  the  floor  to  have  been  rounded  off  so  as 
to  form  pointed  ends,  upon  which  temporary 
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sides  were  to  be  raised  to  the  required 
height,  in  order  that  the  dock  might  be 
decked  over  from  end  to  end;  this  deck, 
together  with  the  temporary  sides,  would 
have  to  be  removed  on  arrival  at  its  desti- 
nation. 

Considering  the  length  of  the  voyage,  it 
was  thought  that  the  empty  space  below  the 
deck  might  be  available  for  the  stowage  of 
coals  and  other  stores  to  supply  (during  the 
voyage,  the  steamers  employed  to  tow  the 
dock  out.  This  form  of  dock  would  not 
have  required  a  basin  as  at  Carthagena,  and 
the  nece8sary  repairs  could  have  been 
effected  by  means  of  a  rectangular  iron  box 
lowered  under  the  dock,  and  placed  against 
the  defective  part,  and  the  water  pumped 
out  from  within  it.  The  joints  between  the 
box  and  the  bottom  of  the  dock  being  pre- 
viously made  water-tight  by  means  of  an 


elastic  substance,  or  the  water  kepiMtIf  ] 
a  pressure  of  air,  which,  in  thia  oaie,  mA 
not  have  exceeded  3   lb.  per  squaie  iidu 

In  conclusion,  it  is  considered  that  hut^ 
ing  docks  of  the  form  and  proporUoMtt 
that  of  Carthagena  will  have  ample  8tibflit| 
for  the  heaviest  ship  to  be  docked. 

That  it  is  of  the  simplest  constraetiaa. 

That  the  smallest  amount  of  material  ftr 
a  given  strength  and  stiffneaa  will  be 
its  construction. 

That  the  cost  will  be  leaa  than  for 
forms  of  section. 

That  the  simplest  docking  arrao]^ 
and  safety  of  the  dock  are  best  atlauied  If 
that  form. 

And  lastly,  that  by  the  modification 
gested   in   the   paper,  they  may  he 
with  comparative  safety  to  any  part  of  tht 
world. 


^  Table  of  Experiments  on  the  Stability  of  different    Sections  qf  floating  Doeks,  mak  m 
Copper  Models,    Scale  of  10  fl,  =  I  in. 


Form  aw  Sect  ion. 

a 

•Si 

if 

ii' 

•a* 
1- 

id 

11 
1^ 

s 

\i 

I.S-.S 

m 

B«gt««  of  InelinatloB  w1lh««%ll|, 
m%  m  Imtmwmg*  of  S  !■» 

loi. 

lat. 

4i«. 

Bii. 

A^ J 

iei 

4    .    ». 

3rl 

n.  In. 

ft.  In. 

deg.m.    ; 

Q  &1 
1   10 

d€ff.m. 

1  39 
3  11 

2  35 

'T1 

3  57 

4  35 

( 

B  U - 

With  mter  bmllast ...» « 

'ii' 

.  4   *. 

si 

■  «•■ 
1:1 
6iB 



«'"e 

0  31 
0  U 

0  31 

1  13 
0  ££ 

3  41 

3  M 

3    4 

Ill 

km 

4M 

C  , 1 * 

Wlthuut  wat«F  buLlut 

W  ithout  waUr  bfti Jftit 

With  watorbaUMt..**,.  ».•-.. 
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THE  CENTR.a  RAIL  SYSTEM 

tCT  OF  RBMAEKS  BEFORE  THE  SOCI* 
OP  rEXNCH  CIVIL  SNGINEEES. 

I  tha  <*  CooipU  B«nda  dva  Seuioei.*'    Tr&tulmted 
trvm  **  i^nnAlei  da  06iii«  ChtL" 

For  tome  years  the  development  of  rail- 
has  graduallj  given  rise  to  a  new  pro- 
for  engiaeera,  rk  i  the  constructjon  af 
,es  capable  of  OTercoming  heavy  grades 
I  involviEig  an  J  considerable  change 
tile  i^resent  sys terns  of  exploitation.  At 
inclined  planes  were  need,  up  whteh 
trmlita  were  drawn  hj  cables;  then  the 
^  '  enginea,  and  engines  conBtructed 
the  Northern  railway,  Sc. ;  latterly,  the 
fisijcnlAr  system  of  M.  Agudio,  and  finally, 
llie  Fell  engine p  working  npon  a  central  rail, 
proposed  by  Baron  Seguicr,  A  similar 
le  was  diecuflsed  by  M.  de  Landsee,  be- 
the  Society  of  Civil  Engineers  at  tbeir 
seuion  in  November,  He  remurkod 
the  experiment  of  crossing  Mont  Ceni:^ 
lid  been  favorable  to  the  central  rail^  which 
ptmitted  the  ascent  of  grades  hitherto  nn- 
wed  in  Tailways,  The  engines,  through  the 
•appJementary  adhesion  obtained  by  means 
if  a  group  of  horiiontal  wheels  upon  a  me- 
iama  rail,  have  a  tractive  force  equal  to  at 
Ittit  twice  the  weight  of  the  engine.  He 
Im  laid  down  the  principle,  in  the  plan 
viieh  he  has  developed,  that  the  engine  for 
ibe  etntral  rail  should  be  able  to  operate 
■MQ  an  ordinary  road  at  certain  points, 
Thia  condition  seemed  necessary  to  him  in 
mdv  that  ita  work  may  be  done  easily  and 
ccRiTeniently*  He  accordingly  supposes  the 
Bedian  rail  to  be  absent  at  switches,  on 
%ridget  and  at  all  parts  of  the  road  where 
the  ^ade  is  easy  enough  to  dispense  with 
II  The  locomotives  should  be  adapted  to 
ueend  grades  of  70  millimeterg  per  meter 
(S69.6  feet  per  mile),  with  curves  of  50  to 
60  meteri  radius^  The  type  of  engine  which 
aeemed  to  him  best  suited  to  the  c&se  was 

The  pro- 
without 
or  30 
tons),  ea4:h  axle  suataimng  18,400  kilog — a 
BKMlerate  load  for  steel  rails.  According  to 
the  tables  of  M.  Yuillemin,  this  engine,  on 
a  horisontal  track,  could  draw  400  tons,  but 
IB  A  monntatDOUs  country  such  a  load  would 
be  ezoessive,  the  maximum  being  180  tons, 
nd  M.  de  Landste  has  calculated  that  for 
trains  of  125  and  85  tons,  this  engine  can 
taeend  grades  with  the  following  velocities. 


seemed  to  mm  oesi  suiieo  lo  ine  esse 
tlial  having  four  coupled  wheels.  The 
posed  enji^me  weighs  25,000  kilog.  wit 
W,  and  26,000  kitog.  loaded   (28  c 
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M.  de  Lands^  shows,  that  for  engines 
weighing  20  tons  loaded,  and  17.5  tons  light, 
on  a  road  1.10  m*  guage^  a  median  rail  wilt 
be  necessary  for  a  train  of  60  tons  when  the 
grade  exceeds  137.B  feet  per  mile ;  with  a 
supplementary  adhesion  equal  to  the  weight 
of  the  engine,  grades  of  322  ft.  per  mile  are 
admissible  ;  and  reducing  speed  to  6.2  miles 
per  hour,  the  inclination,  with  a  maximum 
adhesion,  may  be  369-6  ft.  per  mile.  With 
engines  weighing  but  10  tons,  under  the 
foregoing  conditions,  the  weight  of  the  train 
may  still  be  80  tons  on  a  grade  of  369.6  ft, 
per  mile.  Since  it  results,  from  the  experi- 
ments of  M.  Forquenot,  that  the  evaporat- 
ing power  of  engines  depends  upon  the  ra^ 
pidity  of  exhausts,  and  therefore  upon  the 
speed  of  the  train,  M.  de  Landsee  suggests 
the  use  of  four  cylinders,  two  to  drive  the 
vertical,  and  two  the  horizontal  wheels ; 
thus  attaining  S.8B4  exhausts  per  second  for 
an  engine  moving  12.4  miles  per  hour,  with 
with  whecU  of  .80  m.  (2  ft.  S  in).  In  such 
a  case,  tbe  boiler,  in  the  accent  of  a  grade 
of  369.6  ft.  per  mile,  will  have  but  87  sq- 
meters  of  heating  surface  at  a  pressure  ot 
10  klloe.  per  sq.  cent,  with  a  back  pressure 
of  1.50k  ilog .  per  sq  .cent.  T  he  two  pai  r  s  of 
cylinders  being  independent  of  each  other, 
the  engine  can  be  run  without  utiiug  the  hor- 
iiontal  wheels.  The  coupling  of  the  exte- 
rior and  interior  wheels  is  effected  by  the 
steam ;  for  this  purpose  tbe  movement  of 
the  valves  is  taken  from  the  rear  wheel  snd 
transmitted  to  the  valves  by  means  of  two 
distinct  levers.  A  relieving  axle  is  common 
to  the  two  pairs  of  cylinders.  The  admission 
of  steam  to  each  pair  is  controlled  by  a  spe- 
cial regulator,  allowing  the  starting  or  stop- 
ping of  the  horizontal  wheels  while  the  ver- 
tical ones  are  in  full  motion.  The  grip  of 
the  horiiontal  wheels  is  given  by  means  of 
a  lever  at  the  command  of  the  engineer,  and 
a  guage  is  provided  which  shows  the  amount 
of  grip.  The  coupling  is  effected  by  means 
of  two  small  bevel  gears.     The  real  object 
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of  the  couplmg  ia  not  so  much  to  transmit  a 
great  effort,  as  to  ensure  uiiiforni  uiotion  and 
the  passing  of  ccDterR^ — ^eueh  puir  of  wheels 
being  controUed  by  one  cylinder.  Owiug 
to  the  practicability  of  dispensing  with  the 
fiupplementarj  adheition,  thia  engine  maybe 
elasBified  with  other  typet*  in  use,  and  can 
travel  on  any  road  in  actual  operation. 

In  answer  to  some  remarks  on  the  sub- 
ject, M.  de  Lauds6e  observed,  that  a  single 
diBtribution  was  employed  merely  for  the 
purpose  of  simplifying  the  mechanism,  but 
that  nothing  would  prevent  the  use  of  sepa- 
arate  distributions  tor  each  pair  of  cylinders. 


PASSENGER  STEAMSHIP& 

From   **  EngJDeeritig»'* 

The  gradual  growth  of  science  and  experi- 
ence has  been  attended  with  the  most  strik- 
ing changes  in  the  material ,  size,  form, 
structure,  machinery  and  wt>rking  results  of 
ocean  passenger  ^^iteiimtihiphi.  Where  we  had 
timber-bnilt  ships,  uU,  or  nearly  all,  are  now 
built  of  irt:»D ;  where  the  touimge  was  once 
1,0UU  tons,  or  so»  it  is  now  three  times  as 
much,  or  even  more*  Where  the  lines  were 
once  full,  and  the  beiim  wide  in  proportion 
to  the  lengthy  we  now  see  sharp,  fine,  fore- 
and-aft  bodies,  and  lengths  of  from  eight  to 
ten,  and  even  eleven  times  the  beam.  The 
hulls,  even  when  referring  to  iron  ships  only, 
have  been  greatly  changed  in  structure ; 
where  only  paddle  engines  were  employed, 
Bcrew  engines  are  now  almost  uuiversal ;  and 
where  we  once  had  but  ten  knots,  we  now 
haye  fourteen,  with  the  same,  if  not  an  even 
less,  consumptitm  of  fuel,  although  the  dif- 
ference in  propelling  work  done  representg 
a  diflfcrcnce  even  greater  than  that  between 
the  cubes  of  these  speeds,  or  that  between 
1,000  and  2,744. 

It  may  be  questioned  whether  naval  art 
hasnotadvsincedniore  rapodly  than  any  other 
branch  of  strnctural  and  mechanical  science, 
and  even  admitting  that  it  has,  there  still 
appears  to  be  a  wide  field  for  its  further  pro- 
gress. There  are  many  reasons  why  passen- 
ger steamships  should  undergo  further 
changes  as  radical  as  those  so  well  known  to 
be  going  on  in  the  navy^  and  it  may  happen, 
and  that  at  no  distant  time,  that  masts,  spars 
and  sails  will  be  dispensed  with  altogether, 
hn  indeed,  for  very  fast  steaming,  they  must 
l>e,  inasmuch  as,  at  high  speeds,  the  poiut  is 
moon  reached  where  sails,  instead  of  aiding, 
only  retard  the  progress  of  a  ship. 

Apart  fruoi  4|Ue8tions  of  malting  and  rig- 
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ging,  it  19  Ckossible  also  tiuU  a  mit 

may  take  place  in  the  size  and  form  «»f 

senger  steamships.  For  the  same 

longer,  wider  and    ehallowcr  thi|i9 

sirable.     £t  is  not  depth,  or  great 

of  water,  that  is  wanted  in  paa^en^ 

but  deck  room,  and,  general fv  ..f^f.n-,r 

light.    These  are  the  great  r 

passenger  traffic.     For  c*' 

parison  merely,  we  may  b- 

of  rectangular  form  ;  in    oitu  r  » 

shall  be  rectangular  boxes.      Each 

a  length  equal  to  eight  times  the  bfaT 

one  be  320  ft.  long,  40  ft.  beam,  aadi 

20  ft.  of  water,  thus  di«5p1 

and  presenting  27,200  Hp» 

side  and  end  surface,  or  - 

The  area  of  immersed  inid- 

be  800  square  feet. 

Another  ship,  having  the 
ment,  might  be  made  403  ft, 
wide,  and  12.<i  ft,  deep.     Its 
der  water  surface,  would  be 
In  eittent,  but  its  midship  e»eGtiuEi  w 
only  6«^;i  square    feet  iti  extent,     lu 
area  would  be  20,4^20  sqn  '  ur 

half  an  acre,  as  against  1 .  ^  ^rt 

on  the  other  and  deeper  veae»el.     This 
parison  refers,  for  convenience  only, 
t angular  boxes,  but  in  both  cases  tha 
are  eight  beams  in  length,  and  the 
portions  of  deck  area,  frictional  surfai^l 
midship  section  would  hold  good  whea 
boxes  were  hewed  to  the  forms  of  fa^t 
ing  ocean  ships.     In  plan,  the  ''   ' 
ing  only  in  scale,  would  be  idi  j 
the  difference  being  only  in  ti.  : 

section.  The  longer  and  wid*  s  ^i  i:  r  «k 
have  a  greater  superfichil  extent  of  lull  aid 
deck,  and,  consequently,  a  heavier  hail*btf% 
possibly,  she  might  have  one  deck  Icii  lltfi 
the  shorter,  narrower  and  dccppr  ^Ijtf.  Tli 
longer  ship  would  also,  p*  ad- 

ditional   stiffening    to   coji  ^  i<* 

shallowness,  not  so  much  with  retercn«  !• 
her  riding  the  waves,  but  for  her  Mreofiik  ia 
the  event  of  taking  the  ground  or  gubg  «p« 
a  rock.  She  would,  in  .h!m  ■  i—  He  doA 
the  roomer  and  easier  pan 
is  a  question  whether  she 
less  power  to  drive  her. 
this  question  appear  to  he 

It  has  been  the  fashiuu 
architects   of    late    years 
greater  portion  of  the  re»dslanee» 
driven  through  the  water  to  bkin 
Yet  our  two  imaginary  rectangular 
moving  at  14  kuott»  an  hour«  or  2^.6 


The  clciaeDL!  •f 

^agt«^ 

tu    atl 


VAN  N08TRAND»S  ENGINEERING  MAGAZINE. 


641 


id  (mud  as  for  this  matter  thej  need  only 
a  rectangular  midship  section),  displace 
ictivelj  540  tons  and  428  tons  of  water 
econd.     This  water  must  absolutely  be 
m1  out  of  the  way,  and  the  power  ex- 
sd  in  putting  it  into  motion  yaries  ac- 
ng  to  the  form  of  the  ship,  with  the 
eas  of  the  lines  at  and  below  the  water 
All  ships  must  displace  their  own 
hi  of  water  in  running  from  about  one- 
to  three-quarters  of  their  own  length, 
"ding  to  the  fineness  of  their  lines.     If 
aTorage  velocity  given  to  the  water  be 
mied,  as  it  may  be,  with  some  pains,  at 
aoeeessive   depth   of,  say,   a  foot   of 
g^t,  the  power  expended  on  this  work 
s  mm  J  be  readily  calculated,  and  it  will 
11  omses  be  found  to  form  a  very  large, 
t  OS  say  the  larger,  portion  of  the  total 
rr   motually  and   effectively  exerted   in 
alsion,  this  power  being,  on  the  average, 
ftbout  two-thirds  of  the  indicated  power 
16  engines.     It  is,  of  course,  supposed 
the  ship  is  all  the  time  in  hydrostatic 
Ubiiom  at  both  ends,  the  water  running 
t  the  stem  and  under  the  quarters  exact- 
I  €ut  as  it  displaced  at  the  bows — and 
mistmke  must  not  be  made  of  supposing 
the  influent  water  compensates,  in  the 
b  degree,  for  the  loss  of  power  in  forcing 
e  the  water  in  front.     In  this  comparison, 
longer,  wider,  and  shallower  ship,  having 
685   square   feet   of  midship   section, 
Id  have  the  advantage  over  the  shorter, 
rower,  and  deeper  ship  of  800  square  feet 
nidship  section,  the  difference  being  in 
exact  ratio  of  the  midship  sections  them- 
es.    On   the  other  hand,    however,  the 
pr  ship  would  have  a  wetted  surface  al- 
it    exactly    one-sixth   greater   than   the 
rter  ^ip.     Hydraulic  friction  is  independ- 
of  pressure  or  head  of  water,  being  the 
le  per  square  foot  at  the  same  velocity  at 
depths.     Colonel  Beaufoy  found  the  skin 
(tion  of  each  square  foot  of  painted  wood 
be  1.&  lb.  at  13  knots  an  hour,  and,  ac- 
dmg  to  hb  experiments  (although  they 
»  made  some  seventy  years  ago,  and  pos- 
ly  under  circumstances  of  error  of  ob- 
ration),  he  found  the  friction  to  increase 
%  proportion  less  than  as  the  squares  of 
▼eloeities.     Applied  to  the  case  of  steam 
■ela,  it  ia  demonstrable  that  skin  friction, 
lept  in  very  long,  very  fine,  and  very  shal- 
r  Tesaels  does  not  form  the  principal  resist- 
«  to  motion.     And  in  the  cases  of  the  two 
eeLi    already    supposed,    the    somewhat 
later  skin  friction  of  the  longer  ship  would 
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be  much  more  than  compensated  by  its  lesser 
midship  section,  requiring  proportionately 
less  power  to  drive  it  (the  lines  being  the  same) 
at  a  given  speed.  Which  of  the  two  vessels 
would  be  the  roomier,  lighter,  and  more  airy, 
as  well  as  drier  and  easier  in  a  sea  way,  we 
need  not  stop  to  discuss,  although  the  sub- 
ject is  one  to  which  we  shall  return. 


THE  ESTHETICS  OF  CONSTRUCTION. 

From  a  paper  read  before  the  Liverpool  Archlteoiaral 
Soeiety,  by  Mr.  6.  F.  Deacon,  0.  E. 

The  subject  of  this  paper  is  the  considera- 
tion of  the  conditions  under  which  we  are 
pleasurably  impressed  by  the  presence,  in 
our  structures,  of  those  natural  laws  with 
which  we  have  become  familiar,  in  a  greater 
degree  perhaps  than  we  are  prepared  to  be- 
lieve, by  the  senses  of  siffht  and  touch ;  and 
not  of  necessity  by  that  higher  mental  power 
which  analyzes  mathematically  the  action  of 
these  laws.  I  only  speak  of  the  absence  of 
mathematical  analysis  in  the  minds  of  those 
for  whom  we  build,  and  do  not  by  any  means 
suggest  its  exclusion  from  the  minds  of  the 
builders.  I  have  always  believed  that  the 
distinction  between  the  professions  of  the 
architect  and  the  engineer  is,  or  ought  to  be 
a  distinction  rather  of  degree  than  of  kind. 
We  are  both  of  us  constructors.  We  must 
investigate  in  common  the  resistance  of  ma- 
terials to  the  simple  strains ;  those,  for  in- 
stance, of  compression,  shearing,  and  ten- 
sion ;  and  we  must,  to  become  masters  of 
our  subject,  be  conversant,  though  perhaps 
in  a  different  degree,  with  the  more  complex 
calculations  arising  from  the  combination  of 
such  strains,  either  in  the  same  piece  of  a 
structure,  or  in  pieces  depending  for  their 
support  upon  one  another.  We  roust  both 
of  us  consider,  without  prejudice,  these  ele- 
ments in  the  works  of  eminent  men  who 
have  preceded  us,  not  with  a  view  to  servile 
imitation,  but  as  a  safe  and  well-tried  foun- 
dation upon  which  to  erect  original,  and  it 
is  to  be  hoped,  better  works  of  our  own. 

This   cursory  glance    at    the    minimum 
amount  of  scientific  knowledge  which  ii  ap- 
pears to  me  we  oueht  to  possess  in  common, 
suggests  the  consideration  of  that  particular 
branch  of  aesthetics  included  under  the  gene- 
ral term  decoration,  which  is  altogether  in- 
,  dependent  of  construction,  and  which  is  ex- 
!  eluded  from  the  more  immediate  subject  of 
!  this  paper. 

Our    scientific    speculations,    which    are 
I  themselves  subservient  to  the  adaptability 
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of  the   result   to   tbc  end  in  view.  Having 

I  rough t  the  design  lu  whk:li  we  are  engaged 
to  a  certain  point,  we  must,  in  carrying  out 
our  enterprise,  and  without  in  any  way  hid- 
ing the  work  produced  by  our  reasoning 
faculties,  exercise  in  a  greater  or  lesa  de- 
gree our  imaginative  faculties  ;  often  for  the 
purpose  of  adding  pleasing  outline  or  relief, 
always  with  a  view  to  the  development  of 
that  intrinsic  beauty  which,  as  I  hope  to 
shoWi  is  rarely  absent  from  scieutificallj  de- 
Bigned  structures. 

Agreeable  sensations  ariae  in  our  minds 
from  the  contemplation  of  the  beautiful  in 
nature  and  the  beautiful  in  art,  from  two 
distinctly  different  causes ;  the  one  depend* 
ing  solely  upon  our  appreciation  of  the  ac- 
tion of  the  mechanical  forces  of  nature,  the 
other  affecting  onr  senses  in  virtue  of  cer- 
tain distributions  of  form»  color,  or  light 
and  shade,  for  which  we  can  lay  down  but 
few  rules,  and  those  of  a  merely  empirical 
nature. 

Take  in  your  hand  a  frond  of  the  common 
lady-fern.  It  has,  for  some  reason,  a  most 
pleasing  effect  on  the  eye,  and  yon  call  it 
beautifuL  Paste  the  same  frond  on  a  sheet 
of  paper  in  a  vertical  position,  and  to  most 
mindt^  more  than  half  its  beauty  will  have 
vanished.  And  why?  On  the  first  impulse 
one  would  be  inclined  to  answer,  ''  because 
it  formerly  hung  in  a  beautiful  curve,  and 
we  have  now  rendered  it  rigid  and  straight;" 
but  a  little  consideration  will  show  the  in- 
completeness of  such  a  reply.  The  circle  is 
a  beautiful  curve,  so  is  the  spiral,  so  is  the 
cyoloid;  but  the  fern,  when  bent  into  any  of 
these,  will  have  but  little  more  beauty  than 
it  had  as  a  straight  line.  Only  one  curve 
will  answer  the  purpose,  and  that  is  the 
curve  into  which  it  naturally  falls*  the  curve 
in  which  the  force  of  gravity  b  exactly 
balanced  by  the  resistanca  of  the  stalk  to 
flexure. 

Innumerable  examples  of  a  similar  nature 
might  be  adduced,  and  I  think  they  would 
one  and  all  ^how,  *^that  there  is  a  pleasur- 
able effect  produced  upon  the  mind  by  forms 
resulting  from,  or  balanced  by,  the  direct 
action  of  the  mechanical  forces  of  nature, 
when  those  forces  act  in  a  manner  which  wc 
apprebend  intuitively,  and  are  not  compli- 
cated in  their  mode  of  producing  their  effect 
upon  the  senses  by  arti&cal  means,  or  by  the 
supcrimposition  of  one  upon  another."  And 
this  result  is  evidently  altogether  indepen- 
dent of  the  arrangement  of  the  component 
parts — a  diyision  of  the  subject  to  which  I 


have  already  alluded^  as  Incltuli&g  all 
bellishmente  not  necessary  to  thoK 
tions  of  stability  which  the  ordinary 
capable    of    appreciating,    but    wkic^ 
nevertheless   be   introduced  to  enlkaMt 
beauty  of  the  structure. 

The  first  of  these  effects  appeart  l» 
a  peculiar  interest  for  the  engineer,  u 
the  basis  of  a  great  problem;  nan* 
he  is  to  produce,  in  tbo^e  worki  k 

f^re-eminently  dependent  for  bcmutj.u^i 
ines  of  construction,  such  fortiif  a*  tbf 
will  at  once  apprehend  as  cur 
the   conditions   involved,  and 
not  be  slow  to  call  beautiful ;  m  tkmt^ 
curves   as  are  known  by  engineers  u 
of  equilibrium.     The  second,  or 
effect,  it  is  the  more  immediate  obj 
artbt  to  produce,  and  in  a.11  case^ 
be  subordinate  and  subsidiary  to  litK  m^^. 
For  the  purpose  of  illustrating  my  tfal 
ments,  or,  I  would  rather  say,  a&    '     ' 
arguments  that  I  can  adduce,  1 
leeted  engravings  and  photograplu  ui  *  li^ 
of  each   type  of  designs  for  iron 
executed  or  proposed ;  and  I  have  m 
these  types,  not  aooording  to  thetr 
clas^ificatiou,  but  rather  as  ibey  |ini^iNt 
pleasing  effect,  or  the  reverse. 
Type  1.  Box  and  plate  girders. 

**      2.  Lattice  girders. 

**      3,  Bowstring  girders, 

**     4.  Arched  ribs   with  hrajM  m^ 
drels. 

«*     5.  Suspen8ton«brtdge  with  siiiaiig 
girders. 

*'     6.  The  continuous  parabolk  fjtUA. 

**  7.  Simple  suspeusion-bridgt  till 
vertical  rods. 
If  we  consider  for  a  moment  iht 
able  impression  produced  upon  oi 
first  of  these  types  (and  every  KngI 
has  ample  opportunities  for  considufiDf  U), 
we  cannot  fail  to  notice  that  it  does  otl  ' 
together  arise  from  the  monotonooi 
form,  or  even  from  the  flat  nniiii»] 
face  of  the  structure.  Cover  it  witk 
inga  and  ornaments  of  cast  Iron — fi  •  ~^  *  " 
the  best  taste — decorate  it  as  yon  ^ 
cannot  redeem  it  from  its  uncomprumiii^ 
ugliness.  And  why  ?  Becauiie  U  appcsfi 
to  be  out  of  place ;  it  la  a  form  whLeh  cHiV 
to  want  some  additional  support;  it  iMfmet 
tially  deceptive.  We  cannot  appreciatt  tk 
beauty  of  construction,  the  priticipl<»  rf 
which  we  do  not  instinctively  conipreiMiJ' 
In  a  limited  sense  those  principles  are  (t>^ 
rect  enough.     In  the  molocular  stmoluTBuf 
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•very  straight  beam  there  are  curves  of 
diicci  tension  and  eompression,  which  clear 
mp  the  mystery  at  once.  The  lines  of  com- 
pression are  concave  downwards,  those  of 
tension  concave  upwards.  Thev  cross  each 
other  in  every  case  at  right  angles,  and  each 
BBts  the  neutral  surface  of  the  beam  at  an 
angle  of  45"*. 

Although  the  two  halves  are  in  all  re- 
neets  similar,  there  are  not  two  points  in 
tie  half  elevation  of  the  web  and  flanges,  at 
vhich  the  stress  is  at  once  the  same  in 
saonnt  and  direction.  Along  each  indivi- 
imal  carve  the  stress  varies  &om  center  to 
nd,  and  every  curve  represents  an  amount 
of  stress  differing  from  that  of  every  other. 
rhea  what  an  infinitely  complicated  piece  of 
irorkmanship  we  should  have  if  we  attempt- 
ad  to  vary  the  section  of  our  wrought  iron 
plntes,  in  proportion  to  the  duty  that  each 
MMnt  in  their  elevation  has  to  perform. 
Practically  we  cannot  do  this.  It  is  for  the 
engineer  to  determine  how  far  he  can  ap- 
proximate to  the  theoretical  conditions  in- 
rolTed,  and  thus  save  material  without  ne- 
sessitating  more  labor  than  the  value  of  that 
Baterial  represents;  and  in  most  cases  this 
ean  be  done  with  great  advantage.  In  small 
wrought  iron  girders  we  may,  perhaps,  by 
due  attention  to  the  principles  of  stress,  save 
fifteen  per  cent  of  the  material  necessary  in 
a  girder  of  equal  strength,  but  of  uniform 
section,  and  that  without  adding  to  the  la- 
bor in  the  least.  This  percentage,  however, 
is  but  a  fraction  of  the  weight  which  theo- 
retical perfection  represents  as  lost. 

This  type,  then,  is  essentially  bad  in  re- 
spect of  its  response  to  the  theoretical  con- 
ditions of  a  minimum  weight  of  material. 
Nevertheless,  in  small  spans  the  economy  of 
labor  consequent  on  simplicity  of  construc- 
tion often  compensates  for  this  defect. 

Type  second  is  the  straight  lattice  girder ; 
and  here  the  lines  of  stress  are  guided  from 
their  natural  curves,  and  concentrated  in 
the  flanges  and  diagonals.  This  fact,  how- 
ever, does  not  assist  the  mind  in  conceiving 
the  mode  of  action  of  the  beam,  and  I  am 
inclined  to  think  that  all  the  superiority  of 
appearance  is  to  be  traced  to  the  decorative 
effect  produced  by  the  open  lattice  work, 
and  the  reduction  of  apparent  weight. 
Among  the  best  known  bridges  of  this  class 
are,  in  England,  those  at  Crumlin  and  Run- 
corn, and  on  the  Continent  those  over  the 
Rhine,  at  Cologne,  and  at  Kehl,  near  Stras- 
burg,  and  that  over  the  Vistula  at  Dirschau. 
But  one  and  ail  of  these  must  be  regarded 


as  failures  in  an  aesthetic  sense.  Probably 
Mr.  Baker's  towers  at  Runcorn,  and  the 
piers  at  Dirschau,  are  most  in  keeping  with 
the  works.  The  Oothic  piers  of  the  bridge 
at  Kehl  have  a  singular  effect.  Their  ap- 
pearance is  very  striking,  but  they  do  not 
harmonize  well  with  the  long  horizontal 
lines  of  the  girder,  or  with  its  lattice  bars 
arranged  at  angles  of  45^.  The  proximity 
of  Strasburg  Cathedral,  too,  is  not  calculat- 
ed to  impress  one  in  favor  of  that  puny  cast 
iron  architecture. 

The  bowstrine  girder  is  our  next  type, 
and  it  includes  all  those  in  which  the  top  or 
bottom  flange,  or  each,  consists  of  a  seg- 
mental or  parabolic  rib,  connected  together 
by  diagonal  lattice  bars.  The  best  known 
of  those  which  have  both  flanges  curved  are 
Brunei's  bridge  at  Saltash,  and  that  over 
the  Rhine  at  Mayence.  All  these  structures 
are,  as  regards  the  iron  work,  more  natural 
than  either  of  the  preceding  types,  and  we 
must  accord  to  them  the  merit  of  giving  us 
the  first  clear  idea  of  the  manner  in  which 
they  do  their  work.  We  may  not  feel  satis- 
fied with  their  appearance,  but  we  must  ad- 
mit that  it  is,  or  may  be  made,  much  supe- 
rior to  that  of  either  of  the  straight  types. 

We  now  come  to  the  arch,  respecting 
which  I  shall  say  more  hereafter,  but  assur- 
edly we  cannot  hesitate  to  assign  to  it,  in 
our  classification,  a  higher  place  than  wo 
would  to  those  already  mentioned.  The 
mind  at  once  perceives  the  natural  and  effi- 
cient manner  in  which  it  supports  the  load 
to  which  it  is  subject. 

Our  fifth  type  is  the  suspension  bridge, 
stiffened  in  such  a  manner  by  lattice  work 
as  to  be  capable  of  bearing,  without  undue 
vibration,  heavy  rolling  loads.  It  is  suffi- 
ciently obvious  that  the  effect  of  the  simple 
parabolic  or  catenarian  curve  is,  in  a  great 
measure,  marred  by  the  proportions  of  the 
stiffening  girder. 

In  the  late  Paris  Exhibition  were  exhi- 
bited two  striking  drawings,  by  Hcrr  Carl 
von  Ruppcrt,  for  bridges  across  the  Bospho- 
rus,  and  over  one  of  the  greatest  chasms  in 
the  tertiary  limestones  of  the  Balkan.  In 
carrying  out  the  Austrian  project  of  a  rail- 
way to  Asia  Minor,  it  will  be  necessary  to 
cross  these  places,  and  Von  Ruppert  has 
probably  solved  the  difficulty  in  a  very  com- 
plete manner.  It  is  well  to  mention  that 
ins  investigations  have,  been  published,  and 
they  can  leave  no  doubt  in  the  mind  of  the 
reader  that  the  Austrian  engineer  has 
brought  together   principles  already    well 
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nnderstood,  with  a  boldness  and  originality 
resulting  in  a  complete  sncoess. 

There  is  but  one  more,  and  that  is  the 
pure  suspension  bridee.  We  cannot  im- 
improye  upon  that  simple  catenary.  Its 
mode  of  action  is  apparent  at  a  glance,  and 
its  curve  is  evidently  a  natural  one.  But, 
unfortunately,  we  have  no  means  of  render- 
ing it  sufficiently  rigid  for  railway  purposes, 
without  destroymg  its  chief  sesthetic  charac- 
teristics. 

Thus  far  I  have  endeavored  to  lead  you 
through  the  general  principles,  in  virtue  of 
which  each  of  the  seven  types  supports  its 
load.  You  may  feel  inclined  to  change  the 
order  of  one  or  two,  but  that  will  not  a£fect 
the  general  result. 

Had  I  based  the  classification  upon  the 
relative  economy  of  material,  upon  the  abso- 
lute weight  of  the  superstructure  which  each 
would  have  required  for  the  same  span,  and 
to  bear  the  same  moving  load,  it  is  at  least 
gratifying  to  know  that  the  arrangment 
would  have  been  precisely  the  same,  and 
that,  although  in  small  spans  the  order  of 
ultimate  economy  is  somewhat  changed  by 
the  different  proportions  of  labor  to  material 
required,  it  would  not  be  felt  in  the  large 
spans. 

TMe  con^ikd  from  Mr.  Baker's  AnalysiSy  showing  fhe  JppTtmnait  WtightM  of  WrtmffA  hn 
or  Steel  in  the  Superetructure  of  RaUyoay  Bridges  of  six  different  types  ;  the  working  t' 
of  the  iron  being  taken  at  4  tons,  and  that  of  the  steel  at  6|  tons  per  square  inch  of  i 


These  general  facts  hsTe  been  loogkian 
to  the  engineer;  but  Mr.  Benjamin  Bifar 
has  recently  reduced  them  to  approiimaldT 
correct  figures  for  different  lengths  «f  lut 
way  bridges  up  to  the  limiting  spans,  aad  I 
have  prepared,  from  his  invest igatiens,  tk 
annexed  table,  showing  the  weights  of  ai- 
terial  in  spans  of  700  ft.,  and  abo  ib  nui 
100  ft.  less  than  the  limiting  spans.  Tin 
types  are  in  principle  the  same  as  tlMie  I 
have  described,  though  not  arranged  qvtt 
as  Mr.  Baker  classed  them. 

I  have  now  laid  before  you  thegCMnl 
arguments  which,  yon  will  probably  adwKr 
prove,  at  least  in  regard  to  great  bridgei, 
the  truth  of  the  statement  that,  in  e^ 
spans,  the  aesthetic  properties  of  the  liM 
of  the  structure  vary  in  direct  proportion  U 
the  simplicity  of  the  design,  in  a  icientifo 
sense,  and  in  the  inverse  ratio  of  its  totvl 
cost. 

These  results  are  sufficiently  remarkabfe; 
and  if  we  can  in  every  case  find  beautj  nd 
science  walking  hand  in  hand,  as  here,iUD 
we  not  be  able  to  do  more  in  the  eaiiM  rf 
both  than  we  do  at  present  ?  And  tUs,  I 
think,  we  can  find  in  our  works  of  stone  lad 
brick,  without  either  the  conditions  of  grot 
size,  or  the  cost  of  extra  labor. 


Desckiption. 


700  ft.  Span.    Approxi- 
mate weight  in  tons. 


Iron. 


St«el. 


Limiting  Span  minus 
100  ft. 


Weight  of  steel    Length  of 
in  tons.         Span  in  feH. 


Box  girder 

Lattice  girder 

Bowstring  girder 

Arched  ribs  with  braced  spandrels  . . . 

Suspension  with  stiffening  girder 

Continuous  girder  with  varying  depth* 


61,030 
17,300 
6,650 
8,500 
8,045 
2,660 


4,410 
2,780 
1,996 
1.716 
1,820 


27,815 

68.055 

864,420 

276,450 

1,120,000 


900 
1.800 
1.900 
1.900 

sjsoo 


THE  CORROSION  OF  BOILERS. 

By  NoBMAH  W.  Wheblkb. 

The  writer  is  induced  to  put  forward  a 
few  crude  thoughts  in  the  hope  that  some 
competent  chemist  will  experimentally  de- 
termine whether  his  surmises  are  correct  or 
otherwise. 

The  corrosion  of  boilers  worked  in  con- 

*  This  tjpe  is  nearly  «qaiTalent  to  Von  Rnppert's 
^yitui. 


nection  with  surface  condensers  is  in  gm^ 
part  attributed  to  a  galyanic  action  indneej 
by  the  condenser.  But  galvanic  action  doei 
not  establish  itself  spontaneously;  someiort 
of  chemical  decomposition,  or  degraditkn 
of  metals  or  other  bodies  being,  so  ftf  v 
we  know,  a  condition  precedent,  so  thit  H 
becomes  a  question  whether  the  oorrorioa 
observed  is  not  the  cause  rather  than  tlie 
effect  of  the  galvanic  excitation  oheerred. 
When  water  is  repeatedly  vaporised  u^ 
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BdeiiAed,  with  very  little  exposure  to  the 
■KMphere,  u  ia  the  case  in  practice,  it  be- 
lies to  a  great  degree  decerated,  but  the 
Ascion  as  to  which  of  the  numerous  gases 
isting  in  natural  water  is  first  eliminated 
Buuns  unanswered.  If  those  gases,  of 
lich  wmter  absorbs  the  greatest  bulk,  cling 
it  with  the  greatest  tenacity,  a  consider- 
le  part  of  the  destructive  effect  b  there- 
accounted  for.  It  is  stated  by  good  au- 
yritiea  Uiat  water  absorbs  at  common  tem- 
ratnres  its  own  bulk  of  carbonic  acid,  one 
Boty-fifth  its  bulk  of  oxygen,  and  still 
8  of  nitrogen.  If,  when  water  is  deferat- 
by  heating,  the  neutral  gas  nitrogen  is 
It  expelled,  the  corrosive  power  of  the 
ter  should  be  exalted  by  its  atmosphere, 
to  speak,  of  carbonic  acid  and  oxygen  ; 
i  if,  during  the  exposure  to  the  air  in  the 
*  pomp  and  hot  well,  the  water  absorbs 
)  ffases  in  ratio  of  their  supposed  affinities, 
t  ahoold  have  in  the  boiler  a  pretty  active 
Ation  of  carbonic  acid  in  oxygenized 
icTy  from  which  we  ought  to  expect  cor- 
lion  of  the  metal  of  lowest  chemical  rank 
posed  to  its  power,  corresponding  with  the 
Borred  facts. 

A  ease  encouraging  the  belief  in  the  seri- 
3  elimination  and  absorption  of  gases,  oc- 
rred  in  the  writer's  practice  in  1864. 
mr  vessels  were  built  for  the  Government, 
th  return  flue  boilers  and  **  high  pressure" 
gines,  but  the  steam  was  condensed,  for 
3  sake  of  fresh  feed  water,  in  open  surface 
adensers ;  that  is,  condensers  making  no 
caom,  but  fitted  with  tubes  and  circulat- 
B^  pumps,  and  the  steam  spaces  in  the  con- 
naers  communicating  with  the  atmosphere 
rough  pipes.  The  condenser  tubes  were 
Mle  of  iron  and  galvanized,  for  the  pur- 
se of  avoiding  the  corrosion  of  the  boilers. 
le  feed-water  was  drawn  by  the  feed-pumps 
rectly  from  the  condensers.  As  a  matter 
convenience,  the  atmospheric  pipes  were 
i  from  the  condensers  and  opened  into  the 
loke  pipes,  so  that  when  an  exhaust  took 
ice,  the  vapor  was  for  an  instant  driven 
t  Uirough  the  atmospheric  pipe,  and  be- 
ose  of  the  continuous  condensation,  the 
ses  in  the  smoke  pipe  were  drawn  back 
rard  or  into  the  condenser  between  the 
seessive  exhausts,  thus  keeping  up  a  pulsa- 1 
m  and  swaying  back  and  forth  of  vapor 
d  gases  in  the  atmospheric  pipes,  which,  I 
though  made  of  copper,  were  eaten  into  I 
les  in  a  few  days.  The  pipes  passed  over- 1 
ad  through  the  fire  rooms,  and  the  con-  < 
iimI  dripping  of  hot  water  made  those  | 


places  very  uncomfortable.  The  corrosion 
of  the  boilers  was  marked  and  unmistakable 
within  a  month. 

The  atmospheric  pipes  were  then  changed 
and  led  to  the  open  air,  and  the  corrosion  of 
both  boilers  and  pipes  apparently  ceased, 
and  was  not  again  observed  while  the  ves- 
sels were  within  the  range  of  the  writer's 
observation. 

It  is  supposed  that  carbonic  acid  was  ab* 
sorbed  rapidly  by  the  vapor  and  condensed 
water  in  the  atmospheric  pipes,  the  supply 
being  derived  firom  the  gases  of  combustion, 
and  the  acidulated  water  passed  into  the 
boilers  by  the  feed  pumps. 

Now,  if  it  be  proven  Uiat  the  water,  while 
exposed  in  the  hot  well  of  an  ordinary  en- 
gine, absorbs  oxygen  and  separates  it  from 
the  nitrogen  of  the  air,  and  that  the  nascent 
carbon  of  the  oils,  used  to  lubricate  the 
internal  parts  of  the  engine,  is  seized  by  the 
oxygen  when  the  oils  are  decomposed  by  the 
heat  of  the  steam,  we  shall  be  able  to  ao- 
count  for  an  amount  of  carbonic  acid  in  the 
boilers  working  in  connection  with  common 
surface  condensers,  sufficient  to  destroy  them 
rapidly. 

WffiE  ROADS. 

From  <<  The  Engineer." 

The  great  defect  of  the  modem  railway 
is,  that  the  system  does  not  admit  of  gene- 
ral use.  It  b  true  that  a  railway  can  be 
laid  down  and  worked  by  locomotive  power 
in  almost  any  conceivable  country,  provided 
there  is  sufficient  capital  available  for  its 
construction,  and  sufficient  traffic  to  pay  for 
working  it.  But  thousands  of  cases  will 
present  themselves  to  the  engineer  in  which, 
although  a  fair  amount  of  traffic  may  be  ex- 
pected, it  is  morally  certain  that  this  traffic 
could  under  no  possible  circumstances  prove 
remunerative,  for  the  simple  reason  that  the 
capital  expended  would  of  necessity  be  out 
of  all  proportion  to  the  money  received  for 
the  carriage  of  goods  or  the  conveyance  of 
passengers.  As  we  cheapen  railways  we  in- 
crease their  sphere  of  usefulness ;  and  were 
it  possible  to  reduce  the  cost  of  railways  be- 
low that  of  common  roads,  and  to  render  the 
conditions  of  working  such,  that  on  them,  as 
on  a  canal,  private  individuals  could  run 
private  vehicles,  it  is  more  than  probable 
that  common  roads  would  cease  to  have  ex- 
istence, their  place  being  taken  by  tramways 
or  public  railroads.  Numerous  attempts 
have  be^n  made  ^  reduce  the  cost  of  rail- 


roads,  but  witb,  for  obvious  reasons,  verj 
little  success.  The  cheapest  single  line  of 
4  ft,  8 J  in.  gftuge,  which  it  is  possible  to 
lay  in  an  easy  country  will  cost,  at  least, 
JE3,000  per  mile.  If  the  country  is  difficult 
or  hilly,  the  expense  of  construction  may 
very  well  rise  to  ten  times  the  sum.  Rail- 
ways represent  the  most  perfect  mode  of 
transit  yet  produced  in  one  sense,  and  it  is 
therefore  to  he  regretted  that  they  are  not 
more  generally  applicable  to  all  the  pur- 
poses of  locomotion  than  is  at  present  the 
case  ;  but  it  is,  we  think,  slill  more  to  be 
regretted  that  there  is  no  prospect  whatever 
that  they  will  ever  become  much  more  use- 
ful than  they  are  now.  A  good  deal  re- 
mains to  be  done  as  regards  tramways^ 
which  partake  intimately  of  the  nature  of 
railways  without  being  railways  in  the  truest 
or  highest  sense.  But  even  whew  tramways 
have  received  that  enormous  development  of 
which  the  system  is  probably  capable,  condi- 
tions will  still  couHtantly  ciist  under  which  it 
will  be  impossible  to  resort  to  their  use  ;  and 
the  same  truth  applies  to  the  ordinary  macad- 
amized or  graveled  road.  Stretching  a  point, 
every  ordinary  highway  and  parish  road  niay 
be  regarded  as  the  substructure  for  a  tram- 
way. No  tram  can  be  laid  on  a  substruc- 
ture much  worse  than  our  third  and  fourth- 

,  rate  country-roads^  Therefore  it  may  be 
taken  for  granted  that  where  a  road  can  be 
made  a  tram  may  be  laid,  and  also  that 
where  a  road  cannot  be  constructed  no  tram- 
way can  be  laid  down.  But  in  almost  every 
civilized  or  partially  civilized  country  in  the 
world,  circumstances  occur  under  which, 
though  means  of  transit  are  required,  it 
would  be  impossible  to  provide  them,  either 
in  the  shape  of  railroads,  tramways,  or  com- 
mon roads,  at  a  price  which  would  Justify 
their  construction  even  by  a  state,  much 
less  by  any  company  of  adventurers.  There- 
fore it  appears  that  the  proposition  with 
which  we  commeneed  this  article  applies  to 
both  tramways  and  common  roads  as  well  as 
to  railways,  though  not  with  the  same  force; 
for  both  tramways  and  common  roads  are 
open  to  objections,  which  do  not  exist  in  the 
case  of  railroads,  far  more  serious  than  the 
want  of  universal  adaptability. 

It  has  long  been  felt  that  some  efficient 
means  of  transit,  which  might  be  used  un- 
der any  conceivable  conditions,  are  badly 
wanted;  but  it  docs  not  appear  that  much 
had  been  done  up  to  a  very  recent  period  to 

|»Upt)lj  the  want.     The  popular  way  out  of 
leh  ft  difficulty  as  that,  for  example,  which 


presents  itself  when  the  ore  fron  «a 
the-way  mine  has  to  be  got  lot  ieMrtJ 
in  making  a  road,  bnyiog  e&rla  and  ht4 
building  stables,  and  hiring  ^rarttri;  v| 
it  happens — and  in  the  col  -ri 

pen  rather  often — that  no  r  i  w\ 

ed  carriages  can  be  made,  th©  pcrpttkr 
dy  fails  of  course.  There  arc  Iwe 
tuties  for  common  roads ;  one  c< 
mules  and  the  other  of  eanicls.  C( 
elephants  we  will  leave  out  of  thf 
for  the  present.  Now  mules  are  ne 
very  useful,  and  so  are  camels ;  hut 
our  readers  who  has  had  to  transp"' 
horse  engine,  for  example,  up  coi 
the  backs  of  mules  or  camels,  wii:  i^m 
with  us  that,  although  the  muleteer  of  wdj 
is  a  very  picturesque  creature,  the  eittld^tf 
of  fact  is,  though  picturesque,  sooielkii 
else  as  well;  and,  making  the  beatiifftiitai 
and  camels  and  their  drivers,  the  great  ftft 
still  rcmainti,  that  they  carry  thin^  *Mb^ 
and  cost  a  great  deal.  In  a  word,  aiki 
and  camels  no  more  solve  the  probkttrf 
transport  in  distant  lands,  as  Engliil  cif^ 
taltsts  and  engineers  would  have  tt  Mbcl, 
than  a  trained  hippopotamus,  weighbgihoiit 
four  tons,  and  carrying  a  couple  of  Kifin, 
represents  a  perfect  means  of  ordi&anr  |0O»> 
motion.  It  would  not  be  easy  to  ettlMll 
the  lass  which  accrues  each  year  to  im 
colonies  as  a  consequence  of  the  want  •>( 
Bomi'  means  of  bringing  produce  to  mariil 
There  arc  coffee  plantatioiLs  in  Ccyton,  man 
than  40  per  cent  of  the  produce  of  wirtckii 
constantly  wasted  and  lost,  t-un irlv  Imhii^* 
no  efficient  means  exist  of  _ 

to  market  down  the  jungle  .  .. .     ,..^  ■.. 

hills.     The  waste  and  loss  of  cotton  in  l> 

dia,  for  the  same  reason,  is  cnonnor-     **» 

Nam  aqua   land,  again,  there   are   v 

mines  which  cannot  be  worked  hrm:: 

costs  £H    per    ton — half    this    Lxir-,    ' 

more,  being   incurred  in   tran-i 

few  miles  up  the  country  on  ^ 

mules.     It  is  impossible  to 

at  this  moment,  how  much  - 

the  world  because  no  means  ci 

porting  cotton,  and   coffee,   an  i 

coal,  over  moderate  distoncea  &t  modan^ 

rates. 

Impressed  as  we  are  with  the  impofWWi 
of  this  loss,  and  desiring  as  we  do  te  sm  t^ 
loss  for  ever  done  away  with,  wo  hare  raw* 
fully  watched  every  attempt  that  hfti  ^<*^ 
made  of  recent  years  to  orcrcotne  tKi»  (hfi* 
culty.  The  narrow  gauge  rtUvap  f 
Queensland;  Blr.  Brunleea   eke^  liniB  ift 
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Ilk  Ameriea;  the  pneumatio  dispatch — 
vhieh  there  is  more  as  a  means  of  cheap 
■sit  in  difficult  countries  than  is  at  pre- 
t  perceived — these  things,  and  such  as 
«e,  holding  out  promise  of  future  good, 
re  ail  claimed  our  attention  ;  but  very 
le  olweryation  is  sufficient  to  show  that 
7  none  of  them  comply  with  the  condi- 
is  of  the  greatest  difficulty.  Take  the 
e  of  A  coffee  plantation  in  a  fertile  dis- 
fl  on  the  side  of  a  hill ;  between  it  and 
t  nearest  port,  or  the  nearest  road  to  a 
ty  lies  an  impenetrable  junsle,  deep  ra- 
es,  and  water  courses  now  dry  and  anon 
Mi  with  a  foaming  torrent ;  the  railroad 
L  do  nothing  for  such  a  case,  the  pneu- 
tic  dispatch  is  of  as  little  value.  What 
planter  wants  is  the  wings  of  the  dove 
take  him  to  the  uttermost  part  of  the  sea. 
he  could  but  fly !  If  he  could  but  or- 
lixe  a  trained  troop  of  flying  steeds  to 
:e  his  produce  bit  by  bit  over  the  top  of 
I  jnngle,  across  rock,  ravine  and  torrent, 
n,  indeed,  the  problem  would  be  solved, 
1  the  flying  steeds  would  serve  a  more 
tfnl  purpose,  and  do  more  good  than  ever 
gasos  has  done  vet. 

Now,  is  this  flight  impossible  ?  Are  the 
Benlties  to  be  encountered  insurmount- 
ie  ?  We  think  not.  We  have  spoken  of 
ing  steeds,  and  we  have  done  so  with  a 
rpoee.  It  is  evident  that  if  we  could 
istract  a  road  above  ground  instead  of 
iting  on  it,  neither  jungle  nor  forest  need 
re  us  trouble.  There  is  a  race  of  pirates 
Borneo  who  live  in  forests.  These  peo- 
)  seldom  touch  ground.  Their  roads  oon- 
t  of  sioffle  trunks  of  trees  felled,  laid  end 
end,  and  carried  on  suitable  uprights  for 
lea  through  the  depth  of  the  forest  from 
d  aea  shore.  The  jungle  undergrowth  is 
ipassable,  therefore  those  people  make 
eir  road  over  it.  We  are  all  familiar  with 
e  rope  bridge  of  South  America,  across 
lioh  the  traveler  is  drawn  in  a  basket 
inging  below  the  bridge,  which  consists  of 
hide  cable.  In  these  two,  the  Borneo  tree 
ad  and  the  South  American  bridge,  we 
»Te  the  crude  germ  of  an  idea  which,  prop- 
Ij  worked  out,  may  do  wonders  for  the 
od  of  mankind. 

The  only  scientific  development  of  the 
ea  yet  before  the  public  is  Mr.  Hodgson's 
re  railway  at  Bardon  Hill,  Lecicester,  al- 
ady  noticed  in  our  pages.*  This  line, 
ree  miles  long,  extends  from  Messrs.  Ellis 
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and  Everard's  granite  quarries  at  Markfield, 
to  Bardon  station  on  a  branch  of  the  Mid- 
land Railway.  At  Bardon  is  a  tremendous 
rotatory  crushing  machine,  capable  of  con- 
verting a  couple  of  hundred  tons  or  so  of 
granite  into  road  metal  per  day.  We  need 
not  tLffVLin  describe  the  wire  line  put  down  to 
transport  100  tons  of  stone  per  day  to  this 
machine,  but  never  as  yet  worked  up  to  its 
full  capacity.  It  will  suffice  to  say  that  the 
principle  involved  consists  in  suspending  a 
wire  rope  on  wheels  fixed  to  posts  placed 
about  thirty-one  to  the  mile,  just  as  are  or- 
dinary telegraph  posts.  The  rope  runs  over 
a  horixontal  pulley  of  considerable  diameter 
at  one  end,  and  at  the  other  round  a  4^  ft. 
Fowler's  clip  drum,  driven  by  a  16-horse 
portable  engine,  which  b  not  half  loaded. 
One  side  of  the  six  miles  of  endless  rope  is 
always  traveling  toward  Markfield,  the  other 
side  away  from  it,  toward  Bardon.  The 
stone  is  loaded  into  boxes,  which  are  hung 
on  the  rope  and  run  full  to  Bardon,  where 
they  shunt  off  the  rope,  are  emptied,  and 
sent  back  to  Markfield  on  the  return  line. 
The  wire  road  winds  in  and  out,  pass- 
ing here  through  a  grove,  there  across  pas- 
ture lands.  In  one  place  it  jumps  obliquely 
across  the  high  road  with  a  span  of  600  ft. 
clear.  The  pace  at  which  the  buckets  travel 
is  about  four  miles  an  hour,  the  load  in  each 
about  one  cwt.,  and  some  thirty  buckets 
come  to  the  mile.  The  line  has  now  worked 
for  some  months  most  successfully,  and  we 
are  pleased  to  hear  that  in  Italy,  Spain,  and 
Turkey  the  system  is  likely  to  be  extensive- 
ly adopted.  The  system  is  certain  to  prove 
infinitely  valuable  to  countries  perishing 
from  that  inanition  due  to  want  of  means 
of  internal  circulation. 

Here  we  have  means  of  transport  provid- 
ed, by  which  all  obstacles  connected  with 
the  country  are  avoided.  No  doubt  objec- 
tions may  be  raised  to  the  scheme,  and  dif- 
ficulties are  certain  to  be  encountered  in 
carrying  it  out  on  a  large  scale.  One  or 
two  points,  however,  are  certain ;  it  has 
been  proved  that  the  principle  can  be  ap- 
plied in  practice ;  wire-rope  railways  are ' 
very  inexpensive — £150  to  £500  per  mile ; 
they  offer  the  only  certain  solution  for 
hitherto  insurmountable  difficulties,  and, 
lastly,  the  entire  principle  b  correct.  We 
did  intend  to  speak  of  the 'mechanical  ques- 
tions involved,  such  as  the  best  means  of 
carrying  the  rope,  putting  on  the  buckets, 
the  power  consumed,  etc. ;  but  these  we 
think  best,  after  all,  to  speak  of  at  a  future 


e4s 


VAN  NOSTRAND*S  ENQINEEKING  MAGAZINE. 


time  wlien  the  Bysteni  shall  have  been  more 
fully  developed,  and  some  inquiry  eball  have 
been  made  into  ita  dynamics.  So  far  the 
schetQO  is  a  mechanical  Biiceess,  and  that  is 
about  the  only  point  connected  with  it,  save 
its  all  but  universal  applicability  to  the  pur- 
poses of  transport,  with  which  we  have  any- 
thing to  do. 


RAISING  WATER  FROM  MINE& 

Ftom  "The  EnginAer.^' 

In  scarcely  any  department  of  the  opera- 
tions ncccsfeiary  to  bring  our  subterranean 
treasures  to  the  surface,  is  there  greater  di- 
versity of  comparative  working  eo»t  than  in 
the  process  of  freeing  the  ininea  of  water. 
The  men  who  win  our  metals  have  made 
much  more  progress  in  this  department  than 
those  who  get  our  fossil  fuel^  as  we  shall  pres- 
ently see.  Meanwhile  let  ua  get  some  idea 
of  the  financial  significance  of  the  subject 
by  remembering  that  from  the  northern  coal- 
field comprising  Northumberland  and  Dor- 
ham  there  has  every  year  to  be  taken  water 
fifteen  times  the  weight  of  the  output  of  the 
coal  of  the  district,  which,  according  to  the 
the  mines  inspectors'  last  returns,  reached, 
in  Um,  a  total  of  26,500,000  tons.  In 
Staffordshire  the  water  raised  is  computed  at 
ten  times  the  weight  of  the  coal;  but  the 
ratio  of  cost  in  each  may  be  assumed  to  be 
alike.  It  is  osti mated  at  .343  pence  per 
1,000  gallons  raised  100  ft.,  or,  in  other 
words,  per  million  foot-pounds.  This  cal- 
culation is  made  upon  the  basis  that  the 
average  of  the  lifts  is  384  ft.,  which  is  com- 
puted to  be  the  average  depth  of  the  pits  in 
South  Staffordshire;  and  this,  for  the  pur- 
pose of  calculation,  may  be  taken  as  the  depth 
in  the  northern  field.  Computed  on  the 
quahtity  of  coal  raised  in  lH(j5,  the  cost  of 
|)umping  in  the  South  *Staf!brdshire  collieries 
IS  estimated  by  Mr.  E.  B.  Marten  at  XlOO,- 
OOO^a-year,  taking  £500,000  as  the  capital 
employed,  and  allowing  a  5  per  cent  reduc- 
tion on  this  capital.  The  engines  are  presum- 
ed to  work  twenty-four  hours  per  day.  Tak- 
ing Mr.  Marten's  figures  for  his  guide,  and 
adapting  them  to  the  ^25,000,000  tons  raised  ' 
in  the  northern  district  in  1865,  Mr.  William 
Waller  puts  down  the  yearly  coijit  of  pumping 
the  Northumberland  and  Durham  disitrict 
at  i:459,200. 

How  much  more  tbis  is  than  need  be,  may 
not  be  accurately  coocluded,  but  may,  to 
some  slight  extent,  bo  imagined  from  a  fact 
which  Mr.  AVarington  W,  Smytti  has  pkced 


upon  record.     It  is  that  be  kas  m^t\m 
large  pumping  engine   in  the  not: 
raises  water  from  105  fathoms  d«  *  ^ 
lifts,  at  seven  and  a-half  stroke 
with  a  consumption  of  twenty  l.   t  -^ 
tons  of  slack  per  day%  whilst  a  aimllari 
of  work  is  done  by  a  Cornidb  c&giiK  wilk  1 
two  to  two  and  a-third  tons.     The  eoal  «ii||| 
doubt  inferior  in  the  former  case,  bul  ike  1 
suit,  he  intimates,  shows  that  there ai^mni^] 
in  the  country  consuming  upwards  aftei  tat  ^ 
the  quantity  of  coal   that  is  needed  (m  I 
work  accomplished.     It    is    clear   tW  , 
pumping  at  our  coal  mines  i»  not  nn  ' 
as  cheaply  as  it  oTigbt  to  be,  and  wt 
reason  to  know  that  even  the  m«'t.i5  m.M 
Cornwall  might  bo  freed  for  k- 
is  now  the  current  charge.     \S  l\ 

the   cost  of  raising  1,000  gni 
100   ft.?     Mr.  Wm.  Waller  ^v.  , 
answer  this  question    in   a   paper 
communicated    to    tbe    Xortb   of  r.ng 
Mining   Engineers    during    1857.     Bj 
side  of  the  figures  as  to  the  assumed  Af 
cost  in  the  north  of  England  and  in 
j  Staffordshire,  he  places  data  obtained  i 
his  own  observation;*  relating  to  wa 
Should  any    one    object  that  thes«  artj 
parallel  cases,  he  submits  that  the  mil 
engine  works  under  more  advautagrutis  at* 
cumstxiDces;  for    this     reason,     thai 
necessarily  in  the  first  instance  suificiffl 
reduce  the  water,  afterwards  In  ' 
the  reduced  level,  it  is  workin^  m 

itti  power  and  under  very  eeois  li- 

tions  ;  whereas,  the  waterworks  -^ 

ing  to  contend  with  ever-vary  W 

with  extra  and  intermittt»nt  t :.  'k 

mcreased  friction  and  resist jUiLti  m  tf^ 
stricti^d  pipe  area,  is  under  every  4ii» 
advantage.  For  the  purpose  of  eojopttrirtJl, 
however,  colliery  and  wttterworku  eo^ioel 
nuay  be  considered  as  working  under  tonultf 
circumstances. 

A  most  important  differenee  in  the  6utf 
of  several  engines  in  the  same  tmdtsrtakiBf 
sometimes  transpires.  This  ii  e»p<eiiUj 
seen  in  the  case  of  the  East  London  Water- 
works Company.  It  is  stated  on  the  uil^ofv 
ty  of  Mr.  Wicksteed  kimself  tl.  d 

cost  of  lifting  a  million  foot-jM  a 

on  the  average  of  sever  i  illtinaii 

engines  is:     Siugle-ai  i  _         iidultoa 

and  Watt,  .543  pence;  doubl»#otiPf  OiffM^ 
Boulton  and  Watt,  *3&8  penod ;  dovblMCt* 
ing  engine,  Boulton  and  Watt,  .333  peo^ ; 
Single-acting  Cornish,  Harvey  and  C<>»,  JM* 
Whilst  the  water  company  aru  t>uppe«cd  to 
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ive  7s.  6d.  a  ton  for  their  ooal,  the  average 
f  the  East  London  was  10s.  6d. 
The  Southwark  and  Yaoxhall  Company's 
tal  cost  is  at  lOs.  a  ton  for  coal,  .084  pence  ; 
•  with  five-seyenths  for  labor,  repairs,  wear 
fed  temr,  ete.,  .144  pence. 
Tlie  Orand  Junction,  with  coal  at  148. 
L,  18  set  down  at  for  coal  alone,  .192,  while 
bor,  etc.,  added  .276  pence. 
The  Liverpool  Corporation  Works  present 
eoinpuison  more  nearly  approaching  the 
aend  pumping  arrangements  of  a  colliery*s 
\gmita — both  the  ordinary  crank  engine  and 
mush    type  are   used;  and   the   cost   of 
anping  is  given  with  ^eat  detail  and  ac- 
xaej.       There    are    in    Liverpool    seven 
feiioDB  with  nine  engines.     At  the  Bootle 
ition  there  were  three  engines,  each  with 
mm  mnd  crank,  and  a  single-acting  bucket 
mp,  and  worked  direct  from  the  beam  of 
eh    engine.     Only   two  of  these   engines 
ire   worked  together,  and  they  delivered 
rough   an  air-vessel.     At  the  Bevington 
lah  station  there  was  a  bucket-lift,  but  it 
s  altered  to  a  plunger,  and  at   once   the 
;al  cost  fell  from  .789  pence  to  .201  pence 
r  million  foot-pounds.     Most  of  the  cal- 
lationa  are   based  upon    the  returns  for 
49 ;  but,  as  indicative  of  the  great  saving 
be  effected  by  a  large  amount  of  duty 
rformed,  we  may  state  that  the  engine  at 
5     Green-lane    station    of  the   Liverpool 
»nipany,  which  is  Cornish,  with  a  56  in. 
linder,  and  a  9  ft.  stroke,  by  Harvey  and 
».,  which  raised  992,000,000  gallons  100  ft. 
a  total  cost  of  .222  in  that  year,  was  rais- 
5  in  1865  as  much  as  2,736,000,000  gal- 
la  that  height,  at  a  total  cost  of  .178  pence, 
B  cost  of  the  coal  used  being  6s.  lOd.  ton. 
id    when   the   Southwark   and   Vauxhall 
iaed   4,061,000,000  gallons,  with  coal  at 
to.  a  ton,  they  did  it  at  a  total  cost  of  .144 
Dce  per  million  foot-pounds.     The  cost  of 
al  alone  at  the  Green-lane  Liverpool  en- 
le  was  .075,  and  at  the  Southwark  and 
iiuhall,  .084. 

Hence  it  is  concluded  that  the  cost  of 
al  for  lifting  1,000  gallons  100  ft.  high,  or 
oiillion  foot-pounds,  need  never  exceed 
e-eighth  of  a  penny  where  Cornish  engines 
the  best  make  are  employed ;  and  that 
e  total  expense,  exclusive  of  the  interest 
capital  for  doing  this  amount  of  work, 
ght  be  within  one  farthing,  instead  of  two 
three  farthings,  which  it  often  is. 
"  The  Engineer  "  then  discusses  the  South 
ftffordshire  drainage,  which  is  now  a  tax 
the  ooal  raised  of  4^  per  ton. 


STRENGTH    AND     RE8I8TANC»     OF    Ma- 
TERIAL8. — In  a  paper  **  on  the  present 
state   of  knowledge  of  the  strength  and  re- 
sistance of  materials,*'  read  before  the  Insti- 
tution of  Civil  Engineers,  May  11, 1869,  Mr. 
Jules  Gaudard  stated  that  the  theory  in  the 
case  was  closely  connected  with  that  of  mole- 
cular mechanics.     But  being  a  branch  of 
that  science  altogether  of  practical  applica- 
tion, it  required  only  to  borrow  from  scientific 
theories  the  principles  on  which  to  base  rules 
of  construction,  simple  enough  to  be  of  gen- 
eral application  and  yet  sufficiently  exact  to 
be  used  with  confidence.     The  formulas  of 
strength  brought  into  view,  on  the  one  hand, 
the   destructive   action  of  external  forces, 
and,  on  the  other  hand,  the  resisting  power 
of  the  molecules  of  the  material.     External 
forces  were  of  two  kinds  :  one  kind  compris- 
ed elements  directly  given,  such,  for  example, 
as   weights ;  the   other    kind   consisted   of 
reactions — functions   of  given  forces.      In 
certain  cases  these  reactions  might  easily  be 
found  by  the  science  of  statics  alone,  as,  for 
example,  in  the  case  of  a  beam  placed  on  two 
supports  ;  in  other  cases  they  would  depend 
on  the  changes  of  form  of  the  solid.     It  was 
this,  for  example,  which  caused  the  difficulty 
of  calculation  in  arches  and  in  continuous 
beams  of  several  spans.     Or,  lastly,  it  might 
happen  that  the  body  in  question  might  not 
be  in  a  state  of  equilibrium,   but  that  its 
particles  might  oscillate  under  variable  dy- 
namic influences,  or  forces  of  inertia.     This 
was  the  case  of  concussions,  vibrations,  etc. 
These  various  external  forces  being  deter- 
mined, it  would  easily  be  seen  if  they  tended 
to  cause  certain  parts  of  the  solid  to  elongate, 
or  to  shorten,  or  to  shear,  or  to  turn  round 
certain  axes.     These  various  effects,  exten- 
sion, compression,  sliding,  torsion,  flexure, 
might  further  manifest  themselves  separate- 
Iv,  or  might  combine  with  each  other.     Un- 
der the   action   of  these   forces,   the   body 
would  necessarily  be  changed  in  form  ;  for 
solids  perfectly  rigid  were  only  pure  abstrac- 
tions.    The  study  of  these  changes  of  form 
constituted  the  object  of  the  theory  of  elas- 
ticity.    The  study  of  strength,  or  resistance, 
had  to  do  with  the  power  which  the  solid,  ac- 
cording to  its  physical  constitution,  possessed 
to   maintain,   if  not  its   form,   at  least  the 
cohesion  of  its  parts. 

The  author  then  proceeded  to  consider  the 
forces  of  various  kinds  to  which  materials 
were  subjected,  such  as  extension,  compres- 
sion, sliding,  flexure,  torsion,  and  shearing ; 
and  in  reference  to  all  these,  he  gave  the  re* 
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suits  and  formulae  of  the  iiio:^t  modern  in- 
vestigations I  exprettsing  them  at  i^uch  length 
as  to  make  them  intelligible,  but  with  suflici- 
cnt  conciseness  to  bring  them  within  reason- 
abl<j  limits  of  space. 

In  conclusion,  it  was  remarked  that  the 
theory  of  the  strength  and  resistance  of  ma- 
terials touched  obscure  problems  relating  to 
the  phjsiciil  constitution  of  bodies,  and  yet 
its  practical  character  obliged  it  to  be  simple. 
Another  motive,  also,  justified  the  departure 
from  rigorous  exactness,  that  was,  the  irre- 
gularity of  the  materials  facts  ;  if  it  WBS 
good,  in  effect,  to  associate  mathematical 
science  with  physieul  phenomena,  it  was  in- 


TUE  COMPUTATION  OF  EARTIWC 

From  '^  Enifinecrifif.* 

We  have,  from  time  tn  time.  LUq 
and  described  several «  ^  arrang 

for  the   mechanical    -  'i^m  rff 

work,  by  which  the  long  and  i 
tion  of  calculating  the  eubic  < 
cuttings  and  the  embankment 
can  be  substituted   for  it  prot 
inspection,  so  that  the  quantities  ca« 
gistered  expeditiously,  and  with  a  i 
chaaoe  of  error.     A  very  tngeDifioi 
ment  has  recently  been  designed  bv  ' 
H.  Barlow  for  this  purpose,  and  \ 
be  found  invaluable  for  making  the  n; 


contestable    that    these    two    elements,    one 

always  logical,  the  other  frequently  capri-  i  tations  necessary  for  framing  parlti 

cious,  were  often  separated  from  each  ether.  '  estimates ,  as   well  as  for  the  more 


earthwork  calculations  during  th«  [ 
of  actual  work.     The  instrument  cou 
a  wooden  circular  tray,  about  12  in 
meter,  in  which  are  set  cardboard 
volving  round  a  central  pin  fa^tcM 
tray,  and  having  engraved  on  their  [ 
ries  quantity  scales  of  relative  prop 
Upon  the  edge  of  the  tiay  i»  screwed 
stop,  terminating    in    a    flat  fiug«r, 
feather  edge  on  one  side  and  a  lefo  tttrrilKl 
ed  upon  its  end. 

The  cardboard  scalea  are  of  two 
the   height  scales,  referring   '  *^| 

embankments,  ranging  In  hei.  ^1 

75  ft.     These  are  engraved  U(  •   > 
diisc,  which   entirely  fills   the   ti.r*.  i 

IMPROVED  Road  Kcillkr, — Gen*  Green,  be  turned  round  within  it  upoo  tlif 
of  the  Croton  Aqueduct  Department,  pin;  the  zero  of  this  scale,  in 
New  York,  has  introduced  a  roller  consist-  inBtrumeut,  is  made  coincident  wiib  tU 
ing  of  a  series  of  independent  discs  some  1 J  !  feather  edge  of  the  brass  finger.  The  otinf 
in,  thick  (that  is  to  say,  1,^  in.  wide  on  the  is  called  the  quantity  scale,  and  is  app&f* 
tread),  and  a  series  of  alternate  discs  of  the  ble  for  all  widths  and  slopes  of  thr  i--'-^' 
same  width,  but  of  3  in,  less  diameter,  all  scales;  it  is  graduated  around  tht 
mounted  on  a   common  shaft,  so    that  the  1  circle,  and  represents  a  total  of  I' 


In  spite,  however,  of  thei^e  imperfections, 
the  theory  of  the  strength  and  resistance  of 
materials  in  its  present  state  constituted  an 
elegant  and  useful  doctrine,  which  ought  to 
be  better  known  by  the  majority  uf  construct- 
ing engineers,  so  much  did  it  tend  to  impress 
boldness  and  elegance  on  designs  of  all  kinds. 
In  any  case,  the  theory,  imperfect  though  it 
might  be,  had  the  great  advantage  of  gen- 
eralizing facts.  Empiricism,  if  left  to  itself, 
woidd  encumber  the  science  of  construction 
with  a  mass  of  rules »  without  reason  or  con- 
nection, well  calculated  to  repel  and  mystify 
practical  men* 


whole  roller   is   grooved  like  the  roll  of  an 

iron  mill  for  producing  IJ  in.  square  iron. 

As  each  disc  moves  independently  on   the 

shaft,  facility  of  turning  and  avoidance  of 

scraping  while  turning,  are  the  result.     But 

the  most  important  result — ^and  it  is  very  im* 

portant — ^is  the  increased  hardness  and  rmi- 

ffyrmity  of  the  road.     A  long  solid  roller 

can  hardly  be  made  heavy  enough  to  crush 

,  down   the   protruberancea  of  the   surface ; 

beoce  soft  or  uneven  places  arc  left  between 

them.     The  grooved  roller  easily  cuts  into 

♦rd  and  projecting  places,  pressing  the  ma- 

tal  laterally  as  well  as  vertically,  so  that 

hollows   are  filled  and  the  material  is 

irmly  condensed. 


riL 


yards.  This  disc,  is  about  I  in.  m 
diameter  than  the  outer  one,  which  a  uvtf* 
lies,  and  turns  freely  upon  iti*  <M»tjt*i?',  ill 
zero  corresponds  with  that  on  *  i^ 

brass  finger.     There  is  space  ^  w  iw* 

that  part  of  the  under  dise  expcnK^l  htj^^ 
the  edge  of  the  upper,  to  allow  of  fo«r  of 
five  height  scales  being  drawn  upon  it.  All 
these  scales,  by  preference,  refer  to  osw  ^ 
mat  ion  width,  with  varying  slopei ;  Mrptf>^ 
cards  being  prepared  for  difiereni  wiM^ 
and  which  can  be  easily  plaaed  on  tb«  tn/ 
by  unscrewing  the  stop  and  Uftiiif  of  tit 
upper  disc. 

Both  the  height  and  the  quaality  tftal^ 
are  but  the  ordiimry  t^arthwork  tftUa$|Tif^ 
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\Bj  stated.  In  coDstmcting  the  former, 
«  omlcalated  cubic  contents  of  a  bank  or 
ittinff,  of  a  certain  formation,  width,  and 
ie  slope,  forms  the  extent  of  the  scales, 
eh  of  the  subdivisions  of  which  represent 
e  quantity  contained  for  heights  deoreas- 
g  foot  bv  foot  to  nothing,  a  constant 
isth  of  66  ft.  being  maintained,  although, 

msired,  the  scale  may  be  divided  into 
0iter  lengths.  These  graduated  quanti- 
!•  being  thus  drawn,  are  projected  with 
ae  upon  the  circular  scales  of  the  disc, 
id  from  which  the  standard  quantity  scale 
II  be  laid  off. 

In  using  this  instrument,  the  height  scale 
kpted  to  the  intended  slopes  and  forma- 
Mi  width  is  selected,  and  its  zero  is  accu- 
laly  placed  against  the  feather  edge  of  the 
aoB  stop  by  means  of  a  pointer ;  the  disc 

tben  fastened  into  its  position  by  set 
rews.  Then  the  zero  of  the  quantity  scale, 
»e  to  revolve,  is  accurately  adjusted  to 
e  0  at  the  end  of  the  brass  stop.  The 
Bgitudinal  section  having  been  divided 
to  chain  lengths,  a  steel  pointer  is  placed 

the  rim  of  the  quantity  scale  exactly  op- 
rite  to  that  division  on  the  height  scale, 
lieh  correspoads  with  the  height  or  depth 
the  first  chain.  The  disc  is  then  brought 
and  until  the  pointer  touches  the  brass 
)p.  Proceeding  in  this  manner  with  each 
ain  length  in  the  bank  or  cutting,  the  total 
lantity  may  be  read  off  on  the  quantity 
ale  at  the  zero  of  the  brass  finger,  provid- 
i  the  quantity  does  not  exceed  100,000  c. 
rdSf  which  is  the  total  capacity  of  the 
mplete  graduated  circle.  If  the  whole 
ntents,  therefore,  exceed  100,000  cubic 
irds,  that  amount  must  be  added  to  every 
osplete  revolution  of  the  quantity  scale. 

is  obvious  that  the  use  of  this  instrument 
a  be  extended  to  computing  the  quantities 

be  added  or  deducted  for  any  formation 
idths  for  which  height  scales  are  not  pro- 
ded ;  if  the  earthwork  be  first  measured 
>  with  one  base,  and  afterwards  with  a 
laller  one,  the  difference  between  the  to- 
Is  will  give  the  cubic  contents  of  a  bank 

ontting,  with  a  formation  width  equal  to 
e  difference  between  the  two  bases  used  in 
.e  computation.  This  quantity  divided  by 
e  widtn  will  give  the  cubic  contents  per 
oi  of  formation. 

Although  as  designed  no  means  are  pro- 
ded  for  computing  the  contents  of  banks 

cuttings  upon  sidelong  ground,  it  is  ob- 
oos  that  this  could  be  effected  by  a  modifi- 
Ikm  of  the  quantity  scale,  which  could  be 


adjusted  to  correspond  with  varying  trans- 
verse slopes. 

Altogether  this  instrument  is  the  best 
adapted  for  its  purpose  that  we  have  seen, 
and  we  are  the  more  glad  to  bring  it  into 
prominent  notice  as  Mr.  Barlow  proposes  to 
devote  any  profits  arising  from  its  sale  to 
the  Benevolent  Fund  uf  the  Institution  of 
Civil  Engineers. 


GUIBAL'S  VENTILATING  FAN. 

From  a  paper  read  before  the  Institution  of  Meohan- 
ical  Engineers^  by  Mr.  J.  S.  £.  Swindell. 

The>  fan  employed  at  the  Homer  Hill  Col- 
liery, Cradley,  has  eight  vanes,  and  revolves 
on  a  horizontal  shaft  within  a  cylindrical 
casing  of  brickwork,  by  which  it  is  com- 
pletely enclosed  at  the  sides  and  circumfer- 
ence, with  the  exception  of  a  circular  aper- 
ture in  the  center  of  one  side  for  the  en- 
trance of  the  air  from  the  mine,  and  an 
outlet  opening  in  the  circumference  for  the 
discharge  of  the  air  into  the  outlet  chimney. 
The  area  of  the  outlet  opening  is  regulated 
by  an  adjustable  sliding  shutter,  according 
to  the  extent  of  ventilation  required ;  and 
the  outlet  chimney  is  built  with  a  gradually 
increasing  area  up  to  the  top,  so  as  to  reduce 
the  velocity  of  the  air  at  the  point  of  dis- 
charge, and  thereby  prevent  the  loss  of 
power  that  would  occur  in  discharging  it  at 
the  velocity  of  the  fan.  The  fan  is  driven 
direct  by  a  horizontal  steam  engine  working 
a  crank  on  the  end  of  the  fan  shaft  without 
the  intervention  of  any  gearing.  The.  fan 
is  16^  ft.  diameter  and  4|  ft.  width,  and  its 
usual  working  speed  is  26  revolutions  per 
minute,  discharging  13,500  cubic  ft.  of  air 
per  minute ;  and  it  can  be  got  up  in  only 
about  one  minute's  time  to  the  higher  speed 
of  96  revolutions  per  minute,  discharging 
then  51,700  cubic  ft.  of  air  per  minute.  The 
current  of  air  from  the  mine  passes  to  the 
ventilator  along  an  inclined  drift  leading  off 
from  the  upcast  shaft  at  a  little  depth  below 
the  top ;  and  the  top  of  the  upcast  shaft  is 
closed  by  a  movable  cover,  which  is  lifted 
by  the  ascending  cage  on  arriving  at  the 
top,  the  weight  of  the  cover  being  counter- 
balanced by  weights.  This  is  the  first  me- 
chanical ventilator  that  has  been  applied  in 
the  working  of  the  South  Staffordshire  Thick 
or  Ten- Yard  coal ;  and  it  has  now  been  run- 
ning about  nine  months,  without  a  single 
stoppage  for  repairs  of  any  description,  and 
is  doing  excellent  work,  the  total  cost  of  tho 
fan,  with  engines  and  connections,  being 
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only  sibout  one^third  of  that  of  as  ordinary 
Tentilating  furnace  for  producing  the  same 
amount  of  ventiladou.  A  comparison  of 
actual  working  between  the  furnace  and  the 
fan  at  a  colliery  in  the  north  of  England 
ehows  that  with  a  consumption  of  only  two- 
thirds  as  much  coal,  the  fan  supplies  nearly 
double  the  amount  of  air  obtained  with  the ! 
ventilating  furnace.  Several  of  the^e  ven- 
tilators are  now  at  work  at  collieries  in  dif- 
ferent parts  of  the  country^  some  of  which 
are  as  large  as  30  ft,  diameter  and  10  ft 
width,  capable  of  delivering  100,000  c.  ft. 
of  air  per  minute ;  and  they  are  m  free  from 
liability  to  get  out  of  order  that  no  acci- 
dents of  any  consequence  to  the  ventilation 
have  occurred  with  any  of  them. 


ULUMISATOG  POWTIR  OF  CO.\L  GAS. 

From  »  pftper  oo  '*  Expurimcntfl  od  the  Stnndards  of 
Comp»rieaD  Emplojed  fur  tcsUng  the  iUummaliDg 
Power  of  CoaI  Gm,*'  rend  by  Mr.  T.  K.  Kirkbanij 
M.  InaU  C.  £>  b«for«  tho  InfitimttOD  of  Civil  En- 
gineun. 

It  was  observed  that  the  standards  of 
comparison  at  present  in  use  were  known  to 
he  wanting  in  that  uniformity  of  result 
necessary  for  determining  with  accuracy  the 
difference  in  the  intensities  of  two  lights. 
But  as  the  amount  of  the  variation  had 
never  been  clearly  defined,  the  author  had 
instituted  a  series  of  experiments  for  the 
purpose  of  ascertaining  the  extent  of  these 
differences. 

The  instruments  employed  for  testing  the  il- 
luminating qualities  of  two  flames  were  found* 
ed  on  the  law  of  optics,  that  light  diverging 
from  a  luminous  centre  diminished  io  inten- 
eity  in  the  ratio  of  the  square  of  the  dis- 
tance. This  principle  had  been  taken  ad- 
vantage of  by  Count  Rumford  in  the  instru- 
ment known  as  the  **  Jet  Photometer, " 
which  was  described  ;  as  was  also  another 
method,  suggested  by  Professor  Bunsen, 
wliich  was  dependent  for  its  action  upon  the 
combination  of  reflected  and  transmitted 
light. 

In  Franco,  the  instrument  employed  was 
M.  Foucault*H  modiflcation  of  that  proposed 
by  Count  Rumford,  as  arranged  by  MM. 
Dumafi  and  Regnault;  while  the  standard 
of  comparison  waa  the  amount  of  light 
emitted  from  grammes  of  coka  oilt  special- 
ly prepared  and  verified,  burning  in  a  Careel 
lamp,  of  certain  fixed  proportions,  at  the 
rate  of  42  grammes  (MS  grains)  per  hour ; 
and  it  was  required  that  the  light  produced 
by  from  25  litres  to  27  J  litres  (.8625  to  \ 


.9707  of  a  cubic  foot)  of  ^n^,  ^qqiqmI 
Bengel  burner  of  known  (Iim<'it&i«Bi» 
be  of  etiual  power.     The  mode  of 
ing  an  experiment  with  thU  iati 
then   detailed  ;  and  it  wan  explaiull 
during  the  progress  of  the  expertiMil^J 
quantity  of  gas  was  regulated,  »olkl 
two  lights  should  be  maintained  of 
intensity.     In  this  way  it  wa»  poNilll' 
compare  the  consumption  of  oil  with 
the  gzLs,  and  if  the  lamp  had  bamed 
specified  rate  of  42  grammes  (548  ^ 
per  hour,  the  experiments  tthould  halt! 
completed  in  14  minutes  17  second*. 

In  Englund,  the  instrument  in  ti 
constructed  on  the  Bansen  prioctpk^ 
standard  of  comparison,  aa  dolbici 
of  Parliament,  was  a  sperm  candle, 
at  the  rate  of  120  grains  per  hoi 
gas  being  consumed  at  the  rate  of  5 
feet    per  hour,  through  an    Argand  " 
having  15  holes,  and  with  a  ehinioty 
high,  must  be  equal,  in  intonaiiy  uf  ' 
12  such  candles. 

The   instrument  by  me&na  of  wkkk 
experiments  were  made  by  tbi*  a*! 
also   constructed  on   the    Bun^tn  t.rt 
combining  all  the  moat  apf^ 
tions.     It  consisted  of  four  pJ 
at  ing  from  a  common  centre  ^ 
a  cross,  and  each  aecurately  wca 
ed,  and  fitted  with  every  applmneelo 
uniformity  and  precision. 

The  first  series  of  exp«rtjuenta 
dertnken  for  the  purpose,  if  |Miaaililt^ 
rising  at  the  amount  of  variation 
illuminating  power  of  candle§  <44^mI 
the  principal  mauufactisrera.  Qm  wm 
adopted  as  a  standard  of  comparifOQ «  ibI 
to  insure  nniforniity  in  iU  illamloilliz 
power,  a  eulBcient  quantity  for  can 
the  experiments  on  each  oci!a«ion  ^-^  »^ 
into  a  gasholder  in  the  labarmim.  Ikt 
tcruperature  in  the  latter  being  alwaj» 
tained  at  62"*  Fahrenheit.  U  thia 
each  of  the  four  photomet^rB 
with  candles  of  a  particular  malc«,  tm  At 
use  of  which  it  was  reatrieted  thnniA^w 
the  day,  every  suooesffiv#»  exper!m<»nt  Wia| 
made   with  a  separst  b# 

candles  were  cut  in   i  •« 

the  centre.  It  was  observed  ihat,  aiiWi|^ 
the  standard  candle  was  fixed  ky  Art  cf 
Parliament,  as  a  sperm  candle,  of  »ii  t9  ^ 
pound,  burnini,^  uniformly  at  th»  rat«  of  1^ 
grains  to  the  hour,  yet  no  muh  eaaib  «« 
to  be  obtained  ;  for  from  rariout  ^Matititf 
of  sperm  candles,  six  to  tha  {Nmnd,  fioav*' 
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ft  seTend  msDnfactnren,  the  average  rate 
sontnmption  was  135  grains.  This  fact 
L  been  preyionsly  demonstrated  by  the 
Aided  aeries  of  experiments  carried  out 
Professors  Graham,  Leeson,  Brande,  and 
^ffttj  in  1852.  The  Parliamentary  rate, 
il^  abnormid,  was  so  rarely  met  with,  that 
liberators  had  been  compelled  to  make 
^notions  for  these  variations,  and  had  nn- 
iMKWsly  adopted  the  ordpary  rule  of 
iple  proportion  for  the  purpose.  It  was 
yosed,  therefore,  in  the  analjrsis  of  the 
mms  exhibiting  the  results  of  the  ex- 
imeDts,  that  the  candles  burning  at  the 
B  of  135  grains  should  be  designated 
irmal  standard  candles,"  to  distinguish 
B  from  the  Parliamentary  standard  of 
grains. 

'•ommencing  with  experiments  Nos.  56 
58  ;  in  No.  56  with  a  consumption  of 
grains,  the  illuminating  power  of  the 
dard  gas  was  represented  as  15.8 
lies ;  whilst  in  No.  58,  with  a  consump- 
of  121.2  grains,  it  was  14.5  candles. 
difference  between  these  two  experi- 
toy  made  with  candles  which  happened 
B  nearly  within  the  Parliamentary  stand- 
was  .8  of  a  candle.  In  experiment 
51*  burning  the  normal  standard  quan- 
of  135  grains,  the  same  gas  was  repre- 
ed  as  being  15.48  candles ;  and  in  No. 
oooBuming  134.4  grains,  or  .6  of  a  grain 
,  it  was  16.28  candles,  the  difference  be- 
in  this  case  also  .8  of  a  candle.  In  expcri- 
it  No.  60,  with  a  consumption  of  134.7 
ns,  or  only  .3  of  a  grain  more,  the  gas 
shown  to  be  18.18  candles,  a  difference 
L70  candles  in  experiment  No.  51,  with 
»B8amption  of  129  grains  of  sperm,  the 
had  illuminating  power  12.6  candles. 
KKperiment  No.  52,  with  a  consumption 
L45.2  grains,  the  gas  appeared  to  be  12.6 
dies.  Experiment  No.  52,  with  a  con- 
iption  of  157.2  grains,  gave  the  gas  as 
)4  candles.  The  last  three  experiments 
e  examples  bf  candles  consuming  differ- 
qnantities  of  sperm,  yet  giving  practi- 
y  the  same  amount  of  light ;  the  correc- 
I  of  which  to  the  Parliamentary  standard 
120  grains  created  error.  Experiments 
I.  57  and  54,  each  with  the  same  con- 
iplion  of  130.2  grains,  showed  the  differ- 
e  in  the  illuminating  power  of  the  gas 
le  2.42  candles  ;  the  former  representing 
I  18.02,  and  the  latter  as  1544  candles. 
MM  were  examples  of  candles  burning  the 
te  quantity  of  sperm,  yet  giving  a  differ- 
amooni  of  light.     The  greatest  differ- 


ence in  the  illuminating  power  of  the 
''  standard  gas  as  shown  throughout  the  forty- 
four  experiments  made  upon  this  day,  was 
4.60  candles ;  being  between  experiment 
No.  51,  with  a  consumption  of  129  grains, 
giving  an  illuminating  power  of  13.58 
candles,  and  experiment  No.  60,  consuming 
134.7  grains,  representing  the  gas  to  be 
18.18  candles. 

An  examination  of  the  various  diagrams 
would  demonstrate,  that  the  differences  in 
the  candles  might  be  classed  under  five 
heads  ;  viz..  First.  Differences  in  the  illu- 
minating power  of  Parliamentary  standard 
candles,  burning  at  the  rate  of  120  grains 
per  hour.  Secondly.  Differences  in  the 
illuminating  power  of  normal  standard 
candles,  burning  at  the  rate  of  135  grains 
per  hour.  Thirdly.  Candles  with  different 
rates  of  consumption,  giving  the  same  amount 
of  light.  Fourthly.  Candles  with  the  same 
rates  of  consumption,  giving  a  different 
amount  of  light.  And  fifthly.  Greatest  dif- 
ferences of  illuminating  power,  in  the  whole 
number  of  experiments  when  corrected  to 
the  Parliamentary  standard. 

From  the  tabulated  results  of  three  other 
sets  of  experiments,  it  appeared  that,  in  the 
first,  when  the  consumption  of  sperm  varied 
from  109.2  to  134.4  grains,  the  greatest 
difference  in  the  illuminating  power  of  the 
gas,  corrected  to  the  Parliamentary  stand- 
ard, was  4.59  candles  ;  in  the  second,  when 
the  consumption  ranged  from  120.9  to  130.8 
grains,  the  difference  in  the  illuminating 
power  was  3.06  candles  ;  while  in  the  third, 
with  a  consumption  of  from  120  to  142.5 
grains,  the  difference  was  4.21  candles. 

The  second,  third,  and  fourth  series  of 
experiments  were  made  with  candles  obtain- 
ed from  one  manufacturer  only.  As  an  ex- 
ample of  the  results  arrived  at  by  the  second 
series,  it  was  stated  that  with  a  consumption 
of  sperm  varying  from  129.6  to  130.2  grains, 
the  greatest  difference  in  the  illuminating 
power  was  2.26  candles. 

Third  series  of  experiments  was  made  for 
the  purpose  of  ascertaining  whether  the 
French  standard  of  comparison,  when  used 
at  a  photometer  on  the  Bunsen  principle, 
was  more  reliable  than  the  candle.  It  was 
thus  found,  that  when  the  lamps  were  allow- 
ed to  burn  without  any  regular  system  of 
trimming,  the  variations  were  about  as  sreat 
as  those  of  the  candles  ;  but  when  the  lamp 
was  trimmed  before  the  commencement  of 
each  experiment,  the  variation  was  about  the 
same  as  with  the  best  candles.     It  was  pro- 
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bable  that  tbe  result  would  bave  been  better, 
if  the  time  allowed  for  taking  the  obs^va- 
tions  had  been  fifteen  minutes  instead  of  ten 
iitiDutes ;  for  the  lamp  when  filled  weighed 
10  lb.,  and  the  balance  emplojed  would  not 
turn  to  less  than  a  grain.  Subsequent  ex- 
periments corroborated  this  supposition. 
Of  this  series  the  examples  selected  show- 
ed, in  one  case,  that  the  greatest  difference 
in  the  illuminating  power  of  the  gas  was 
1.69  candle,  with  a  consumption  of  sperm 
ranging  between  130.5  and  124.5  grains.  In 
another  etise  the  greatest  difTerence  in  illu- 
minating power,  corrected  to  the  standard 
consimiption  of  1U8  grains  of  oil  in  ten 
minuteB,  shown  in  the  whole  number  of  ex- 
periments, was  2,S  candles,  when  the  time 
required  for  the  cousumption  of  108  grains 
of  oil  by  the  lamps  was  respectively  9 
minutes  ii9  seconds  and  10  minutes  3 J 
seconds. 

For  several  years  past  the  author  hiid  had 
in  operation  one  of  Mr.  Lowe's  jet  photo- , 
meters,  for  the  purpose  of  indit-atiug  the  , 
illuminating  power  of  the  gas  as  it  wan  be- 
ing manufuoturcd.  As  its  apparent  aecuniey 
eeemed  to  promise  a  more  reliable  means  of 
determing  thts  illumiuutirig  power  of  gas,  it 
was  decided  to  carry  out  a  fourth  series  of 
experiments,  with  a  vii^w  to  discover  the 
relation  between  the  indications  of  this  in- 
strument and  those  of  the  French  and  En- 
glish standards.  At  the  "Cross"  photo- 
meter, three  consecutive  experiments  were 
made  upon  the  quality  of  the  gas,  compared  | 
with  four  candles  burning  at  the  same  time. 
The  results  of  these  twelve  experiments  were 
then  averaged,  and  accepted  as  the  illumi- 
nating power  of  the  gas  in  each  case.  An- 
other operator  was  at  the  same  time  engaged 
at  the  Dumas  and  Eegnault  photometer,  and 
the  average  of  these  experiments  was  also 
taken  as  representing  the  illuminating  power 
of  the  gas.  Two  of  Mr,  Lowe's  jet  photo- 
meters, fitted  precisely  alike,  were  in  opera* 
tion  throughout  these  experiments ;  the 
orifice  in  each  jet  being  of  the  same  size,  so , 
that  at  any  given  pressure  the  height  of  the 
flame  from  each  would  be  the  same.  The 
pressure  at  the  point  of  ignition  was  regulat- 
ed so  as  to  give  a  flame  exactly  7  in.  in 
height  and  that  pressure  was  duly  recorded. 
The  height  of  the  flame  at  a  pressure  of  .(3 
of  an  inch  was  also  observed,  as  well  as  the  \ 
time  required  for  the  issue  of  ,1  of  a  cubic 
foot  of  gas  under  each  of  these  pressures. 

A  diagram  was  prepared,  showing  the  re- 
suite  of  dimult^neous  ejLperimenta   for   afi- 


''>deii 


eertaining  the  illnminatini?  nowi? 
ent  qualities,  by  two   diti 
at  present  existing,  and  bj  ^l^.  y.^ 
of  testing  by  the  jet.      On  thi« 
diagonal  line  had  been  drawn,  which  i 
ed  the  theory  of  anecrtaining  th«  dlu 
ing  power  of  gas  by  meai»      :    '     d  i 
meter,  worked  on  the  **  K 
which  might  be  thus  stutt:d  :  .Moiut 
7-in.  flame  from  an  orifice  of  certais 
dimensions,  the  illuminating   poir 
gas  was  in  direct  proportion,  invi 
the  pressure. 

This  diagonal  line  being  Gonsid^ndi 
**  standard    Tin,    flame/ ^  according  ti 
theory  just  advanced,  it  was  obserrtd  I 
the  average  results  of  twelve  experi 
very  nearly  coincided  with  the  theorj ; 
at  pressures  of  .40,  .51,  .63,  .^,  aftd. 
an  inch  this  was  especially  the  caw, 
highest  and  the   lowest  candk  cxp 
were    completely   cut   by  the  line, 
lamp  experiments  also  tended  gene 
prove  the  theory. 

Another  diagram,  repreacoting  llit  < 
tion  test  corret^pouding  with   the  rel 
scale,  showed  the  time  re<juircd  (ot  ibA 
of  .1   of  a  cubic    foot  of  gas,  of  a 
illuminating  power,  miuotaiuing  a  7  ii 
from  the  jet   photometer.      Thi?  uae 
duration  test  was  to  check   the  wti 
the  jet  photometer*  aod  to  afford  a  i 
discovering   any    irregularities   thai 
occur  in  the  apparatus.     An  au  ejcaa 
its  use,  it  was  seen  by  thi«  retr<»grade  « 
that  gas  having  an  illuminating  power  < 
candles  gave  a  7  in.  flame  at  a   pr 
.63  of  an  inch  ;  and  upon  rrfcrrtnjr  f^  ^ 
duration  test  it  would  be  : 
cubic  foot  of  gas  of  that  ii 
ought    to    maintain    that    tiame    T< 
minutes,     Should  there  be  any  oon-< .    - 
deviation,  it  was  an  tividenco  of  €ome  ^ 
rangemcnt  in  the  apparatus. 

From  these  experiments  the  author  hdUf* 
ed  it  was  evident  that  a  uion*  reliable  oecW 
than  that  at  pre^^ent  in  us^  for  dct^emtii^^ 
correct  illuminating  power  of  thv  gai  Ml^ 
plied  to  the  public  waa  urgently  ac<i4ei^ 
and  he  thought  the  following  syKten  VQvU 
be  found  to  give  results  approaching  ■am*'^ 
ly  as  practicable  to  a  truthful  eMinuUo :  l3 
the  illuminating  power  of  the  ga*  far  ijH*r- 
mined  by  the  aid  of  the  memmt  rttMwd 
photometer,  fitted  with  a  Caroel  l«BKp,lMft» 
ing  oil  of  the  same  quality,  and  wriM  ^ 
the  same  manner  as  that  adopted  bf  tW 
muaieipality   of  Paria  aa  a   standanl ;  ^ 


VAN  NOSTRAND'S  ENGINEERING  MAGAZINE. 


655 


lift  *  sufficient  number  of  experiments  be 
~  E  80  u  to  cover  the  errors  that  were 
to  exist,  and  the  average  of  these  be 
Bpared  with  the  illuminating  power,  as 
by  the  jet  photometer  and  the  dura- 
Bon  test,  and  then  the  *'  mean  of  compari- 
■en**  might  be  taken  as  the  illuminating 
pover  of  the  gas. 


ENiMELING  ASD  POUSHING. 

<<Th6  Art  of   House  DeooratioD>"   hj  Mr. 
Sutherland. 

In  speaking  of  enamel,  it  must  be  under- 
stood as  polished  paint  on  the  surface  of 
woodwork,  such  as  doors,  architraves,  win- 
shutters,  etc.,  etc.  Enameling  and 
bing  is  an  art  which  requires  the  ex- 
of  the  greatest  care  and  patience  in 
its  execution.  A  little  carelessness  or  inat- 
lantion  at  the  finish  may  undo  the  work  of 
Jajs.  The  work  will  not  bear  any  hurry, 
sitlier  in  the  material  or  labor,  but  must  go 
kbrough  its  regular  course,  have  its  proper 
line  to  harden  between  each  coat  and  pro- 
seas  ;  and  the  rubbing  down  must  be  paticnt- 
Ij  and  gently  done — ^heavy  pressure  will 
only  defeat  the  end  in  view.  Great  care 
ihonld  be  taken  in  the  selection  of  the 
pmmice-etone,  both  lump  and  ground,  as  the 
sluthtest  particle  of  grit  or  hard  pressure 
wiU  scratch,  and  thus  cause  hours  of  labor 
to  be  thrown  away. 

In  describing  the  material  used  for  the 
purpose,  we  shall  only  describe  that  which 
we  consider  best  suited  for  getting  up  the 
white  or  light-tinted  enamel.  There  are 
several  kincLs  of  filling  up  color  used  and 
sold  by  the  colorman,  but  most  of  them  are 
of  a  dark  color,  not  suited  for  light  work,  as 
tbiey  require  so  many  coats  of  paint  after- 
wards, to  get  a  pure  body  of  color,  that  it 
defeats  its  own  object.  In  practice,  we  find 
it  best  to  fill  up  from  the  first  with  the  same 
tint  of  color  we  intend  to  finish  with,  thus 
forming  a  solid  body  of  pure  color,*  which  will 
bear  much  rubbing  down  without  being 
shady.  For  all  dark  grounds,  which  have  to 
be  finished  a  dark  color,  the  black  or  dark 
iUing  is  the  best. 

The  tools  and  material  required  are  as 
foUowB,  vis  : 

1.  White  lead  ground  in  turpentine,  and 
best  white  lead  in  oil. 

2.  A  clear,  quick,  and  hard-drying  varn- 
ish, such  as  best  copal,  Manders  Brothers' 
white  coburg,  and  white  enamel  varnish,  etc., 
etc. 


3.  Ground  and  lump  pumice-stone,  or  putty 
powder. 

4.  Rotten  stone,  ground  in  water  or  oil. 

5.  Some  white  felt,  from  a  quarter  to  half 
an  inch  in  thickness,  and  of  the  best  quality. 

6.  Several  flat  wooden  blocks,  of  various 
sizes  and  forms,  suitable  for  getting  into 
corners  and  mouldings ;  these  must  be  cover- 
ed with  the  felt  on  the  side  you  intend  to 
use. 

7.  Two  or  three  bosses  made  with  cotton 
wool,  and  covered  with  silk. 

8.  Sponge,  and  wash  or  chamois  leather. 
In  order  to  simplify  the  description,  we 

will  take  a  plain  panel  to  operate  upon.  If 
it  is  new,  give  it  two  coats  of  oil  color,  mix- 
ed in  the  ordinary  way  ;  now  mix  the  white 
lead,  ground  in  turps,  with  only  a  sufficient 
quantity  of  varnish  to  bind  it  with,  thinning 
to  a  proper  consistency  with  turps.  It  is  as 
well  to  add  a  little  of  the  ordinary  white 
lead,  ground  in  oil,  as  it  helps  to  prevent 
cracking.  Give  the  panel  four  or  five  coats 
of  this  mixture,  leaving  a  sufficient  interval 
between  each  coat  to  allow  it  to  dry  well. 
Let  it  stand  for  a  few  days,  until  it  is  hard 
enough  to  rub  down.  When  it  is  ready,  you 
may  rub  it  down,  first  with  a  soft  piece  of 
lump  pumice-stone  and  water,  to  take  ofi"  the 
rough  parts.  Now  use  the  felt  and  ground 
pumice-stone,  and  cut  it  down,  working  the 
hand  in  a  circular  form  or  manner.  You 
will  require  to  exercise  much  care  and  pati- 
ence to  rub  it  down  to  a  level  surface,  and 
without  scratches.  When  you  have  got  it 
down  level,  if  it  is  scratched  or  not  sufficient- 
ly filled  up,  give  it  one  or  two  more  coats, 
laying  it  on  as  smoothly  as  you  can,  and  rub 
down  as  before.  If  done  properly,  it  will 
now  be  perfectly  smooth,  level,  and  free  from 
scratches ;  wash  well  down,  and  be  careful  to 
clean  off  all  grit  or  loose  pumice-stone.  Now 
mix  flake  white  from  the  tube  with  the  before- 
named  varnish,  till  it  is  of  the  consistency  of 
cream.  Give  one  coat  of  this  ;  when  dry,  give 
another,  adding  more  varnish  to  it.  Now,  let 
this  dry  hard,  the  time  for  which  will  of 
course  depend  upon  the  drving  qualities 
of  the  varnish ;  some  will  polish  in  eight  or 
nine  days,  but  it  is  much  the  best  to  let  it 
stand  as  long  as  you  possibly  can,  as  the  harder 
it  is  the  brighter  and  more  enduring  will  be 
the  polish.  When  it  is  sufficiently  hard,  use 
the  felt  and  very  finely  ground  pumice-stone 
and  water  ;  with  this  cut  down  until  you  get  it 
;  perfectly  smooth  ;  now  let  it  stand  for  a 
couple  of  days  to  harden  the  surface,  then 
take  rotten  stone,  either  in  oil  or  water,  use 
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thiii  with  the  felt  for  a  little  wbite^  then  put 
some  upon  the  ^surface  of  the  silk  boR8»  and 
gentlj  rub  the  pfinel  with  it»  renewing  the 
rotten  stone  as  required.  It  is  alwap  bett<jr 
to  rub  in  a  circle  than  straight  up  and  down, 
or  across,  Gontiuue  this  until  you  have  got 
it  to  a  fine  er|ual  surface  all  over ;  it  will 
begin  to  poli>jh  as  you  go  on,  but  it  will  be 
a  dull  &ort  of  polish.  Clean  off — if  the  rot- 
ten stone  is  in  oil,  clean  off  with  dry  flour ; 
if  in  water,  wai^h  off  with  sponge  and  leather, 
taking  care  that  you  wash  it  perfectly  clean, 
and  do  not  scratch.  Ynu  will  now,  after 
having  washed  your  hand^  perfectly  clean, 
use  a  clean  damp  chamois  leather,  holding  it 
in  the  left  hand,  uaing  the  right  to  polish 
with,  keeping  it  clean  by  frequently  drawing 
it  over  the  damp  leather.  Now  U8e  the  ball 
of  the  right  hand,  press  gently  upon  the 
piinel,  and  draw  your  hand  forward  or  to* 
wards  you  ;  if  you  do  this  properly,  it  will 
bring  up  a  bright  pulish  on  the  work,  and 
every  time  you  bring  your  hand  fonsard  a 
aharp  shrill  sound  or  whistle  will  be  produced 
— if  this  is  the  cane,  you  may  be  sure  you 
are  in  the  right  path.  Continue  this  until 
the  whole  i^urface  is  of  one  even  bright 
polish.  It  will  be  some  time,  and  will  re- 
quire much  practice,  before  you  will  be  able 
to  do  this  in  the  best  manner ;  but  with  per- 
severance and  practice  the  difficulty  will  soon 
vanish.  A  soft  smooth  skin  is  best  for  pol- 
ishing; if  it  is  dry  and  hard  it  is  apt  to 
scratch .  The  latter  part  of  these  instruc- 
tions referring  to  the  polishing,  will,  of  course, 
apply  to  polishing  upon  imitation  woods  and 
marbles,  or  on  any  polishing  varnish,  using 
the  varnish  pure,  of  course* 


nEATKG  CARS  BY  STEAiL 

TranalAted  from  **Poljt.  ContralbUtt/' 

Practical  experiments  on  a  large  scale 
have  been  made  in  Germany  on  this  subject, 
especially  by  the  Brunswick  Government 
R.  R.,  the  Prussian  Eastern  R,  li.,  the 
Hauovenan  Oovernment  K.  K*,  and  the 
Lower  8ilesian  K.  R. 

On  the  Brunswick  R*  R.  the  steam  waa 
taken  from  the  boiler  of  the  locomotive, 
passing  through  a  small  eock  of  1  j  in.  inte- 
rior diameter,  into  a  large  pipe  of  copper 
about  20  in.  in  diameter.  Two  such  copper 
pipeB  were  laid  lengthwise  below  the  floor  of 
each  passenger  car,  and  connected  by  hose 
with  the  pipes  of  the  adjacent  cars.  The 
pipes  were  covered  by  a  grate  along  the 
walking  floor*     Under  the  seats  they  were 


covered  by  a  wide  box  of  sheel  trot 

front  so  as  to  let  the  heat  into  the 

ment  and  to  protect  the  seats  from 

mediate  radiation.     Theai*  arrangr : 

fected  an  increase  of  temperator*  tii 

of  about  25*'  F.^  whieh  is  quite  a  £iT«nlb] 

result. 

On  the  Prussian  Eastern  R.  K.  ibr 
ing  by  steam  of  the  paai^enger  and 
cars  of  the  express  trains  was  inl 
January,  1865.     The  Bteam  h 
a  small  tubular  boiler  atanding  rn  t 
partment  of  the  baggage  car,  and  ! 
along  the  train  through  a  1|  in*  i^^ 
to  the  lower  part  of  the  wagons,    Th« 
mum  steam  pree^gure  is   30  lb.     The 
are  joined  by  caoutchouc  ho*»e  betwecB 
wagon.«}.     The  heating  of  the  com] 
is    effected    by    hollow  cylinder?*  c 
below  with  the  above  described  tnam 
The  admission  of  the  steam  into  the 
ders  is  regulated  bj  cocks  or  valT^ 
the  outside  of  the  wagons «     II  ka»  ikot 
found  convenient  to  have  thii 
done  by  the  passengers  froni  Ihf 
the  compartments,  and  all  the 
put  in  at  first  for  this  purpose  had  t^  btl 
moved.    The  temperature  in  the  wigooicll 
easily  be  increased  50**  F, 

The   steam   pressure    is  very  Maily  Al 
same  over  three  wagon  length:*,  and  cmtih 
fjuently  the  heating  power  of  the  erlbitfi 
is   about   equal    in   the    first  t^ —  ^-^.. 
The  above  arrangements  wonl^ 
sufficient  for  a  larger   nuuiVrr 
tions  nor  diffieulties  of  an  v  m  jn  ,^  .-     '•■.■> 
been   met  with  in  using   this  hynUm,    Tk 
trains   are    running   regularly   over  a  ^ 
tance  of  several  hundred  miles.     Th# 
sumption  of  coal  is  about  1  j  lb.  per 
mile,  thus  causing  but  a  very  small  espiM» 

The  Hanoverian  Government  K*  E.  fH* 
daily  two  mail  trains,  with  vteam  brttta^, 
between  Cologne  and  Berlin.  The  bU»au 
generated  in  a  small  tubular  boiler  jmX  vp 
in  a  compartment  of  the  baggage  car.  Tkt 
heating  pipes  are  laid  through  the  can 
lengthwise,  their  axis  being  about  it  tbtf 
level  of  the  floor.  The  wmgom  of  vm  trsSfl 
contain  four  parallel  pipes  of  inxmrti  ^'f^^ 
those  of  the  other  train  eontain  wit  W 
pipes  of  sheet  iron.  Both  kiiid«  of  pip^ 
have  a  diameter  of  2^  in.  T^fj  •** 
situated  at  a  height  of  but  out  ^<^ 

the  passenger  seats,  and  looatt  n^* 

mediately  below  the  floor,  so  ih«l  i  ^^^^ 
sheet  of  irou  with  which  thej  an?  cixftf*^  ^ 
ev^n  with   the  floor  IcveK     The  emMWi^ 
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le  heat  takes  place  principally  below  the 
i,  where  the  pipes  are  uncovered.  This 
uUion  ean  be  lessened  and  regulated  by 
es  80  arranged  as  to  cover  the  pipes 
I  or  less.  The  valves  can  be  worked 
I  the  outside  of  the  cars  by  the  em- 
ees,  as  well  as  from  the  inside  by  the 
engers.  On  the  first  trial  of  these  heat- 
irrangements  the  temperature  of  the  air 
rmiaed  from  41**  to  about  60*  F.  The 
amption  of  coal  amounted  to  25  lb.  per 
\  during  which  time  175  lb.  of  water 
I  used.  The  whole  arrangement  has 
I  found  good  and  convenient.  Further 
trienee  will  show  if  it  will  prove  suffi- 
ilj  effective  in  severe  frost. 
he  steam  heating  machinery  actually  in 
ae  of  construction  on  the  Lower  Silesian 
oad  is  similar  in  principle  to  that  of  the 
overian  railroad.  The  details  are  not 
known.  S. 


IRON  AND  STEEL  NOTE& 

ICOH    A90    SULPHUK   IN    CaST   IkON. — Thc  fol- 

owiDg  practical  remarks,  on  the  making  of  pig 
are  culled  by  the  "  American  Exchange  and 
ew,"  chiefly  from  the  new  edition  of  Kerl's 
Jlurgy,  by  Dr.  Crookes  : 
heu  canting  pig  iron  in  cast-hon  moulds  (chills), 
II  be  found  that  thc  least  silicon  is  contained  in 
owcr  part  of  the  pig,  on  the  other  hand  most 
le  combined  carbon  ;  whilst  the  upper  part  of 
pig  is  richer  in  silicon  and  other  subst^mccs 
h  may  separate.  In  such  cases  most  of  the 
ganese  will  also  be  found  in  the  upper  part. 
Q  casting  pig  iron  in  moist  sand,  the  lower  part 
ic  pig  is  less  modified.  It  is  therefore  advisu- 
to  cast  good  forge  pigs  in  cast-iron  moulds 
linf^  thin  plates. 

le  following  plans  may  be  adopted  for  pntducing 
foo  poor  in  silicon  :  Employing  low  tcmpera- 
I  and  carbonizing  the  iron  as  perfectly  as  possi- 
or  if  a  higher  temperature  is  required,  employ- 
admixtures  of  lime  to  render  basic  the  sufli- 
fcly  aluminous  mixtures  from  which  silicon  is 
ced.  with  more  difficulty  than  from  silicious 
lares  poor  in  alumina;  and,  finally,  adding 
noiferous  fluxes.  The  latter  fluxes  partly  ren- 
vbt  mixture  easier  to  fuse,  and  thc  manganese 
bines  with  the  silicon  and  separates  on  the  sur- 
of  the  liquid  iron.  Acc<jrding  to  Lohage, 
gaiiese.  as  well  asaluminium,  also  facilitates  thc 
ration  of  silicon  at  the  smelting  of  Ciut  steel, 
ood  gray  foundry  pig  iron  may  contain  as  much 
ffo  per  cent  of  silicon;  if  containing  a  larger 
UBt,  it  is  harder  and  less  strong,  but  it  may  be 
ruved  by  remeltiug,  when  part  of  the  silicon 
be  separated.  Such  inm,  containing  an  excess 
Uicon,  if  fine  gained,  of  light  color,  has  but 
B  luirtre,  and  solidifles  quickly. 
orge  pig  inm  suffers  more  loss  by  scoriflcation 
Dion.*  silicon  it  contains;  it  may,  nevertheless, 
iifirc  advautagi'ous  to  produce  pig  iron  rich  in 
oo  and  poor  in  sulphur,  when  treating  impure 
St  a  high  temiierature,  tliau  by  employing  a 
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low  temperature  to  produce  iron  poorer  in  silicon 
and  richer  in  sulphur,  as  silicon  may  be  more  per- 
fectly separated  than  sulphur.  The  state  of  combi- 
nation of  the  silicon  essentially  influences  the  be- 
havior of  the  iron  at  its  conversion  into  malleablo 
iron. 

Lohage  suggests  that  gray  forge  iron  should  con- 
tain at  least  two  per  cent  of  silicon  in  order  to  form 
a  slag  which  shall  thus  preserve  the  iron  from  far- 
ther oxidation;  and  as  the  silicon  first  oxidises, 
time  is  allowed  for  the  separation  of  sulphur  and 
phosphorus.  Forge  iron  containing  about  1.6  per 
cent  of  silicon  is  not  usually  desirable. 

The  higher  sulphides  lose  in  the  upper  parts  of  the 
furnace  part  of  their  sulphur,  with  iron,  if  iron  is 
present  in  a  reduced  state,  and  if  the  temperature 
is  sufficiently  high.  The  sulphur  in  pig  iron  do^ 
not  seem  to  be  always  combined  with  iron,  but  some- 
times with  silicon.  Schafh&utl  ment  ions  an  instance, 
that  at  the  tapping  of  pig  iron  in  the  Tividale  iron 
works^  near  Dudley,  sulphide  of  silicon,  of  the  com- 
position Si*S',  analogous  to  the  oxide  of  silicon,  was 
separated  in  the  form  of  a  whitish-yellow,  spongy, 
earthy  substance.  The  sulphur  is' fluently  not 
divided  uniformly  in  the  pig  iron,  and  in  the  com- 
mon pigs  collects  more  in  the  upper  part  than  in  the 
lower  part. 

Additions  of  lime  whilst  applying  higher  temper- 
atures, thus  forming  sulphide  of  calcium,  which  has 
the  property  of  dissolving  other  metallic  sulphides 
(sulphides  of  iron,  manganese,  etc.),  and  of  sending 
them  into  the  slag.  This  re-agent  is  more  effbctive 
if  the  sulphur  is  contained  le^is  in  the  ore  than  in 
the  gangue,  fuel  and  fluxes,  as,  in  the  latter  case, 
sulphide  of  iron  is  not  at  first  formed,  but  sulphide 
of  calcium,  which  directly  enters  the  slag.  Slags 
produced  at  Hattingen,  f^om  iron  pyrites  of  the  coal 
measures,  contained  fVom  four  to  six  and  a  half  per 
cent  of  sulphide  of  calcium. 

THE  Ghkmistrt  or  THE  Blast  Furnace. — The 
following  ai-e  the  principal  points  in  the  recent 
p:iper  of  Mr.  I.  Lowthian  Bell,  read  before  the 
Chemical  Society: 

Scheerer,  Tunnor  and  Ebelman,  who  have  made 
experiments  on  the  subject,  have  laid  down  with 
apparent  precision  the  parts  of  the  furnace,  and  the 
temperatures  at  which  the  different  stages  of  the 
manuf^ture  of  iron — the  reduction  of  the  oxide  and 
the  union  of  the  iron  with  carbon — take  place.  The 
former  is  commonly  supposed  to  happen  at  a  very 
considerable  temperature,  while  the  latter  is  com- 
monly believed  to  take  place  in  the  hottest  part  of 
the  f\irnace.  Mr.  Bell  has  arrived  at  conclusions 
altogether  different.  His  results  go  to  prove  that 
the  deoxidation  of  the  ore  takes  place  at  a  compar- 
atively low  temi>erature,  and  that  the  carburixation 
is  effected  long  before  the  metal  is  liquified  and 
separated  from  t\w  slag. 

Mr.  Bell  dissents  from  Schccrer*s  representa- 
tion of  thc  various  changes  that  go  on  in  the  blast- 
furnace, as  taking  place  in  sones;  and  he  seems  to 
attach  much  more  significance  to  the  term  used  bv 
Scheerer  than  need  be.  The  "  Mining  Journal  " 
says  :  We  are  disposed  to  consider  that  the  zones 
spoken  of  by  Scheerer,  where  the  reduction,  car- 
buration  and  fusion  (»f  tlie  metal  take  place,  are  so 
far  real  that  they  are  at  least  relatively  diflerent 
parts  of  the  blast  furuaw,  not,  indtnid,  definable  by 
absolute  lines,  but  still  in  a  cerCain  degn^e  distinct. 
That  in  certain  furnaces  the  sone  of  reduction  should 
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lend  to  a«Rume  tlie  form  of  un  ucwte  cone,  ratber 
thiin  a  layer  with  liorizontal  bnundnrieH,  ia  quite 
conci^iviible;  but  whatever  bo  the  ctmrtgurution  of  its 
Terticftl  or  horizontal  areas,  it  is  not  the  less  distinct 
and  different  firom  the  zones  of  fusion,  curbiiration 
and  calciuation,  where  i>roc4^s,Hes  of  a  different  nature 
nrv  in  progress. 

The  Attainable  economy  of  fuel  id  snieltlng  iron 
is  anulher  puint  to  which  Mr-  Bell  directed  at  ten* 
tiun.  When  it  is  cousidered  that  tJoniething  like  I 
two  and  one-half  tons  of  coal  are  coii^Hiimed  iu  pro-  ' 
dating  ooe  ton  of  pig  iron,  even  when  hot  bhust  is 
used;  and  that  to  effect  the  chemical  chauge  of 
smf^lting,  only  eight  hundred  weight  of  coal  arc 
Deeded,  still  leaving  one-half  of  the  heating  power 
of  that  coal  unapplied,  and  a v^a  11  able  for  further  uiie, 
the  great  importance  of  devising  means  of  ecooo- 
miziog  ftiel  io  thisoiwration  will  be  obvioiia.  More 
than  four-fltlh8  of  the  coal  consumed  in  prrxiucing 
pig  Iron,  is  consumed  in  raising  the  temperature  of 
the  charge  to  eflect  fusion,  and  that  is  done  ujider  , 
the  most  disadvafitageoua  circumstances  as  regards 
protinction  of  heat. 

The  gases  escaping  IVoni  the  throat  of  a  blast  fur- 
nace have  not  only  a  large  amount  of  nnuiJed  heat- 
getterating  ptjwer,  but  they  have  also  a  temperatnre 
and  reducing  power  capable  of  preparing  ore  ff*r 
the  subsequent  processifs  of  the  blat^t  furnace.  In 
the  Cleveland  dititrict  economy  in  this  direction  has 
been  carried  to  a  considt(*rable  extent,  by  increasing 
Umj  height  of  the  furnace,  and  thus  taking  off  the 
gms  at  a  lower  temperatnrc  than  is  sometimes  the  I 
case ehsewhere.  But  it  is  from  the  higher  heating 
of  the  blast  thatgreut<*r  ecommiy  is  now  to  l>e  looked 
for.  The  idea  that  hot  blast  deteriorates  the  quality 
of  iron  is  now  pretty  well  exploded,  and  there  h  no 
reas^Jii  that  some  advance  should  not  be  made  iu 
effecting  economy  of  fuel  by  this  means, 

A  ecu  KATE  RoLLt  no-Mill  Machinery. — At  length 
the  managers  of  mir  tinished  ironworks  are  ar- 
riving at  the  just  conclusion  that  most  of  the  stop- 
pages by  the  breokdown  of  machinery  rt^solt  from 
inaccurate  adjustment  and  rude  const  ruction.  Con- 
a(M|uently  gearing  of  absolute  accuracy,  and  of 
greater  strength  with  less  material ,  is  nuw  in  de- 
mand, ami  tln^  works  where  these  are  produced  are 
busy  in  that  especial  department.  There  can  be  no 
doubt  wliatever  that  avast  economy  will  resiilt  from 
the  use  of  such  cjiatings.  even  an  there  is  much 
eiaving  yet  to  be  effected  in  the  engine  department 
of  our  mills  and  forges.  So  jwjom  as  the  iron  trade 
generally  shall  see  that  it  is  not  ecom»iny,  but^  on 
the  contrary  J  extravagance »  to  ca^t  their  wheel 
gearing  at  home  upon  the  old  models,  and  shall  go 
to  our  best  machinists  for  what  they  require,  and 
pay  a  very  much  larger  sura  for  ft,  weight  per 
weight,  then  we  shall  have  less  curaJjersome  a[>i)a- 
raiiis,  worked  by  engines  which  do  not  consume  fonr 
limes  aa  much  steam  as  with  different  gearing  wituld 
be  neceiaary.  The  losses  which  have  resulted  rn , 
tlUi  pttat  year  from  stoppages  by  the  breaking  down 
of  the  un wieldly  machinery  too  frequently  to  l)e 
observed  thundering  in  onr  ironworks,  are'  to  our 
knowledge  Iti  certain  cases,  somewhat  startling. 
They  are  the  more  so  because  at  neighboring  works, 
wlM?re  a  heavier  first  cost  was  not  shunned,  and 
where,  as  a  consequence,  liglit,  easy  and  almost  si- 
lent Working  machinery  is  in  operation,  the  stup- 
pagiis  have  btHm  of  an  insignilicaat  character. 
The  foregoing    is    from   the  correspondence  of 


*  *  The  Engineer , '  *     The  »aroc  Xtsaau  hat  Umk 

by  our  progressiTC  iron  worker*  i?t  Att 

the  rt»KiiU  is  the  cstabHsbrn^'ot  **f  i»p*ml  i 

tories  of  rolling  mill   m  h 

Hatthe^va  &   Moore,  in   r< 

of  roUs  are  fitted  up  with  inv  vicrui*i.>  nwi 

that  characterise  marine  etigtuiMi. 

THE    KaDCLUTE    PEiXlkSS. — ^A 
ceiitly  been  patented  iu  Ev^ 
claimed  that  mavises  of  irn^i     ' 
ed  of  suttlcient  sijse  to  fori 
plate,  &c.,  which  will  be  h 
in  so  far  that  they  will  l>e  witii< 
ordinary  sense  of  the  term      ^ 
welding  of  two  or  more  p" 
der  a  steam  hammer,  w;; 
more  recently  in  America.  lur  v? 

ny  Iron  Works;   and  by  thi* 
were  produced,  but  the  prodtfok 
beciuise  the  surfaces  of  tho  balls  1 
and  good  union  could  not  always  be  iectirt4 1 
them  In  conset|uence.     In  the  HAdcUlfir  maa^Trj 
Dtmiber  of  puddled  balls  are  worked  toge41irr«itf 
a  heavy  steam  hammer;  but  in  tlie  proem  Im>i^ 
luded  to  the  puddled  Imlls  are  welded  tofi^btlil 
furnace,  when  the  Iron  is  surrounded  bf  «  HMli 
tlame,  and  the  oxidation  of  tiic  iroii  i»  1" 
vented.     It  is  eontended,  als4»,  tluU  tiM  onA^M 
ducing  rails,  armor  plate*,  fitc.,  by  Ihia  [ 
l>e  much  less  than  by  the  ordtnoiy  ntetliiiia 
difficult  to  explain  the  arratigrtojetita  coonBctall 
the  furnace,  without  the  aid  of  di jMEfvim,  I 
may  briefly  state  that  a  hydra; i' 
work  horizontally  through  an  ^ 
the  furnace,  and  on  the  otlkei 
made  to  move  in  a  similar  m sinner.     That  I 
(cai   appliances  can  be   brougbl   lo   !*rar  »pM\ 
manipulation  of  a  large  or  stn 
By  an  arrangement  of  rolls  hi 
it  is  proposed  to  roll  the  iron  if 
beating.     The  use  of  the  haun: 
oace,  to  perform  the  wi.M«liiig  in  »  la mnij  u,iwr  wo 
long  since  paten t^^d  iu  America;  by  Akiino  HM* 
cock,  of  New  York. 

IMPROVEMENT  tlT  IrOH   CA8T|JfQ0. — MlWrs.  Sw» 
and  Adamson,  of  GLi  r    -    *    -     -  -  -   '     '- 
iinprovment  in  tlie  mixle 
now  made  of  malleable  uj 
cast-iron  from  re -melted  pig- 
dircct  from  the  blB2»t -furnace.     ' 
required  for  the  articles  to  be  priiduc^-Hi  m^  }<vtU' 
ed^  and  molten  iron  is  run  into  tU'io.     Ai  i 


) 


solidified,    and    for    the 
material  very  hard  and  *1^ 
taken  fr»im  the  cbills  and  v-^r 
wise,  or  it  may  be  allowed  to  i 
a  longer  peritd,  or  Ihe  chilU 
with  or  ciMiled  by  water.     In 
chill  costings  of  absolutely 
be  I  ore  being  cast  may  be  , 
atmospheric  air  into  it^  n 
pounds  of  oxyp      ~^    '" 
it  is  refined,      i 
annealed  or   tci..,    ..  :.     ...» 
poKsessing    many    of  the    pn^i- 
forged,  or  malleable  iron,   bu 
mamil>ictureijf  iron  now  in  une. — JStntMf  J^%n*^ 
W  we  had  not  trird  a  part  of  lb  is  ititrafi*  tjl^ 
out  succi'ss, we  might  ticlivTi!  it  mrw  j 
Es).  y,  A"i  Mag. 
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«  131  laoH  FuKNACBB. — TKe  "  Colliery 
dum  **  contains  the  following  paragraph  : 
QTention  patented  by  Messrs.  James  Bow- 
George  Lunge,  of  England,  consists  of 
uoride  of  calcium,  the  same  being  obtain- 
ially  or  in  the  form  of  a  native  fluor  spar, 
lineral  known  as '^  cryolite,''  either  in  a 
ine  division  or  otherwise,  with  the  materials 
last  furnaces,  for  the  purpose  of  removing, 
r  in  part,  the  phosphorus  contained  in  the 
to  be  obtained  therefrom.  The  invention 
onsists  in  using  fluoride  of  calcium  in  pud- 
.  other  ftimaces,  to  aid  in  the  manufacture 
ifat-iron  and  steel  by  the  removal  of  the 
us  contained  therein.  The  phosphates 
from  such  treatment  may  be  utilized  as 

til  that  the  **  Stevens  Flux,"  notorious  in 
try  for  its  brave  promises  and  halting  per- 
9  in  the  extraction  of  ''more  gold  than 
i  found  by  ordinary  assay,"  has  already 
iphere  of  real  usefulness  in  the  metallurgy 
-though  we  are  not  prepared  to  say  that  its 
on  is  novel  or  that  its  employment  at  the 
jrged  for  it  will  prove  economical.  As  we 
m  said,  whatever  good  qualities  the  Stevens 
isesses  are  probably  shared  by  native  fluor 
id  now,  for  the  consolation  of  Col.  Stevens, 
evcrse  the  case,  and  say  that  whatever  ad- 
the  above  palent  of  Bowron  and  Lunge 
are  probably  shared  by  his  Flux.  What's 
r  the  goose  is  sauce  for  the  gander. — 
«  Journal  qf  Mining. 

a  Ikon  with  Brass. — A  new  process  has 
been  patented  of  coating  iron  with  brass, 
ilver  and  other  metals,  which  bids  fair  to 
lost  a  revolution  in  some  of  the  trades  of 
lam.  One  method  heretofore  employed 
ing — if  that  term  be  applicable  to  metal — 
xpensc  and  difficulty  attending  it  have  been 
ion  to  it  from  the  first.  Electro-plating  by 
processes  has  been  attended  with  much 
uccess,  but  even  this  coating  is  not  so  du- 
coukl  bo  desired.  What  has  long  been 
s  a  method  of  coating  iron  with  brass  or 
readily  as  it  is  now  coated  with  tin,  and  so 
ider  it  equally  durable.  This  has  been  at 
ocessfully  accomplished  by  a  Wolverhamp- 
itee  with  remarkable  success.  The  process 
is  that  of  immersion,  but  of  course  the  de- 
le  invention  are  for  the  present  k«»i)t  secret, 
len,  says  the  correspondent  of  '*  The  Eugi- 
>me  sheets  of  iron  which  have  been  coated 
per  on  this  principle,  quite  equal,  for  all 
purposes,  to  sheets  ot  cop|>er.  They  will 
Dping  into  all  imaginable  shapes,  and  even 
ig,  without  removing  the  copper  coat,  the 
ring  to  all  appearance  eaten  its  way  into  the 
metal.  Coated  iron  on  this  principle  will 
3  brass  and  copper  to  un  enormous  extent, 
i  it  will  be  equally  serviceable,  it  will  be 
fnt  lower  in  price. 

raoMETER. — An  instrument  for  testing  the 
less  of  metals,  by  drilling,  has  been  invent- 
:he  **  Builder,"  by  M  Behrens,  an  engineer 
8.  in  France.  It  is  said  that  it  has  been 
ly  tried,  and  that  many  French  contracts 
now  contain  a  condition  that  they  are  to  be 
this  apparatus.    It  consists  of  an  upright 


cast  iron  standard  bolted  down  upon  a  bedplate,  and 
provided  with  a  table  for  supporting  the  rail  or 
other  article  to  be  tested.  The  spindle  of  the  drill- 
ing tool  is  capable  of  being  raised  and  lowered  in  its 
bearings  by  turning  a  handle  for  that  purpose,  and 
the  drill  is  held  down  to  its  mark  by  a  weight  fitted 
to  the  upper  end  of  the  drilling  spindle.  Its  rotary 
motion  is  derived,  through  a  pair  of  mitre  wheels, 
from  a  driving  shaft  carrying  the  usual  fast  and 
loose  pulleys.  This  shaft  has  a  worm  upon  it  which 
moves  a  train  of  mechanism,  in  connection  with  a 
signal  gong,  for  the  purpose  of  indicating  the  num- 
ber of  revolutions  made  by  the  drill.  The  appara- 
tus is  exceedingly  compact.  Its  use  by  French 
manufacturers  has  led  to  a  gradual  increase  in  the 
hardness  of  the  rails  they  produce. 

ESTIMATING  THE  IMPURITIES  IN  IrON. — Glutl  glveS 
a  very  easy  method  of  determining  the  impuri- 
ties in  cast  iron.  It  is  applied  by  him  to  the  esti- 
mation of  the  sulphur  contained  in  the  iron,  but,  as 
will  be  seen,  it  is  available  for  the  separation  and 
determination  of  most  of  the  usual  impurities.  The 
iron  is  reduced  to  as  minute  a  state  of  division  as 
possible,  and  is  then  treated  with  a  strong  solution 
of  perchloride  of  iron,  as  nearly  neutral  as  possible. 
The  mixture  is  kept  heated  for  ten  or  twelve  hours, 
at  the  end  of  which  time  almost  all  the  iron  will  be 
found  to  have  dissolved,  leaving,  as  a  residue,  the 
carbon,  sulphur,  phosphorus  and  silicium,  together 
with  the  little  iron  left  undissolved.  This  residue 
has  only  to  be  well  washed,  oxidized  and  dissolved, 
and  the  sulphur  estimated  as  sulphate  of  baryta. 
The  exact  plan  directed  by  the  author  is  to  intro- 
duce the  residue  and  filter  into  a  porcelain  crucible, 
having,  at  the  bottom,  three  parts  of  nitrate  of  pot- 
ash and  one  part  of  hydrate  of  potash ;  heat  to  Vi- 
sion, dissolve  and  precipitate  with  chloride  of  bari- 
um. The  phosphorus  and  silica  will  be  contained  in 
the  same  solution,  and  can  be  determined  separately. 
— Mechanic**  Magazine. 

A  New  Fact  in  the  Behaviour  of  Iron. — ^Mr. 
Got  e  has  noticed  a  new  fact  in  the  behaviour  of 
iron  under  the  influence  of  heat  and  of  strain.  A 
strained  iron  wire  was  heated  to  rednesss  by  a  cur- 
rent of  voltaic  electricity,  and  then,  the  current 
being  discontinued,  was  allowed  to  cool.  It  was 
observed  that  there  arrived  a  moment  in  the  process 
of  cooling  at  which  the  wire  suddenly  elongated, 
and  then  gradually  shortened,  until  it  became  per- 
fectly cold,  remaining,  however,  permanently 
elongated.  No  other  metal  besides  iron  exhibited 
this  peculiarity,  which  Mr  Grore  attributes  to  a 
momentary  molecular  change,  and  he  points  out 
that  this  change  would  probably  happen  in  large 
masses  of  wrought-iron,  and  would  come  into 
operation  in  various  cases  where  those  matters  are 
subjected  to  the  conjoint  influence  of  heat  and 
strain,  as  in  various  engineering  operations,  the 
destructions  of  buildings  by  flre,  and  other  cases. 
The  phenomenon  deserves  a  further  investigation, 
since  every  fact  relating  to  iron  is  of  importance  to 
us. — Mechanic's  Magazine. 

I^FPECTOF  Phosphorus  on  Iron  and  Steel. — 
jCi  With  respect  to  the  influence  of  phosphorus  and 
slag  in  iron.  Professor  Stj'fie  has  a  theory  that  the 
diffusion  of  slag  through  iron  containing  phospho- 
rus, has  a  beneficial  influence  in  counteracting  the 
injurious  eflect  of  the  phosphorus.  The  results  of 
experiments  as  to  the  influence  of  this  material 
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upon  the  tenAcity  of  iron,  agret*  pretty  clfjjicly 
with  those  of  Kar8t4*n  and  oihtrs.  T\w  author 
ftays :  ''^  The  tcrititle  strength  of  iron  is  not  sensibly 
fin  paired  by  the  prpaeoce  evcti  of  0.2  or  0.3  per 
c^snt  of  phosphorus.  pn>vided  the  metal  ha»  not 
bo**Q  strongly  heatrd  after  haviiig  undergone  Hie 
o{>enitton  of  roll  i rig  or  exten»ion  hy  other  ma^nipu- 
liition."  He  even  maintiiins  Umtthe  pretujuoe  of 
even  a  cotiHideruble  ciuaiitity  of  sliig  or  cinder  tn 
iron  impregnated  willi  phMsphonis  is  l^eni-flcial,  by 
preventing  the  largely  crystalline  structure  which 
would  otherwise  result  from  the  presenw  of  that 
element.  With  re!«i>ect  to  the  inllnence  of  phoit- 
phorua  in  steel,  the  authtu,  on  the  contrary ,  con- 
firms the  opinion  that  it  is  injur  ion »,  rather  than 
hL'netic'tid,  and  jiiAys  that  he  knowa  no  uuthtinlieHtetl 
instance  to  which  the  proportion  of  plmsphorns  hitb 
b&eti  higher  than  0.4  percent  in  what  ha»been  con- 
sidered as  good  RteeL 

TUNCBTEN  Steil.— It  h  many  years  since  Mr. 
Miishet  pro[K>8ed  to  alloy  iron  with  tungsten  in 
the  formal  inn  of  Kleel.  We  reported  a  year  or  two 
ago  that  Mr.  L+^giieu,  in  Franee.  had  made  experi- 
ments with  the  siime  alloy .  employing  iron  ccjn verted 
by  BesjjemerN  procetiH.  Then  he  used  a  conimun 
gray  pig,  not  tit  for  conversion,  but  produced^ 
ne  verthuiess,  an  alloy  of  very  g<n  kI  <iual  Ity.  Lately, 
he  hixs  continued  hh  expt^rimentfi,  now  employing 
good  whke  cast  iron,  and  hajs  prodnci^d  a  at^-el  of 
excellent  quality.  A  portion  of  the  iron  Is  flrat 
Alloyed  with  one-lenih  wotfram,  in  a  en pola  furnace, 
and  la  added  to  the  rest  io  the  converter.  The  con- 
version is  carried  further  than  usual,  ho  that  the 
carbon  is  reduced  to  one-half  the  ordinary  prt»por- 
tion.  The  ateel  sopnKluct^  is  soft,  but  very  tough, 
and  temi>ers  remarkably  well,  Mr.  Lcguen  men- 
tions that  it  will  be  found  extremely  u»iM\il  for 
machines,  w^nie  partii  of  which  require  t**  be  tem- 
pered, while  others  are  kept  soft.  The  objection 
brought  against  this  alloy  is  that  it  is  expen.'*ive, 
but  the  amount  of  tungsten  employed  by  Mr.  Leguen 
U  no  BiDAll — iuily  0.55  per  cent — ^that  it  can  make 
but  a  ver^'  small  addition  to  the  cost  of  the  steel. — 
Michanic^a  Magazint. 

TESTING  BOLLER-PLATES  BT  TDK  SaXBT  MeTHOD. 
— During  the  past  year  the  Saxby  meth<.Ki  of 
detecting  ilaws  in  irt>n,  by  the  detlection  of  a  iimg- 
netic  needle,  has  Ixicn  experimented  with  in  Eng- 
land with  especial  reference  to  the  detcctimi  of  tlav*'s 
in  boiler -platet).  In  one  of  these  trials  a  piece  of 
partly  used  plate,  that  luwl  succeBstiiUy  withstood 
all  tlie  A<imiralty  testtt  was  shown  by  the  new 
methmi  to  possess  a  weak  point;  the  existence  of 
the  defect  and  the  efficacy  of  the  methcrti  being  aub- 
dequently  proved  by  a  re-examination  of  the  plate 
by  mechanical  means.  So  8ucces.«iful  have  been  the 
IriaU  thus  far  made,  that  Mr.  Siixby  is  led  U>  claim 
for  his  method  the  attribute  of  infallibility. — ^inw 
rican  Jlriixan^ 


milk  of  lime.     It  bi  altera*  '^^-  '  ■  ^•♦'dfkiiA,! 

1  i  m  e  is  l>ru»hed  a  way .     W  1  e 

this  plan,  they  require  a  ii  itu 

to  protect  them  while  in  stock.     After  brjt 

beeo  carefully  dried   nrid  the  lim**  hi»t!iffsl 

away^  they  are  to  V-* 

ofolivL^  oil  and  turi*^  J I 

with    ver)'  Hue    charmai    jhihui;.      j\ii\ 

imagiiK'  ihai  the  aeuL,  acting'  equllj  oiidl| 
would  simply  dissolve  away  \0omc  oCtbe  1 
leave   the   tile   a»  smooth   and   uielcM  a*  I 
But  stich,  we  arc  a^Aured,  U  not  tUe  oup 
may  he  renovaiiMl  oyer  and  over  agala,  tm\ 
ways  as  good  as  new. — MtchaaieU  MagoMm 

CASTING  A  TO'Tos   AxviL   Block, — Al  ifel 
Steelworks  at   Landun  reetritU  ,  a  Ti^'-t. 
for  a  steam  banuner,  was  suct  tr, 

Williams  of  St.   Helenas   W*' 
oupt^ids  were  si>ecirvlly  erected 
to  enable  the  metal  to  run  dtr< 
Operations  coiumern     '     ^ 
quarter  to  10  a.  m.  i 

other  at  regular  im^ ..v 

hour  up  to  9  p.  m.f  at  wlin-h 
taining  seventy  tons  of  iron  w  ; 
the  largest  casting  ever  made   in    \^ 
meosions  are  11  ft.   6  tu,  by  0  ft   »t 
7  A.  6  in.  high,  and  it  will  CHTcti 
weeks  to  cool  suHiciently  to  »J! 
it    having   }>een    i^Jist     bw^'    113 
ji»'ming  part  of  the  cabling  are 
simply  lie  turned  upon  its  own  a-,.„- 

^1  Jtr.  SlEirEN^-SlAJKT]}!  Proof***  t^  Fii4itnK^^1li  J 

1    Terreuoi re  Ironwork*' I.  M* 

naces  in  o[>eration.     Ere  : 

carried  on,   introducing  &.  i«|m  -n   ««  _ 

into  cast  iron.  It  is  necessary »  oT  ooune*  titf  till 
cast  iron  be  entirety  free  iVom  phoapbaroa  Smm 
trials  have  been  made  In  the  u»c  of  worn  out  nib 
instead  of  Bessemer  stael,  bat  that  haa  b^^n  %  ttte* 
plete  faihire.  The  mils  wore  exci«edin(r' 
and  the  railway  companies  ha%'c  forbiildcii 
ture  of  old  iron  rails  with     "     ''  ^1 

in   the   Martin  process,  * 

avoided  Avith  good  iron  *jU»..,.  41 

free   from  phosphorus,  but  lli  4 

wimld  be  greatly  tncre-asc^.      J  I4 

very  usel\il  to  the  makers  of  J 
bling  them  to  get  rid  of  their  ; 
rttc<  0/  The  Engmett. 


LVILWAY  NOTESL 


I  rti.— A 


To   RKNOVATE   OLD    FlLKS  AND  RajFS.— A   file   Or 
rasp  worn  smooth  is  immersed  for  a  time  in  a 
mixture  of  one  part  nitric  acid,  three  parts  oil  of 
llrial  aod  seven  p«rts  water.     The  time  it  must  be 
t^ii^>t*^..,|  r,,  feiiiain  in  this  acid  bath  depeud-s  upon 
t  ,  of  the  metaU     A  very  hard  si  eel   will 

^T'  .  vtuger  immersion  than  a  soft  fliie-grainod 

HitIaI.     The  tool  is  then  well  rinsed  in  water,  and 
L  <to  ensure  the  perfect  removal  ot  tbe  acid)  ui 


FREiORT  Cars   with    Cha??* 
new  thrtmgh  freight  line  ^mmm 

Chioigo,  cjilled  the  ^'  National  i>ri.2iiiu-ti  utat"i^ 
now  running  a  through  line  of  rhang«ab}«  giQ0»  ^ 
freight  c-ars,  iMHwet^i  tli^^.  .iti.*  n»MciDf  vftf  ti* 
Boston  and  Lowell  .n  ^oird.  Kfli^ltti 

(N,  H),  Vermont  C*  i  and  Tftr^ 

Junction,  Grand  Trunk  and  Mii 
ways,  comprising  th<i  4  ft  H* 
giuiges.  One  hundred  af  tin i< 
on  the  lim*  ;  a  part  of  win   '1    J:  .,.      «  1     - 

since  the  1st  of  J  amir- 
ist'nctorily,  and   it  i^ 
cretu^e  the    number   k". 

a  Her  wards  to  further  iocrcBw  the  suxk  aa  il^  y*^* 
ncffi  roi|uirBi. 
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ENGLISH  LOCOMOTIVE  EXPENSES. 

[FAmATITK  BTATKHKHT  OF    AALF-TEARLT  VlLEAdE,   WKIOMOTn^K  KIPSWUITUItE,   AMD    TRAFFIC  RK- 

CStPTi   Of   YARlOim   CNQLIHU   LINES. 

Htitf'ifear  ending  January j  1869. 
Ti.— We  care  last  month  a  table  showing  lUti  tot&]  expeiucf  of  the  principal  British  linoi^    The  Mlowinf  table,  fron 
(urerior,^  giye*  the  details  of  locomotive  expenses  ou  some  of  these  lines. 
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FoDR  CoiiPLED  Express  Engine — Pajus  and 
Lyons  Railway. — ^Tlm  ty]X'  of  engine  miiy  llius 
be  i^'ni^raily  destrilx'd ;  Oiitstde  burizoiittil  cyliuder 
17.33  ill.  iu  di;itnet4!r  by  250  in.  ^t^oke,  four  driving 
wbcols  15  ft.  i\,2  in.  hi  diamettir  and  6  t\.  10  in. 
apart,  and  a  pair  of  leading  wlirels  3  i\.  11.66  in,  in 
diftiDcUT  and  (I  ft.  2.4  in*  forward  of  front  drivora. 
The  driving  wheels  havo  only  two  springs,  the  axles 
bw^ing  eDiiut*ct*?d  by  conipiHiJoiting  boams.  The  fol- 
lowing particulam  (and  also  engraviijgs)  appear  in 
*^  The  Engineer  ''  of  May  21,  1869  : 

n,      in. 

Length  Are  grate 4        4 

Width        do 3        8i 

Surface  of  grato  in  wiuaro  fetjt 15        0 

Height  inside  copptT  flre-box  near  the 

tnbL'» * 6        8 

Heigiit  near  the  dtM>r •  •  •       4       10^ 

Lenglh  at  tht^  top 4         2 

Length  at  the  bwttom 4        4 

Width , 8        3^ 

Thickness  of  side  plate 0        0^ 

Thitikness  of  door  plate 0        3i 

Thickness  of  copper  tube  plate  at  the 

top 0        1 

Thfckncits  of  copper  tnlie  plate  at  the 

bottom   0        Oi 

Number  tubes , 164 

OiiL^tide  diameter  *..♦.. * 0 

Thickness »       0 

Lt*ngt h  between  plates ,..,.,.»,-*.•.     IG 

Lengt  h  outride  tire-box  . 4 

Width  at  the  tap , . . ,       4 

Width  al  the  butlum , » . , 3 

Thiekries.^ 0 

Outride  dJameUT  small  pbites  ofahellj      4 

I  LeDgtb  of  shell 16 

Height  of  the  eentre  above  tbe  rails. ,       6 

Steam  prejMiure *.,,,*. 120  lb. 

Diameter  of  each  of  tlxe  two   Hafety 

valves , a 

Heating  Hurface  fire-box,  »|nftre  feet. .      80 

do  tnbt*s,  ^^nare  feet ,  12)60 

do  tulal  _ , . , 1340 

I  iisidu  diauiet^jr  chimney ♦ .       1 

Height  above  llie  rail .••,«...*     14 

TrauH verse  distance  frames 4 

Thiekuess  do     ,... 0 

Total  length  of  the  engine 2^ 

Diameter  of  leading  wheels 3 

Diameter  of  driving  and  trailing  wheeU  ft 
r  D iatance  f rtmi  lead i  ng  t o  d  r i  v  i  ng  wheel  s  6 
^  Di^tanee  from  dri  viiig  to  trailing  wheels       6 

Total  wheel  base  • , , , , ,     18 

Transven^*  diNtance  between  wlieets.  •  4 
Trans ver)<e  distance  between  c€nten 

of  journals , ,       8 

Length  of  journals  of  loading  wheels* .  0 
Diameter  of  do  do  do  . .  0 
Length  of  journals  of  driving  and  traii- 

iug  wheels 0 

Diameter  of  journals  of  driving  and 

trailing  wheels  .,., , 0 

Number  of  plates  in  springs  of  driving 

wheels  ..,...,.»•,,, Ifl 

Thickness 0 

^Width 0 
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6* 

81 
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6i 


Length  driving  spring  plaie«. ....,.,     i 
Number  of  plates  in  spring*  *>f  leading 

wheeU , • ...•«.    II 

Thickness  ......,,••»••• *.•«» 

Width , ..,— . 

Length..... .*...»•••••• 

^am OL r  *••••... •*•««■•«*'•«•■..•• 

Diameter  of  cylinder* I 

Stroke... , I 

Length  of  crptiDccting  rod J 

TnuisvorBe  distance  bctw^o  oeDtecv  oif 

cylinders « * 

A.ngle  of  advance  of  eccentrics 1 

Throw  of  ccoentries ♦. 

Stroke  of  slide  valves  in  full  gear.... 

Inside  lap  of  slide  valves ,, 

Outside  lap  of  slide  valves 

Length  of  steam  ports *« 

Width  of  steam  ports ,« 

Width  of  exhaust  p<>rU  ,...••.  ,.»* 
Weight  of  empty  etigine  ...*»«««■•  tDl 

Length  of  connect iug  rod ••••• 

Diameter  of  connecting  rod  ......... 

Length  of  coupling  rod  om  drinng 

wheels , 

Diameter  of  coupling  rod  on  drivi&g 

wheels    .,,. 

Length   of  coupling   rod  on   trailitif 

whe«?l8 ,.. 

Diameter  of  eoupUng  rod  oo  trmllii^ 

M'beela «• 

JHtlr^utitm  of  Wn^ht  in  WorkiMg 


Leading  wheels . . 
Driving  wheels,, , 
Trailing  wheels  , , 


71 


H 


Total 

These  engines  run  at  an  average 
Qve  miles  an  hour,  traversing  ioclL 
with  trains  wetgliiug   115   tons,  ex 
tender,  which  weighs  twenty-three 
order.     They  are  very  sti^dy,^  And  tl#l 
liave  been  so  well  satisfied  with  their  i 
after  a  first  supply  of  fllteeu  cngint*,  1 
have  been  ordered'. 

THE  RAILBOAnS  OP  TBK  UKfTSU  5>f  AT 
a  comprehensive  abstract  in  tb<* 
"Times,"  of  Mr.  Ucnry  V.  Poors  new  frfU 
roads,  we  compile  the  following  statin 
were  in  operation  iii  all  the  States, 
of  January,  1869,  42/255  miles  at  \h 
which  ^  at  $44,000  per  mih 
The  total  amount  of  net  i 
them  for  the  year  eijLiJtI.'il  lOl 

a    value   of   $10,472.U    '  '    hi—     v  ;<,i  q^ii 
times  their  cost,  and  iii'ir  t/i. lis 
than  the  whole  amount  of  the  naUu 

The  construction  of  l\iv9t*  w*^k%  1 
scale   commenced    with    tl       ' 
California,  in  1848.     The  r^ 
at  ion  in  the  count  ni\  on  tia   i^t 
that  year,  was  5,5^*51.     Tlie  mile«i^i 
structcd  tVom  the  ojMruing  of  li»  f 
miies)  of  the  Baltimore  and  Ohio  ftallr^ 
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lusive,  equaled  311  miles.  The  yearly 
;ned  from  1848  to  1860,  iDclusive,  equal- 
iles — the  aggregate  opened  in  this  period 
7  miles.     During  the  war  the  number  of 

equaled  8,273,  or  818  miles  annually. 
ij  8.347  miles  have  been  opened,  or 
i  annually.  The  number  of  miles  opened 
ftr  equaled  2,979  miles, 
e  in  progress  ftilly  15,000  miles  of  line, 
t  least  5,000  miles  will  be  opened  the 
ir. 

>  of  mileage  of  these  works  to  our  total 
is  as  1  of  the  former  to  876  of  the 
e  ration  in  the  New  England  States  is  as 
in  the  Middle,  1  to  1,037;  in  the  South- 
'>9;  and  in  the  Western,  1  to  731.  The 
cw  Hampshire  has  1  mile  of  railroad  to 
anU};  the  State  of  Nebraska,  1  to  1G8; 
ite  of  Florida,  1  to  348. 
e  having  the  largest  proportionate  mile- 
tachusetu,  which  has  1  mile  of  road  to 
!  miles  of  area.  The  State  of  Ohio  has 
ne  to  11.76  square  miles.  A  ratio  simi- 
.  for  Maasachusette  would  give  to  the 
try  600,000  miles  of  line.  One  similar 
Ohio,  31)0,000  miles.  The  total  amount 
lage  transported  over  all  the  railroads  of 
States  for  the  year  1851 ,  did  not  exceed 
:ons.  The  rate  of  increase  tVom  that 
close  of  1867,  in  which  year  76,000,000 
re  transported,  exceeded  1 ,800  per  cent. 
;e  traffic  of  all  the  roads  in  the  country 
laled  18,750,000  tons.  The  increase  in 
commencing  with  this  year  consequently 
9  per  cent  traffic. 

e  of  the  tonnage  for  1867  is  estimated  to 
>f  the  several  classes  of  freight|transport- 

Eric  canal  for  that  year,  (the  value  o. 
refully  ascertained,)  or  $139.63  per  tonf 
;at«  value  of  the  tonnage  of  all  the  roads 
nwequeutly,  the  enormous  sum  of  $10,- 

0.  At  a  similar  estimate  the  value  of 
[•  transported  in  1851  e(iualed  $765,236,- 
58,  $3,090,762,500.  The  total  increase 
'  the  tonnage  transported  in  1867  over 
ported  in  1851  equaled  $9,707,013,275, 
,487,500  over  that  transportijd  in  1858. 
iroads  transport,  on  an  average,  2,000 
i  mile.  The  tonnage  of  the  railroads  of 
ftts,  for  1867,  c<iualed  5,894,137  tons,  or 
I  to  the  mile.     That  of  the  railroads  of 

equaled  10,343,681  tons,  or  3,501  tons 
5 ;  that  of  the  railroads  of  Pennsylvania 
s383,370  tons,  or  7,8l'>4  tons  to  the  mile. 
1^  borne  on  the  railroads  of  those  States 
lileage  of  8.750  miles  equaled  51,121,140 
826  to  the  mile.     The  tonnage  of  most  of 

roads  far  exceeded  the  estimate.  The 
amount  transported  could  not  have  been 
00,000,000  tons. 

-diuary  highways  wheat  will  bear  trans- 
only  250  miles;  Indian  com  only  125 
pon  railroads  these,  the  most  valuable  of 

1,  will  bear  transportation  3,200  and  1,600 
)ectively.  The  area  of  a  circle  drawn 
dins  of  125  miles  equals  49,077  square 
it  of  a  circle  drawn  upon  a  radius  of  1,600 
12,496  square  miles. 

d  camingM  of  all  the  roads  in  the  United 
1861  equaled  $39,406,358.  The  receipts 
{fat  and  paflsengers  were  almost  exactly 


balanced.  The  earnings  from  all  sources  in  1867 
were  $400,000,000,  of  which  $280,000,000  were 
received  from  freight,  and  $120,000,000  from  pass- 
engers. The  rapid  mcrea&e  of  earnings  (torn  freight 
is  a  most  favorable  feature.  The  earnings  of  the 
English  railways  in  1861  were  $78,000,000,  of 
which  $86,000,000  were  from  freight,  and  ^,000,- 
000  were  from  passengers.  In  1867  their  total  earn- 
ings were  $190,000,000,  of  which  $106,000,000  were 
trom  freight,  and  $86,000,000  from  passengers. 
The  ratio,  in  this  country,  of  earnings  from  freight 
to  earnings  from  passengers  is  as  2.2  to  1 ;  in  Eng- 
land is  a  little  over  1.1  to  1. 

The  earnings  of  American  roads  are  more  than 
twice  greater  than  those  of  England.  The  railroad 
mileage  of  that  country  in  1867  was  14,247;  in  the 
United  States,  89,276.  The  cost  of  the  former, 
equaled  very  nearly  $2,500,000,000,  that  of  the 
railroads  of  the  United  States,  for  the  same  year, 
$1 ,700,000,000.  The  earnings  of  the  English  roads, 
upon  their  cost,  equaled  7.86  per  cent ;  those  of 
the  United  States  very  nearly  25  per  cent.  The 
English  roads,  however,  have  a  great  advantage 
over  our  owu  in  operating  expenses,  their  net  earn- 
ings, as  a  rule,  ftilly  equaling  one-half  of  the  groaa 
receipts.  In  this  country  the  net  cannot  be  esti- 
mated at  over  80  per  cent  of  the  receipts.  The 
following  statement  presents  in  detail  the  variouB 
items  entering  into  the  cost  of  operating  the  rail- 
ways of  the  two  countries — the  railroads  of  the 
State  of  New  York  being  taken  as  representing 
those  of  our  own : 

Itemt  of  cost  per  train  j  mileage  of  running  traint 

upon  the  railroadt  of    New   York  and  Great 
BrUain  for  IS67 : 

New  York.  Gt.BriUin. 

Cents.  Gents. 
Maintenance  of  way,  including 

iron 49.50  12.70 

Repairs  of  engines  and  materials    17.85  6  45 

Kepairsofcars 21.18  6.74 

Wages  of  engineers  and  firemen      8.86  8.00 

Fuel 21.60  8.42 

Local  taxes 6.60  2.20 

AU  other  charges 42.62  26.86 


Total 166.00 


61.87 


The  preceding  statement  shows  the  cost  per 
mile  of  operating  the  railroads  of  the  State  of  New 
York  to  bo  two  and  a  half  times  greater  than  that 
of  operating  the  railways  of  Great  Britain.  The 
earnings  of  our  roads,  however,  per  mile  run  are 
nearly  twice  greater — the  average  earnings  of  the 
former  being  $1  25  per  mile  ;  of  the  latter  about 
$2  80  per  mile.  The  most  startling  dififerenoe  in 
the  items  of  cost  is  in  the  matter  of  f^el  ;  the  cost 
of  the  same  in  this  country  being  21.60  per  mile,  in 
England  3.42  per  mile. 

In  1880  the  population  of  the  United  States  will 
equal  50,000,000.  lU  railroad  mileage  will  equal 
70,000  miles.  At  the  estimate  of  only  2,000  tons 
to  the  mile  their  aggregate  tonnage  will  equal  140,- 
000,000  tons,  having  a  value  of  more  than  $20,000,- 
000,000,  while  our  population  is  increasing  at  the 
rate  of  1,200,000  annually. 

THE  New  York  Central  Company  recently  paid 
a  million  of  dollars  for  four  acres  of  land  for  a 
terminus  in  New  Torli, 
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LocoMOTivsf  ur  TU£  pAaiA,  ScEAUx  Ann  LiM* 
otJiiJi  Kailway. — This  railway  ha»  cnrvui*  of 
8'J  It .  radius.  The  eogiitt'M  have  four  driving  wheals, 
but  lli«  wht:<.*lA  uu  the  opposite  >ide.s  iirv  iiidt'iiecd* 
eut  o(  eucb  olhiT,  aud  Are  driven  by  two  cyrinders 
for  the  right  unil  twu  tor  the  lell  pair  of  wlioels. 
Th«  driving  tyre«  lire  12  iu,  wide»  without  llangeti. 
The  totuliiig  and  trtiiliug  wheels  an:  tknged,  and  nre 
Uhm*4?  ou  th«  aile,  (which  is  free  to  turn  nudulW  to 
the  curve),  i*tid  ihvy  are  fittifd  with  "'guiding 
bogieii"  which  liiivo  wheels  lying  nearly  horizon- 
tiUly  and  liearing  ugiUTiU  the  inner  tnlge  of  the  mils. 
The  IblUiwing  iire  purtleular;*  of  the  engines?,  from 
*'  Knginivriug,'*  J(»nuury  2^,  1869^  in  which  j>aper 
th*J  machinery  in  illu»trj*ted. 

Engine!  with  four 
ejlitidtiris,  builL  in     fiogineB 
1855,    and  £ub0«-     at   Ivrjr 
qaeoilj  aUored,         in  IBA?* 
Cylinders:  ft.  in.         It.  in. 

Diameter 11  16 

Stroke... 20  24 

Disunee 8  bet wtM?n  centers »     4 

Total  width  of  engine 11 

WhttU  : 
Diiimeter  of  leading  and  tniiltng 

wheels 8    8  8     5 

Diameter  of  coupled  wheels,. ,     5  5 

Length  of  wheel    base 17  16     6 

Boilin 

I>i«net4!r  of  biuTel ,.  4    6 

Ifumber  of  tubes..... IS4  201 

Diameter - . . , II 

length 11  12    6 

Ueigbt  of  top  of  HreboiL  above 

gTAte 4    3 

Length  of  grate 8    9 

Width,... 4 

Area 10  »q.  1&  sq. 

Heating  Kurfacc  *,    tubeii 

(outside) 744  2,284  «|.  a. 

Ueatiugfturfact^i  firebox,     56  80  aq.  ft. 


Total 800 

Wngkt  ill  working  order : 


1,314 


ton«. 


On  leading  wheels  ..........**..  8 

On  fVont  pair  of  coupled  wheels. .  12 

On  hind  pair  of  coupled  wheeU. .  12 

On  trailing  wheelei. 8 


tons, 
10.3 
12.0 
12.0 
6J 


TotJil  weight.. ,  40  43.0 

Weight  available  fbr  adhejiiou...,     24  24 

Capacity  of  water  tjinkji 880  gallona 

Quantity  of  coal  carried 2|  tons 

One  of  the  engines  wa»  subjected  to  some  trials 
with  a  train  of  forty  carriages.  In  passing  round 
the  terminal  curve  of  25  metres  (82  ft.)  ratlins ^  this 
train  covered  three-quarterj*  of  a  circle*,  seven  car- 
riages projecting  beyond  the  engine  and  half  the 
train  proceeding  in  the  opponlt^j  direction  to  the 
latter.  In  another  trial  a  train  of  thirty-se\'en 
«  .  rrrying  l/itH>  soldiers,  run  from  Bourg- 

I  Orsiiy  round  the  terminal  circle  at  the 

I  ascended  the  incline  of  1  in  180,  and 

r  the  point  <»f  departure  in  43  minutes. — 

1  'run  wai*  -8  kiloiuetreSj   or  about  17^ 

r  I  ; .  a  t  he  average  apeed  waa  about  24  4  m  i  lea 

|>  The  reverse  curves  at  Palalaeau  (328  ft. 

Vadium)  waa  traverifed  at  25  iiule«  per  hour,  and  iho 


"I  m  i 


ttSImn^  \ 


terminal  circle  at  Clrmv  at  a  #t^<«l  < 

niUeB  r-  ^     •-      T'     ■'•"•  .  ■  ' ' 

year  i 

cost  '  I 

iVancs  per  kdometret  or  4  ^ 
for  lubrication  0.18  fraric^ 
I  per  mile.     The  ctwt  of  lr;*^Liti4i  v<«  * 
O.VJ  francs  per  kilometre,  or  from  U 
per  mile. 

Thin  system  of  locomotives  aiid  car« 
constructed)  is*  that  ot  M.  An»m%,  and  Ub 
in  regular  and  tiucct5!>afiil  u|K*ratioQ  for  piik 
years. 

STJtKX*  V.  "BwfT*' Im^iir  Raiui^^ — In  tW  i 
of  1807,  Captain  T  - 

visited  the  Grattd  7 

report!  '  --   " >  *  _^,,  ,,., 

and  III  v<  qoa 

rails,  *     i  : .  >^ii 

The  diiUculty  of  <> 
luia  of  lati^*  yeara  beeii 
Induced  an  outcry  (o^ 
would  nototluxrwi»e  I.  > 
has  resulted,  and  mii< 
the  want  of  ralln  of  :: 
istlll  more  in  the  I'mlvni  .  . 
In  Cunadii^  a^  elsewher*' 
laniinatioUj  of  steel-beo'deu 
aidered  tliat  it  would  be  betU^r  ^Siskiuvtaj  Ifl  lU«ii 
to  lay  down  stoel  rails  than  to  couttmie  l»Mm  im 
with  such  lamentable  rcsidta.  .  .  ,  Bui  1  htm, 
after  careful  inspection  and  ioqutry,  brmmit 
viuced  ilmt  iron  raiU  of  nppruprialv  fiprnit  if  i 
ble  and  reasonably  good  quality,  and  of  (  " 
hardnesa  in  the  heads,  may  tK<  m  uio  to  la^  ql  i 
paru  of  the  nndu  line  for  ii: 
average  of  the  Grand  Trunk 
moro.  .  .  .  The  chance  of  |irui;uii£4§  ocs  f^  d 
BUi»erior  quality  lies  prol^bly  iti  iriM^ttiig «ft  alap^ 
term  of  guaraiitt     "  '.«'*1, 

ing  the  most  rel;  .md  In 

a  price  commeitAij.  ..<•    iti^,,  i.„    ^ct.ii^  uf  dMOrty^ 
No  manufacturer  net^i  have  any  fei«r  of  i 
the  guarantee  to  ae%eu  or  even  lea  ymn  If  hti 
fiiniish  a  suitable  rail. 

The  priu:tic4d  result  of  Captain  lyief^  imm^ 
mendations  i»  not  at  all,  however,  what  wia  viiiii, 
and  it  provc-»  that  the  ''  outcry  "  fur  slori  r«Ak  ^ 
which  he  refers,  was  v.  *'  i  wdj  Ibiii^rfi  It 
tlie  company  ^s  liuitr'-;  ^  t«ei<pn  mnrk : 

The  direcutrs  regit l     ...     ...  null  tval  wtf  C»« 

tills  country  in  1807,  pQreha»Ml  (Vuia  t^  Ik^ 
makers,  are  not  giving  sat  isf.iction .  The  dinpctm 
UM>k  every  precaution  to  6v  >t  raisvliA 

CH)uld  be  made,  and  exa4  •  u-*^  Crtm  At 

makers  which  they  ari  **      ^  ' 

quantity  of  st^l  raib 
placed  on  a  part  of  tlit^  >w>< 
heavy,  phow  no  signs  of  gi . 

The  engineers  of  the   c*  j   ..  i   •-•    i.    r 

Haunaford  and  J.  F.  Barnard,  m  tbcir  rwfifMiU^ 
directors f  state  that, 

The  rails  latterly  re-roUed  in  ibii  Waited  Sufli 
and  Toronto  have  proved  kuperior  la  Btv  f^  ** 
port^  tVotn  EugUuMl.  This  if  a  ftrr  iflfiltitf 
tVct.  a»  we  are  of  opinioit  m^w  rallii  oadf  mtMS 
direct  from  the  mine  wt,,>Mh|  >».♦  tv^rt^r  iu  r«t.T 
respect  than  rath  ma^l 
from  successive  re-hea 
fere&t  qualities  of  kmi,  iU4ua  of  ym!K^iU}f  p^* 
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'  to  nils  made  (torn  new  iron  properly  manu- 
d.  In  former  years  imported  English  rails 
t  stood  the  test  of  our  climate  with  success, 
_  I  of  lighter  section  than  those  now  laid  ;  and 
^lare  unable  to  understand  why  English  rails  can- 
^Mbow  be  made  to  stand,  and  must  press  upon  you 
-^  urgent  necessity  of  insisting  upon  the  works 
-Oiplqyed  to  make  rails  for  us  in  England  turning 
Mm  out  better  than  those  imported  during  the  post 
WlM  years.  The  complaint  we  now  make  about  the 
UfHlUy  of  English  imported  rails  is  almost  universal 
:  iBong  all  railway  companies  in  tlie  United  States 
■d  Canada.  The  one-third  of  a  mile  of  Bessemer 
ileel  rails  laid  in  1865,  near  Kingston,  continue  to 
"^Mom  no  failure  ;  not  one  rail  has  been  replaced,  or 
WuAj  to  be  for  years,  although  the  traffic  at  this 
plMB  la  more  than  ordinary.  Some  of  the  best  iron 
nib  l^d  at  the  same  time  and  locality  as  the  steel 
jMve  had  to  be  removed,  and  others,  considerably 
woniy  must  come  out  this  year.  The  general  condi- 
lioa  of  the  track  and  works,  as  compart  with  former 
yuan,  ia  satirfactory,  but  we  would  again  call  your 
Mfneat  attention  to  the  question  of  the  quality  of 
tepoited  raiUi,  as,  until  we  get  English  rails  to  stand, 
Ifce  annual  cost  of  renewals  of  iron  must  of  necessity 
■uBtlnne  heav}',  and  during  the  present  year  wc 
■oat  incur  a  large  outlay,  owing  to  the  bad  quality 
■f  moat  of  the  English  rails,  and  their  need  of  be- 
liig  rapUced  before  they  have  lasted  even  the  lowest 
Etcrage. — Enginttring. 

Dmn  oa  Passengers  and  Tonnage. — ^Mr.  Ash- 
bel  Welch,  General  President  of  the  Camden 
k  Amboy  &  New  Jersey  Railroad  Companies,  states 
ft  ▼«▼  large  case  in  a  very  few  words,  in  Appendix 
5.  of  the  late  report  of  the  said  companies : 

When  these  companies  were  incorporated,  during 
the  infancy  and  inexperience  of  railroad  legislation, 
is  was  unfortunately  provided  that  they  should  be 
taxed  by  transit  duties  on  passengers  and  tonnage. 
rhb  amounted  to  ten  cents  per  passenger,  and 
Hleen  cents  per  ton  between  the  Delaware  and  Rari- 
kan,  and  twenty-seven  cents  per  ton,  and  not  quite 
Sfteen  cents  per  pa.ssc>nger,  between  the  Delaware 
ind  Jersey  city.  While  only  passengers  and  high- 
daswd  goods  were  carried  by  rail,  this  tax  was  not 
fto  aeverely  felt;  but  when,  contrary  to  the  contem- 
plation of  the  law,  low-classed  tonnage  sought  the 
rail  route,  its  embarrassing  and  paralyzing  etlect 
was  found  to  be  greater  than  any  one,  not  called 
upon  to  deal  with  the  subject,  can  readily  uuder- 


Where  there  is  no  tax  on  tonnage,  it  is  the  true 
btereat  of  railroad  companies  to  make  a  moderate 

Kt  per  ton  on  a  large  tonnage,  rather  than  a 
n*  profit  on  small  tonnage ;  for  the  increase  of 
tonnage  and  consequent  increa.<fe  of  intercourse  in- 
creaaea  their  other  businesH.  But  a  tax  on  tonnage 
prohibits,  or  at  least  limits,  this  policy.  For  ex- 
ample :  if  the  profit  on  one  ton  of  railroad  iron,  be- 
tween Trenton  and  Jersey  city,  is  flAy  cents,  without 
tianait  duty,  tlien,  with  the  transit  duty  of  twenty- 
seven  cents,  it  becomes  twenty -three  cents  net  to 
the  companies.  But  if,  by  reduction  of  rates,  the 
quantity  is  increased  tenfbld,  as  in  this  cose  is  pro- 
bable (Uie  cost  in  conse<iuenoe  being  also  reduced), 
and  if  the  profit  is  then  twenty-five  cents  per  ton, 
wIthoQt  transit  duty,  the  aggregate  profit  is  $2.50, 
or  live  timea  as  much  as  on  the  one  ton ;  but,  with 
the  tranait  duty  of  twenty-seven  cents  per  ton,  there 
MMMa  a  net  lose  of  twenty  cents  on  the  ten  tons. — 


So  such  a  reduction,  as  is  highly  advantageous, 
without  the  transit  duty,  would  be  impossible  with 
it.  The  transit  duties  on  tonnage  were,  therefore, 
sometimes  prohibitory — always  restrictive  in  their 
operation — and  cheap  transportation  was  impossible. 
The  odium  of  this  fell  mainly  on  the  companies. — 
They  were  taxed  excessively  by  an  unexpected 
operation  of  the  law,  and  punished  by  the  public 
for  being  so  taxed. 

Ettbrts,  heretofore  mode  to  cure  the  evil,  have 
failed.  Public  men  have  feared  to  touch  the  sub- 
ject, as  the  action  required  might  endanger  the 
revenues  of  the  State.  At  last  the  companies  ap- 
pealed to  the  people,  and  found  them  in  advance  of 
their  representatives.  It  was  not  supposed  possible 
to  do  more  at  first  than  to  modify  the  transit  duties 
on  the  lower  grades  of  property.  But  with  tlie  un- 
expected support,  and  even  pressure,  of  the  people, 
and  under  the  enlightened  advice  of  tlie  chief  magis- 
trate of  the  State,  the  Legislature  wiHcly  abolished 
all  transit  duties,  and  substituted  other  taxation. 

The  new  law,  in  effect,  commutes  the  annual  State 
taxation  of  the  companies  at  that  of  1868,  which 
was  not  quite  $800,000.  The  annual  increase  of 
transit  duties  paid  the  State  for  the  last  eight  years 
has  been  between  $15,000  and  $16,000.  The  new 
connections  of  the  companies'  works,  with  the  roads 
leading  south  and  west,  the  pressure  uiwn  them  of 
cheap  property,  at  low  iVeights,  the  diversion  (con- 
sequent on  the  consolidation  of  the  companies'  in- 
terest) of  traflic  to  the  Jersey  city  route,  wliere  the 
taxation  was  highest,  tend  greatly  to  accelerate  the 
rate  of  increase  of  transit  duty  that  would  have  been 
paid,  in  addition  to  the  acceleration  due  to  the  gen- 
eral increa.He  and  returning  prosperity  of  the  country. 
Large  as  the  fixed  amount  to  be  paid  is,  it  is  much 
smaller  than  the  transit  duty  would  have  become  in 
a  very  short  time. 

But  the  greatest  advantage  of  this  change  of  tax- 
ation is,  that  it  gives  the  companies  the  free  use  of 
their  own  works — i-eraoves  the  dam  which  has  so 
much  obstructed  their  traffic — allows  them  to  in- 
crease their  business  without  paying  enormously  for 
the  privilege.  The  excessive  disparity  heretofore 
existing  between  the  taxation  of  these  companies 
and  thai  of  other  railroad  companies  in  the  State, 
though  not  removed  by  this  law,  is  prevented  from 
increasing.  The  greatest  burden  was  not  the  amount 
actually  paid,  but  the  amount  that  would  have  been 
paid  if  the  roads  had  been  worked  to  the  best  ad- 
vantage. 

Borsig's  Express  Locomotives — ^Tliese  engines 
are  used  for  what  is  termed  "  fast"  passenger 
traific  on  the  Rhenish  railway.  They  have  four  coup- 
led wheels  5  ft.  6  in.  in  diameter.  The  leading  wheels 
are  8  ft.  4  in.  in  diameter,  and  the  total  wheel  base 
is  18  ft.  6  in.,  the  distance  between  the  centers  of 
the  coupled  axles  being  8  ft.  2  in.  The  trailing 
axle  is  placed  below  the  firebox,  the  firegrate  being 
inclined  ;  and  the  driving  and  trailing  springs  are 
connected  by  comiR^nsating  beams.  The  front  ends 
of  the  two  leading  springs  are  also  connected  by  a 
transverse  comi>ensating  beam,  which  oscillates  on 
a  center  below  the  fVont  end  of  the  boiler ;  and  it 
follows  fVom  this  arrangement  that  the  engine  is 
virtually  carried  on  three  points.  All  Borsig*s  en- 
gines are  sup^wrted  on  the  springs  in  this  way,  and 
the  same  or  equivalent  arrangements  are  adopted 
on  almost  all  (xerman  locomotives. 
The  cylinders,  which  are  10  in.  in  diameter  by  22 
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in.  utroke,  are  ouUsido  j  and  so  aI»o  is  the  vnivc 
gear,  which  is  tif  tljc  ^*  straight  link  ''  kind.  Owe 
peculiar  feutarc  in  the  boiU^r  of  tlio  engine  yxa  arc 
dcJHTibing  is  the  pre  At  height  given  lo  the  firclxix 
cusingr  a  feiiture  which  has  l>c*en  t*5tenaively  iwlopt* 
ed  by  Borsig,  both  for  the  puri*o8e  of  giving  uddi- 
I  titmal  steani  room,  and  jvddisjg  weight  to  the  enifim* 
1  »l  the  hind  end.  In  ndditiun  to  the*  raised  firt*U>x 
f  c^tsiiig  the  boiler  is  also  provided  with  a  dome  24  { 
in  in  diameter  and  3  fl.  6  in.  high  at  the  leading 
cnd>  The  tYont  and  back  of  the  iiret>ox  casing 
above  the  firebox,  and  the  fimokebox  tubeplate 
abiive  the  level  of  the  tuheii.  are  stayed  by  plates 
on  i'dgf^  secured  to  them  by  srtpong  X  and  iingle 
iroiLi-  The  crown  of  the  tlrebox  is  support^'d  by 
bi-ing  conneeted  to  trau»  verse  girdera  or  stay>», 
which  extend  across  the  firebox  caaiug  from  side  t« 
Ride,  and  which  thus  serve  qa  ilea  between  thesie 
*ide$  in  addition  to  supporting  the  firebox  crown. 

The  barrel  contains  171  tul)es,  IJ  in.  in  diiiineter, 
and  11  fl.  l^  in.  long,  thest^  tubt*s  being  ot'  iron  with 
copper  ends.  The  heating  surface  kiV  the  fin-bux  is 
W  »qnare  feet,  and  that  ol'  the  tubes  (external)  930 
scfuare  feet,  making  in  all  a  heating  Kuriace  of  909 
I  m|tmre  feet  The  weight  of  the  engino  is  80  tons, 
emptyj  and  fl3  tons  14  cwt.  when  in  working  order, 
thk  latt^  weight  being  dividt^d  a«  follows : 

UmB,       cwt. 

On  leading  wheels U  14 

Do  driving   wheels 11  0 

Ou  traiUng  wheels.^. 11  14 


Total. 


33 


14 


The  engme  is  provided  with  a  six-wheeled  tender, 
weighing,  empty,  ll|  tons.  In  the  year  1867, 
Borsig  supplied  ten  engines,  of  the  class  we  have 
described,  at  the  price  of  X-,550  per  engine  and 
lender,  and  last  Uecernbei  he  received  a  further 
order  for  twelve  such  locomotives  at  the  price  of 
Xi!,5ii3  per  engine  and  tender.  Tbi-s  type  of  engine 
h  illustrated  in  "■  Engineer ing/'  May  21,  1807- 

MB.  Scott  BussKLL  aud  H.ulwat  FEaBiss. — A 
little  more  knowledge  of  the  fact.s.  if  not  a  reo* 
ti^nable  amount  of  courlesy,  would  have  saved  some 
of  our  American  newnpuperi,  technical  and  other- 
wi.*Ar,  the  discreditable  mistake  of  abusing  Mr.  Scott 
KusHcIl  about  what  he  h;iji  Huid  and  dom.'  regarding 
the  introduction  of  railway  ferries.  The  animus  of 
the  prime  mover  In  this  erumade  against  Mr.  Rusnell 
may  be  observed  in  the  wild  way  it  g(xjs  about 
abnsitig  thai  gentleman — for  instance — by  sa3'lng 
that  the  p^tddle  engines  of  the  Great  Eastern  were 
a  failurei  the  fiict  being  that  they  were  a  groat  sue* 
cess. 

It  seems  to  **rile"  the  American  eagle  beyond 
all  endurance,  that  Mr.  Russell  designed  and  exe- 
cuted a  ship  to  ferry  railway  trains  across  Lake 
i'onstanee,  and  then  de^crilkMj  it  in  a  paper  Ix-^fore 
the  Institution  of  Kaval  Architects,  and  urged  a 
similar  means  of  transit  IkHwcou  England  und 
Frjuice.  And  why  ?  Because  the  .same  thing  wa> 
di*ne  in  America  before !  To  be  sure  Mr,  Kuj*4*ell 
said  in  his  paper,  **  I  must  say  that  it  ts  not  me 
the  English  jK-ople  have  to  thank  for  having  made 
thi*  i'XiM'riment  for  them.*'  He  descriW  a  work 
€>f  hJH  own,  and  as  his  own,  when  a  similar  work 
t^lwd  been  done  in  America  itt/ore.  That  is  bis 
'  aflenw.  Snfipo»e  he  had  built  a  North  river  steamer 
or  a  twlti  screw,  and  had  then  urged  their  farther 
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adoption  and  magnified  the  dr  lAih  ^tf  H^  citii 

without  claiming  credit  foi  ' 

we  have  gone  mad  over  i 

is  tkn  notoritmsly  of  A 

river   »t earner  or  th> 

Scott  KusMell  begin  L,    ,*.«i^,».^ 

evt^ry  time  be  speaks  ut   hia  ccm»4nirt>i  i 

American  Ij-pe  ? 

Mr.  Russell  hat,  on  several  oocAsiow* 
the  Havre   de  Uwce  rnilwny  ferry  »t  « 
few  lure  of  Americim   practice*  anrJ   ' 
iK'cn  the  sdmirer  and  »idvt»cale  of  ^ 
features  in  Ani*^  '      . ,  lu 

Htructiim.     A  ii  ilw 

stri^ies  grown  un. Q<it 

dered  more  fVequent  and  1  pu 

more   graoefid,  tribute    l»>  nv^ 

than  Mr.  Scott  Kinwell  h^  uw,!.,*  ; 
speeches  ami  wrifin"^,  for  f  fw*  !;*•»  tj< 
fact,  the  L' 
the  A  me  I 

Mr.    Scutt     Iv..-..   .,     ...n*     .1,.^    --^M, 

engineer  to  abuse  Mr.  Scutt  Kuasell  is  • 
graci^fuL 

APPAEATUS   fOR  TeSTIXO  RaILS, lit. 
Llernur,  formerly  of  V  ■'-'■^    «.^.i  «., 
abnHid,  p2Ltented  M*jnie  nii  • 
tua  of  which  the  following 

*^  The  object  of  my  in  vent  i- 
apparatus  in  which  the  rail  is  ^ 
of  1  rials  similar  in  its  resuU^  la  iciuiil  u 
laid  upon  the  rr»ad.     For  this  pnr]»oac*  1 
cular  track  composed  of  3,  4,  or   mure  tjiu  ir 
pit*oe!»  of  mih),  making  a  circle  of  frtitn  20  i4r  Mif 
more  feet  in  diameter,     i  h.  n...  tr ..  i*  r  r,i..    .  r^ 
supported   by  four,  six,  « 

tlje  axles  of  which  point  r  _ 

circular  track.     The  wheeU  to  be  ^ 
tern  and  make  as  actnally  Mr>»  fo  U 
road  for  which  the   rails  n 
car  to  be  loaded  with  the 
the  greatest  load  ihey  wii: 
use  upon  ilie  rt»ttd.     The 
braced,  and  to  be  strongly    .:       .. 
that  when  a  rolar)*  motion  i.t  givrn  t^  ibr  imtf« 
this  motion  will  be  participiTiM!    in  by  th*  'jttrf  I 
beveled  cog-wheel  bt?ing  jti 
of  the  hhalY  for  the  purpov 
of  a  stationary  steam  engii 

*^  What  is  cliiimed  m»  r 
car  revolving  by  means  o! 
ported  by  four,  eight,  or  i 
which  point  towards   saiii  isf  < 

car  upon  a  circular  track  ui  i 
purpose  of  submitting  both  i. 
test  of  usage.'' 

This  plan  has  rec<?nUy  beeu  prvp* 
by  other  pauies,  and  it  Is  tu  be  hopcu  tuvi  i,u  > « 
jwriment  will  be  curried  out, 

RoLLiNo  Stock  of  thic  C  ^  i"Ji 

Compiiny  has  now   n  * 

Besides  these   ther*^  ■*-'■  ^ .  -^  « 

San  Francisco.     Th-  ntitdti 

for,  yet  to  arrive.      3  i  ''^^ 

are  from  eleven  difieient 
>>er  fVoTii  one  firm  l»eing  * 
28  from  the   Danforth    1 
from  the  Sclienectndy.  1<' 
etc.,  only  one  being  lYom  i>'n»ifi  ^v  tV., 
Cisco.     Two  have  drivers   3   fl.   9  l». 
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reutf  hai-e  six  driTenr  4  ft.  diameter  ;  tyftin- 
lifcTC  »ix  drivers  4  ft.  6  m,  diameleri  forty 
itr  drivers  rttuglog  from  5  ft.  6  in.  to  &  t\. 
r\  aisty  ha?e  fQur  5  fotjt  drivers  eacli  i  and 
e  four  6  ft.  6  in.  drtverip  Excepting  two 
icomutlvesj  iriih  two  drivers  each  and  11 
ideriT  1^-in.  Ktroko^  the  !ocomolin*a  run 
luid  l^Hn.  cjUndesrs  and  22  aod  24-in. 
Tbe  cnginiaa  under  contnwt  li:tvy  six  driv- 
sri  dijuneter^  18-mcb  cylinder ,  and  24-in. 

coipniiy  owTjs  1  ^400  platform  cars^  nearly 
ifcb  hikvv  been  made  at  SaiTamento.  Tbe 
mber  uf  box  cars  on  tbe  road  \h  300^  with 
ue  at  tbe  rate  of  30  a  week.  Of  compwite 
,  mail  and  express  cars,  then?  arts  17  m 
id  otbers  constructing*  Of  hand  cora  and 
rs  aud  £^;€tion  catfj  th^re  ore  123^  and  more 
Tiifl  pat^senger  c^ri  arts  not  very  unmor- 
l  ba»(idea  t^^n  in  n»e^  four  are  makiirg  id  tbe 
d  tliere  are  ten  contracted  for  in  iImj  East, 
ipaay  also  own  a  handsome  family  carriage, 
rping  cars  will  come  from  the  ea*t,  aud 
wpi  OD  those  sections  of  ro^d  where  nigbt 
5  is  done. — Jmeritan.  Railway  Time*. 

OTTiKO  Machine. — This  dt^viccj  built  by 
Jaurietj  of  I  be  ChicJig^>  Burlmgton  and 
iliops  at  Aurora,  is  thus  described  by  the 
JO  Railway  Be^i«w ;"  Our  re*dor«  ore  awar^ 
I  are  generally  laid  level  upon  the  lies^  witb 
t  iff  bringing  the  whole  weight  of  tht  car 
i  inside  of  the  rail  and  the  ini^idc  of  the  id* 
oUing  surfiice  of  tht^  wheel.  Mr.  Janriet 
d  the  idea  of  laying  the  ralL  iso  as  to  incline 
on  the  same  levt'l  t\s  the  Burtlu^e  of  the 
The  old  hand  process  of  doing  this,  witb 
ilotf,  uDeqiial,  and  cmth  more  than  it  cornea 
>  tie-apotting  moebine — jittacbed  to  a  car 
sported  from  place  to  place  on  the  line — 
generally  defM^rlbed  as  cou^isieing  of  two 
shatli,  witb  knive«  attached,  to  which  the 
brought  by  means  of  a  chain-fet'd.  The 
■e  ii4f tifttabks  eK»  as  to  "  i^pot  ^'  at  an  angle, 
ordinary'  manner.  Tbe  machine  ts  operat4>d 
igine  attached  ;  and  requii^es,  besides  the 
.  six  men  to  operate  it,  who  do  the  work  of 
een  to  twenty.  A  rt'csent  experiment  re* 
tbe  spotting  of  ^vt!nty-»ix  tieii  in  fiileen 

o,  BcttLiNOTOw  ASn  QtTiNCT  Snopt  AT 
»RA. — We  condense  the  following  from  the 

0  Hail  way  Review  :'^  The  present  old  w^nrka 
-a  are  to  be  enlarged  as  fcjUoWji :  Car  shop, 
CN)  ft^f  two  stories  ;  setting  up  sbop^  200  by 
ar  machine  ebop,  100  by  90  ft.}  car  smith 
ariy  done),  200  by  90  (l.\  paint  shop,  200 
;.;  drying  kilns,  lumber  sbedi*,  a  tin  and 
fp  mid  A  fire  proof  engine  and  boiler  house. 
engine  house  <40  sluXU)  will  remain,  and 
IT  ill  be  addled.  The  present  macbme  shop 
y  50  fl.,  ■  tucked  with  Bement'H  and  with 
oolsi  among  which  are  26  lathes,  8  planers, 
lUing  and  boring  machines.  The  piesunt 
op  ii  80  by  60  ft.,  and  has  a  4,000  lb.  Be- 
ry  hammer.  The  boiler  shop  is  60  by  50 
re  ore  alfio  a  brass  foundry,  an  oil  house ^ 

1  repa  iring  shop .  T  he  locomot  i  *e  super  in  - 
I  Mr.  Q.  F.  Janriet,  and  the  superintend- 
I  ^r  defMTtment  Mr.  W-  W,  Wikox. 


nmcAGo  ANn  AiToit  Shops  at  Bt,oOMiNQToif . — 

I  w  The  original  shops  at  this  place  were  bnmed  in 

1 1867.     Temporary  .works  were  improvised   within 

i  the  old  walls.     The  new  works  are  more  than  half 

completedt  and  will  have  cost  about  five  bundred 

thousand  dollars.     They  are  bniU  of  rough  dressed 

stone,  and  liave  slate  roofs  on  iron  trusses.    Gas 

lighting  and  liteam  heating  are  extended  to  every 

part. 

The  two  engine  bon^^  (one  completed)  are  1^0 
ft.  in  diameter,  for  28  lociiraotives  each.  Tbe  ma- 
chine shop  will  be  260  by  100  ft.  witb  a  wii^  80  by 
46  ft . ,  and  engi ne  and  boiler  bouse  attuned-  There 
t(»  to  be  a  transfer  table  outsidn  of  this  buildiDg.— > 
The  smith  shop  is  to  be  200  by  100  a.;  the  boUer 
shop  180  by  60  ft.;  coal  shed  126  by  40  ft.;  iron 
lionne  80  by  50  ft. ;  foundry  210  by  60  ft.,  and  clean- 
ing room  attdched,  fjO  by  45  ft,. 

The  car  Hhop  i^  263  by  80  ft.;  the  car  modtine 
shop  20O  by  76  ft.  (2  stories),  with  outside  transfer 
table  and  attached  engine  bouse  |  the  paint  shop 
172  by  75  ft.  A  two  story  office  and  titore  building, 
120  by  60  ft.,  is  centrally  situated. 

The  superintendent  of  madiioery  is  Mr.  J.  A* 
Jacknmni  the  superintendent  of  the  car  shops  id 
Mr.  Rufus  Reniir. 

COMUIiNiCATIOK         BEtW£E»      PASSEKGtR        AKD 
GVA&t>   TO    BK     INFOftCtn    111    EMGLAJCH.^Thd 

Act  for  the  Rcgulution  of  Hailways^  passed  last 
session,  providi^d  that  '^ after  the  1st  of  April, 
18^y,  every  companj  shall  provide  and  maintaia 
in  working  order,  in  every  train  worked  by  it 
w^hCcb  carries  passengers  and  travels  more  than 
twenty  miles  without  stopping,  such  etScient 
means  of  communication  between  tbe  passengers 
and  the  iiervaots  of  tbe  company  in  charge  of  the 
train*  as  the  Board  of  Trade  may  approve.  If  any 
company  make  default  in  complying  witb  tbis  sec- 
tion, it  shall  be  liable  to  a  penalty  not  exceeding 
£10  for  each  case  of  default.  Any  passenger  who 
makes  nse  of  the  said  meanp  of  commnntcation 
without  reasonable  and  sufilcient  cause,  shall  be 
liable  to  ft  penalty  not  exceeding  £5,"  The  Board 
of  Trade  have  extended  tbe  time  in  order  to  afford 
further  opportunity  for  further  testing  the  merita 
of  the  numerous  plans  submitted  to  tbe  companies. 

STEBL  Rails. — Stt^el  rails ^  it  is  r€pt>rtcd^  are  to 
be  laid  on  the  entire  Length  of  the  railroad  from 
Paris  to  Marseilles.  Tbe  change  fVom  iron  to  steel 
will  refjnire  1ST  ,000  toiis  of  steel.  From  experi- 
ment made  by  tbe  company,  it  has  been  calculated 
that  in  the  vicinity  of  the  stations  iron  rails  will  not 
lost  over  eight  or  ten  years.  Tlw  uteel  rails,  it  is 
believed,  will  last  thirty  or  fcirty  years.  Tbe 
bridges  are  to  be  constructed  of  steel  as  soon  a^ 
iron  ores  suited  to  the  manufacture  can  be  obtained 
in  sofBcient  quantity. 

Tbe  Erie  Katlway  Company  have  completed 
17,000  tons  of  steel  rail  on  their  road — not  a  broken 
rail  since.  They  have  purchased  the  New  Jersey 
Iron  Works  and^bosc  at  Elmira,  and  are  now  turn- 
ing out  about  400  tons  of  steel  rail  every  month. 
Within  a  year  the  whole  line  will  be  relaid. — 
Jfmeriean  Jmtrnal  of  Mining. 

LOCOMOTIVE  BoiLBR  EXPLOSIONS. — "No  ffewer  thui 
fourteen  locomotives  have  exploded  within  the 
seven  months  ending  June  Ist,  in  the  United  States^ 
killing  twenty -nine  persottft  otitrigbt  and  sevtroty 
woumling  a  much  greater  number. 
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TUfi  BiioAiy  Gauge,  as  regards  the  niidlaod  dis- 
tricU  of  Eugliiiid,  jb  now  a  thing  of  the  pajit,  the 
Great  Western  Kail  way  Company  haviug  ceiw^d  to 
run  any  broad  gauge  pAasengtT  train*  betwi-eu  Lon- 
don and  Birmingham.  Wolverhampton  and  Liver- 
pool. Already,  too,  on  the  brancti  between  Head- 
ing and  Bii!*JngHtoke,  the  third  rail  bm  been  remov- 
ed, thus  converting  that  line  from  a  mixed  giuige 
into  an  entirely  narrow  gauge  line,  and  connecting 
the  Great  Western  Kvsteui  with  the  Londi*u  and 
Suuth-Western  Railway  and  the  south  of  England. 
In  uddition  to  thin,  the  whole  of  the  broud  gauge 
lines  north  of  Oxtord  will  immediately  be  taken  up, 
removing  iu  the  midland  counties  the  last  trace  of 
the  system  of  one  of  the  two  great  rival  engineers, 
whosse  plans  were  so  biiig  hotly  c<uit«sted^  and  cele- 
bhtted  as  **  the  tMttte  of  the  giiages." 

ANOTHKJl  BBinOE  AcROSS  THE  Mb»«t.— Meai^Ts. 
William  Low  and  George  Thomiw,  civil  engi- 
iieerH,  have  submitted  to  tlie  Mersey  iJoek  and  liar- 
btmr  Board  a  letter  and  pians,  illustrating  their 
scheme  of  cros^ing  tlie  Mersey  by  meanw  of  a  rail- 
way suMpensiou  bridge  bet\vtH?n  Liverpool  and  Birk- 
enhead. It  will  eonsbl  of  three  ftpaiuj,  the  center 
one  1,H(K)  ft.  in  length,  and  the  <ithers  900  ft.  each, 
and  will  W  140  ft.  above  high  water  murlt.  The 
bridge  wfiold  unite  the  varitniw  railway  lines  in  Lim- 
coshire  and  Cheshire.  It  will  lie  under  two  miles 
bnig,  and  the  total  cost  In  estiniattd  at  £  1,750,000- 
Th  is  would  be  the  sort  of  thing  to  try  <*ur  eugineer- 
ing  mettle  kibre  we  venture  to  bridge  the  Irish  and 
BriiiHh  channels. 

IVTicir  Injjiaji  Railwat. — Opeintions  in  connection 
1.1  with  the  laying  oot  of  a  new  and  important  line 
of  railway  connnnnication  have  just  been  cominencd 
hy  a  stall'  of  British  civil  engineers.  The  line  is 
designed  to  connect  Car  war,  on  the  Malabar  coast 
and  the  cott^ni  districts  of  Hoohlt?e  and  Dhawafj 
with  the  probability  of  its  l)eing  carried  through 
into  the  Madras  Presidency.  The  line  h  to  be 
designateii  ^*  The  Southern  3tahratta  and  Myiore 
Kailway.''  There  will  Ix*  iijrmidable  ditliculties  to 
contend  with  in  '^carrying  the  line  up  the  deiistely- 
jungled  ghaut, ^'  with  an  elevatbm  of  Konie  1.500  ft, 
The  undertaking  in  t^j  be  carried  out  under  tlie  di- 
rect orderM  of  the  governmeot. 

I^'fiE  St.  Gothabd  Kailwat  Schemk.^U  is 
rumored  that^  in  addition  to  a  subvention  af 
50,0<Xl,LKKJf.  to  this  scheme,  Prussia  ifi  now  ready 
to  renounce  her  rea!  or  imaginary  right*  over  the 
Swiss  territory.  The  project  ha,s  been  well  received 
in  Switzerland,  the  Northern  nnd  North- Ea.iterii 
Kailwayseach  contributing  y.OlKJ/Mlf ,  whilst  the 
viiTiouB  German  cantons  will,  it  is  expected,  vote* 
considerable  sums  in  luldition  to  tlie  Federal  e*ub- 
eidy, 

fl^HF  CiTAJiiVEii  Bbido]?. — M.  Bowtcl^s  flystom  of 
X  excessively  long  spans  (^,282  yards)  is  l>eing 
tested  by  models  of  one  hundredth  slsie.  and  up^in 
the  succcAS  of  one,  the  **  Journal  CWticiel  de  I'Einpire 
Francais ''  says  :  '*  The  project  of  a  bridge  ovtir  the 
ftlralt*  makes  ea«h  day  further  progress,"  •  •  • 
**  The  problem  is  resolved  that  bridges  and  viaducts 
ot  tvery  size  can  be  constructed  in  a  single  arch 
ulthout  piers  from  bank  to  bank  T' 

fFiiK  Cbeusot  works  have  secured  a  fresh  order 
X  for  locomotives  (flfty-flve  altogether)  on  Rus- 
iUd  account. 


LEOWLATlONTOATn    llinwiT*  — 
weeks'  »L'»ion 
introduced  in  the  S- 
of  public  lands,  Ihjh*U,  Mr  < 
railway  projc*ct«.     The  l^&ntl 
from  one  to  ifighty  thon»<itnd  >t.*  t 
and  amount  in  the  aggregate  to  Ab' 
million  acres*. 

RAILHOADS  V8-  STCAlfiKiATS.^-Drai 
and  steel  rails  are  t  *       ♦o  Perwk 

SMjlid  crunfortH  which  pK  •  Ivn  bait- 

tofore  coDsidercd  pecti 
roominejss,  uphoKstery  w^i 
are  all  that  could  b*."  tb  «1  "^J 

better  ventilaton  of  dining -^  ^ 
ing  off  of  steam,  and  more  p 

FAST  RnimiKo. — Train*  on  the  lart 
between   Liverptn*!   and    L«>iid«in  t 
driven  at  the  rate  of  fifty  miles  an  h* 
whole  distance  (2*Xi   mil***)  gw»ronif>Iiii 
hour?*.     There  is  rj' 
sctKjped  op  from  tr 
the  train  is  running  .^^  imw  -p-cu 

ONNECTlCtrr   RlVEB    BrIDGM  AT   MlUDll 

The  Kcystx.me  Bridgi*  ConipiU'         " 
have  contracted    to   build   the    n< 
bridge  on  the  Boston.  Hartford  It  L. .. 
diet^^wuj  Cl.     It  will  be  of  1,'-200  ft«t  ky 
coHt  $176,000. 


C° 


NEW  BOOKS 

piOLoor  Of  Ksw  JpejtiiKT.  By  aiitlM#lty  of 
\I  Legislature  Gko.  H.  CtMrn,  GcologifL  iNL 
9^9  pp.,  with  portfolio  of  eiKhl  liktge  mm.  Pl^ 
Hnhed  by  the  B«»ard  of  H&mi«efs,  18G8.  Irv  T«k 

D.  Van  Nostra  mi. 

This  subsTantial  vohttne  gives  tin  llail  nfmid 
the   gnHjlogical    survey  of  Ntpw  JerKf.    Ti»  M 
survey  of  this  State  was  mudi-  h\  Ptai  Tlmrt  B 
Rogers,  the  report  of  which   s 
A  Mubseijuent  survey  w  a»  eoni 
Kitehcll,  gieologisl/and  Prof 
sistant,  during  the  years  1 80! 
before  the  survey  wn»  - 
legislative  appropriation 
present  survey  wan  anil 
Cook  Sfi  geologist,  and  i' 
labor  and  investigation  'M 
given  in  this  vfilnrae. 

It  consists  of  twti  distinct  portioir*:  tH»  flf't,  **•• 
prising  about  one-third  of  th< 
scientific  expi>sitioo  of  the  ^ 
found  in  the  State.  The  work.  >u  tni'^  «J^|••l•«r*.^ 
lijis  been  mahily  expended  in  extcRdilif  tkBfiOii^ 
cnl  systems  of  New  York  and  P«t»iittyivaiilanMtli 
corresponding  format iniis  of  New  J«rwj»  TkiilS 
not  been  entindy  witb^.^it  d5ffl^nhi^^.  V«^ni»i#i 
few  unsolved  rayst«^^  'U-^  H*' 

geologists   of  the   ii  !!#  81^ 

however,  has  been  « I  lotit^,  Jin*?  »sdl  1^ 

has  been  thrown  on  >  t«  qtiairaDs  of  f^ 

and  lithologirffi  "  *  *' -  jipptasdii  tnllj 

volume  will    1  AAf  c*"i^* 

bearing  on  th*- 

The  second  portion  ot  ^  •• 

the  genera]  reader  mor*  >• 

int4?rested  in  developing  the  r  :Jii 

of  tlw?  greatest  volae.     It  tre 
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of  the  State  with  a  flillness  and  thorough- 
ich  will  he  found  equaled  in  no  similar 
[n  this  respect  Dr.  Cook  and  the  managers 
mnvY  deserye  the  thanks  of  the  people  of 
•9tj  and  of  her  neighbors.  To  the  agricul- 
blic  this  complete  exposition  of  the  extent, 
e  and  the  characteristics  of  those  marvelous 
marl,  will  be  most  acceptable.  Literally 
ilicer  has  for  New  Jersey  turned  the  wilder- 
» a  fhiitful  field.  Many,  for  the  first  time, 
in  this  work  the  first  systematic  and  satis- 
Bxplanation  of  its  value  as  a  fertilizer.  To 
terested  in  mining,  the  chapters  on  the  iron 
will  be  found  especially  acceptable.  A 
nap  is  devoted  to  this  region,  and  the  loca- 
direction  of  all  the  known  iron  beds  are  here 
It  will  surprise  not  a  fbw  to  learn,  from 
rk,  that  New  Jersey,  although  standing 
h  in  the  scale  of  population  among  the 
f  the  Union,  furniKhes  one-eighth  of  all  the 
1  m  manufacturing  iron  stands  fifth, 
ler  economic  products  New  Jersey  is  unu- 
ich.  One-half  of  all  the  zinc  product  of 
:ed  States  is  derived  from  her  mines.  Her 
la  fbrnish  a  vast  variety  of  clay,  from  that 
or  manufacturing  common  brick  to  that 
ill  produce  the  finest  porcelain.  She  has 
la  which  will  furnish  a  bountiful  supply  of 
en  the  coal  beds  of  Pennsylvania  are  ex- 
She  has  immenbc  beds  of  sand,  which  is 
ad  for  the  manufacture  of  glass,  fire-brick, 
Crete  stone.  Her  manufacturing  interests 
cely  less  important  than  her  agricultural, 
has  KTOvt-n  to  be  a  city  of  120,000  inhabit- 
1  is  the  third  city  of  the  Union  in  the  value 
inufkctured  products. 
:cd  as  New  Jersey  is,  between  the  two 
markets  of  the  United  States,  she  can 
il  to  be  one  of  the  most  important  sections 
country.  Cheapness  of  transportation,  the 
r  of  a  market  even  for  the  most  perishable 
I,  the  fertility  of  her  soil,  the  industry, 
id  intelligence  of  her  inhabitants,  ensure  for 
-aey  a  rapid  development  of  her  resources, 
onexampled  career  of  prosperity.  To  this 
Telopment  this  valuable  report  of  Dr.  Cook 
kU  largely  to  contribute.  The  Legislature 
!y  decided  to  continue  the  survey  under  the 
imirable    management    for   an    additional 


ur  Practice  of  the  Electric  Tele- 
LPH. — A  Handbook  for  Electricians  and 
n.  By  Frank  L.  Pope.  New  York:  Rus- 
ithers,  Publishers,  28,  80,  and  82  Center 

C  the  quarter  of  a  century  which  has  elaps- 
tbe  introduction  of  the  electric  telegraph 
United  Sutes,  those  engiiged  in  its  service 
«ii  almost  entirely  dependent  upon  verbal 
loD,  and  long  practical  experience,  for  a 
h  technical  knowledge  of  their  profession. 
■ki  heretofore  published  on  the  subject  have 
i  popular  rather  than  of  a  sci<*ntific  or  prac- 
uracter,  or  else  of  so  elementary  a  nature  as 
little  service  except  to  very  inex|)erienced 
I. 

irork  before  us,  though  very  concise,  is  a 
■iiitable  for  the  practical  electrician  and 
h  operator;  but  it  will  also  be  f(»und  ser- 
to  the  student  as  well  as  to  the  more  ad- 


vanced electrician.  Its  author,  who,  though  a 
young  man,  is  a  telegrapher  of  many  years'  expe- 
rience, and  has  a  thorough  scientific  knowledge  of 
all  that  relates  to  the  telegraph,  goes  very  fully  in- 
to the  various  branches  of  the  8ubject----batterie8y 
magnets,  circuits,  and  insulation.  The  book  con- 
tains a  very  complete  description  of  the  Morse  or 
American  telegraph  system,  explains  the  testing  of 
telegraph  lines,  gives  notes  on  telegraphic  construc- 
tion, and  hints  to  learners,  and  concludes  with  very 
copious  notes  on  various  minor  details. — jSmerican 
j^rtizan, 

LEHRBUCH  DER  GE8AMMTEN  TuNKEL-BAUKUirST. 
YoN  Franz  Rziha.  Ernst  and  Kom,  Berlin, 
1868. 

The  fourth  part  of  the  second  volume  of  this 
magnificent  work  of  Rziha's,  which  we  have  noticed 
at  length  in  past  pages  of  the  **  Practical  Mechanics' 
Journal,"  has  appeared  ;  and  all  we  need  say  of  it 
is  that  it  fully  sustains  the  reputation  of  the  preced- 
ing parts. 

In  the  present  part  the  Belgian.  Grerman  and 
Austrian  systems  (for  they  all  differ  a  good  deal) 
of  tunneling  are  fully  described  and  critically 
compared.  This  is  followed  by  an  elaborate 
comi>arative  critique  and  estimate  of  costs,  of 
timber-fVame  tunneling,  with  a  chapter  or  two  on 
the  methods  of  lining  with  masonry  under  diverse 
conditions  ;  and  these  lead  on  to  the  commencing 
chapters,  in  which  the  author  is  about  to  describe 
his  own  peculiar  system  and  construction  of  cast 
and  wrought -iron  moveable  fVaming  for  tunneling 
without  timber,  of  which  we  before  now  gave  a 
tolerably  complete  sketch  to  our  readers. — Practi' 
eal  JUechanict*  Journal. 

LEITTADEN   ZUR  BeROBAUKUNDE  &C.      YoN  BeR- 
ORATH  H.  LoPTNER.    Bcarb.  u.  herausg.  von 
A.  Serlo:  Erste  Liefrg. 

We  may  fitly  place  this  work  after  that  of  Rziha, 
for  it  treats  of  a  very  analogous  subject.  Tunnel- 
ing and  shaft -sinking  for  railways  liave  much  in 
common,  and  have  in  fact  borrowed  much  in  prac- 
tice fVom  level  and  adit  driving  and  shaft-sinking 
for  coal  and  other  mining.  These  last  are  the 
operations  here  treated  of,  and  treated  of  with  the 
ability  we  are  pri*|>ared  to  expect  from  the  reputa- 
tion of  Bergrath  Lottner,  well  known  in  Germany 
for  his  grand  maps  and  sections  of  the  coal  forma- 
tions of  Westphalia,  Sec.,  and  as  a  Professor  of  Min- 
ing in  the  Royal  Mining  Academy  of  Berlin.  The 
prpDcnt  part  treats  mainly  of  sinking  and  driving 
through  various  "  ground,"  and  includes  all  the 
new  machinery  for  boring  and  holing  each,  and  the 
new  and  old  explosive  agents.  The  work  will  be 
completed  in  three  large  i>artH  (or  volumes,  we  may 
almost  call  them,)  with  many  illustrations  by  ex- 
cellent woodcuts  ;  and  the  successive  parts  will 
embrace  every  head  of  subject  belonging  to  the 
miner's  art,  k<>  far  as  the  entering  the  ground,  se- 
curing it,  and  keeping  the  shafts,  &c.,  level  water 
and  foul  air  free,  are  concerned.  It  excludes,  as 
belonging  to  metallurgy  proi)er,  the  trpatment  of 
the  material,  of  whatever  sort,  extracted  by  means 
of  the  excavations  made. — Practical  Mechanict' 
Journal. 

THE  MANrrACTTRER  AND  BriLDKK.     May,  1869 : 
New  York.     Westeni  &  Co.,  87  Park  row. 
This  monthly  journal  contains  78  columns  of  in- 
teresting matter  and  numerous  engravings  for  15 


cenl« — A  marvel ouifly  clieai)  tocbnicul  publicatloii. 
The  articles  'm  the  May  issue  for  mstatice,  are  I30  in 
number.  U>of  wlik'h  are  ilhistraU-d?  tlie  rollowiiig  arc 
ofspeciiil  interejst:  The  Telephfui^,  Boilor  Exjilo- 
tiUmHf  Betoti  building,  Hydraulic  Mortar,  Hydn>gtj- 
n"mm,  Mugeatn  (unuliue  color),  Church  Architecture, 
Interior  Deconition.  A  journal  giving  so  much  in* 
formutiou  at  such  a  price,  deserves  success* 

Woodward's  National  Architect  ;  contsinlng 
1,01K)  original  Deaignis,  Plans  and  Details  to 
Working  Scale,  for  the  Practical  GoTiMtructiou  of 
DweUitng  llonses  for  the  Country,  Suburb  aud  Vil- 
lage. With  full  und  eoni|ilele  sets  of  sj>ecJHcalious 
and  an  eat i mate  of  the  cost  of  each  design.  By 
Gj£0]U}e  K.  Woodward,  Architect,  Author  of 
**  Woodward's  Country  Homes/'  **  Woodward*8 
Cottage* and  Farm-houses/'  etc.,  etc.,  and  Edwakd 
G.  Thompson,  Architect.  Kew  York:  George  E. 
Woodward,  191  Broadway. 

High  rents  iind  ci'j»e  qtnirtcrs  are  driving  the  in- 
habitants of  cities  like  >Jew  York  into  the  country 
with  nnp recede nttnl  rajikltty^  and,  thanks  to  our 
railroiidti,  it  h  niiw  nearly  as  easy  U)  live  twenty 
luilcH  out  of  town  as  t«>  live  in  the  upper  |mrt  of  the 
city.  The  loss  of  tirne  is  iiboul  ms  great  in  the  one 
ease  as  in  the  other,  while  the  advantages  of  a  reid 
country  resklenee  areao  great ,  eh[jecially  to  ehihlreu, 
that  no  aensible  man  will  slay  in  the  cily  if  he  can 
possibly  make  his  escape.  To  those  who  contem- 
plate taking  a  part  in  thin  cx(k1us  the  work  we  have 
juEit  reeiteiJ  will  prove  invaluable.  It  is  lilled  with 
cha»le  designs  tor  conveniently  arrangedl  dwellings. 

The  plan  of  the  work  eoibnices  designs  fi>r  houses 
of  moderate  valuationKj  estimated  at  New  York 
prices  as  a  basis,  with  such  detail  prices  as  will 
enable  one  to  ascertain  the  coat,  in  his  owrn  locality, 
by  coiuf»ari»ou  wllh  the  dhlerent  rates  of  prices*  that 
always  exi!*t  in  di  tie  rent  sections  of  the  country.^ — 
The  formn  of  i^^ecilicatifins  given  are  such  that 
they  may  Ik?  adapted  to  any  of  the  designs,  so  that 
full  and  tinal  ef<liinates  can  be  obtained  from  locid 
builders.  To  buildei-H  and  architects  residing  tn 
the  country  this  witrk  must  prove  juvaltiable. — 
JUanufacturer  and  BuUdtr. 

f-» ell's    POPCLAII  ENCYCL0PLDt.\    AKD    ITjUVKllHAl* 

Vj   DicTioNAUT,     Philadelphia:  T.  Kllwmid    ZelU 

Krt  XL   ism. 

It  is  not  many  years  since  a  comparatively  small 
cyclopedia  sntfieed  to  contJtin  exhaustive  urticleson 
almost  every  branch  of  human  knowledge.  How 
Las  all  this  changed  !  Some  of  t»ur  modern  cyclo- 
pedijis  which  deal  with  a  single  science  contain  as 
inncJi  matter  as  the  ilr«t  edition  of  the  *'  Encyclope- 
dia Hritauuica."  At  the  same  lime,  the  tendency 
is  toward  condensation',  and  in  the  popular  ency- 
cloiHMlias  of  to-day,  we  Iind  dismi:«sed  in  a  single 
line  a  subject  whicti  a  few  years  Mgo  would  have 
bet*u  expanded  into  a  page.  This  holds  particularly 
in  rehititm  to  the  well-knowTi  and  denser vedly  popu- 
lar cyclopedia  published  by  the  Messrs.  (Jhambers, 
of  Edinburgh.  The  same  feature  is  prominent  iu 
the  cyelojR'dia  Ijefore  us  In  shorty  it  combines  the 
characters  proper  to  b<jlh  a.  cyclopedia  and  a  die- 
Ijonary.  Thus  we  tiud  not  only  such  noaus  as  om- 
bitwn,  ambter,  atnbtingy  but  adjectives  like  ambi' 
tiom  and  adverlw*  like  nmblin^ly.  On  the  other 
hand,  »*nrh  articles  as  ammonia  are  extended  flir 
U'youd  the  limits  of  n  mere  definition,  and  ]MVs<nit 
all  the  really  valuable  facts  that  are  of  intertrat  to 


popular  readers.     We  »e  that  the  editor 
avoided  the  futile  atu-mpt  to  rni^jplyti^ 
professional  men,  who  must,  hi  a.11  cub 
upon  their  own  kuowIe*lge,  or  ' 

iy(  purely  technical  woritJi.     ^^ 
jects  as  alcohol  ometiy%  rt"-  •! 
popular  cycloi^Kidla*,  the>^  * 

ments  of  the  chemist's  an  * 

uureasoDable  length  oi  di*»crib«H4  «o  -upi 
to  lead  to  error.  The  editor  oi  *'  Zeir»  C\ 
has  avoidt-d  both  the.*e  dilemmas.  Tht 
engage  that  the  Cf»Ht  «if  the  W(>rk,  <ihmt( 
shall  not  exceed  $-5,  and  we  know  of  i 
procuring  the  same  amount  of  ^iiluiMe 
at  such  an  easy  rate. — Munufaciurtf  m 

^MOlCtWQ    FtJtX«,  TUXtH     CacSS   AX1» 

O  the  Rev.  Alcxa^dcr  Coltiw 

Vicar  of  Corfe,  Somcr»et.     For  M]«  ll 

trond. 

*'  Where  there  b  sinokt!  there  \m  fir 

adage «  but  where  there  is  smoke  there 
'  no  light^ — ^to  point  out  its  cao- 

smoke  be  that  of  a  InHisc  cb 
I  back,  or  even  iu  some  c*a» 
I  BtiKike  into  a  room,  ciui  be*  .< 

ought  never  to   hiiy**-"    *•• 

there  is  scarcely  a  l 

which  some  ttf  ifie  cj 
I  is  duo  iu  great  jiart  to   the    \y' 
I  tirst  prlneiplejj  on  tlie  part  of 

bnilders,  and  to  the  c^relc*snt    • 

everything  but  to  getting  *'  tJi*    j  <  <   i  ■ 

for,^'  is  certain. 

Parson  Ainsiie  has  written  br  fM  the 

on  the  subject  that   ha*    f*-' '^    Tir,>itii 

ascent  of  heated  atr  and  > 

tain   known   laws/*  he    - 

*'  and  the  object  of  Ih*^  f»dbjw  i ; 

those  laws  as  cotici*cly  a.*  p*wi- 

the  causes  which  most  c  >: 

fere  with  their  action,  ai 

rently  contradicting  scien 

iu  a  brief  and  lucid  mauir 

laws  to  nearly  all  the  cX;o  ^ 

occurringor  likely  to  occur  m  \ 

rules  for  guidance  that  even  ti 

of  bricklayers  cau  st^irce  fail    [ 

reudily  be  guided  by. — Praciu\2: 

AKNtlAL    or     SciKKTIFtC      D]^t>V|taf, 
18tj0,     Edited  by  Samititl  Kiikuu 
M,D,,  etc.    l:2mo,  pp.  877,     Bo«ti:ia  ^  I 

&  Lincoln. 

This  old  acq^' '•*•'•'—  *■-  -i  —  -  -  ^u  ■ 
minder  of  its  |  r  f 

as  of  numerou'  r.d  p 

various  department.^  with  which  wr  aH 
labi^rers  in  the  great  field,  tnorr  or  \x'^  fl 
which  it  is  always  pleasant  to 
orderly  and  compact  mamicr, 
ate  heads.  Every  such  u 
necessity  be  imperfect  an 
of  all  that  has  been  done,  ,.. 
at  Dr.  Kneeland's  Annual  will 
ed  reader  the  vast  variety  *"t  i 
gage  the  attention  of  sitici; 
care  with  which  the  e<lM 
sent  the  most  imp*»ri 
editor,  forming  an  i 
an  interesting  suminAi-k  m  m  -  j 
for  1868. — American  Jft^rnai  of  Sd^n 
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ijf  Scicw  PaoFuLsioN.     By  N.  P.  Burqh, 

EiiMjer,     Lo&don:  £.  and  F,    K.    Spt^u,  48 

CriMrt.    For  iAle  by  1).  Van  Kostrimd^  23 

lur^  8  Ireaturt!  on  screw  propulBion,  which 
fajfcve  been  completed  in  tifteea  piirtHj  has 
tended  lo  iixteeo.  Thb  extonsiou  has  been 
uptm  In  order  that  the  work  amy  embody 
try  ftioent  imp^.>rtant  ma  tier  on  *M3ruw  pru- 
which  has  been  ejtclusively  givan  U*  the 
y  our  kittdrng  marine  u  Ujijtneu  rs.  The  author 
( exen:ised  4  wise  discretion  iti  tiuia  extend - 
*ork,  iiud  lo  which  none  of  his  readers  will 
ParUi  Xlll,  Xi  V  and  XF  of  this  treatise 
'  before  ui»  i  Ihcy  are  chapters  on  a  new 
;  of  the  screw  propeller,  by  Mr,  Arthur 
ha  luA  ma^le  some  very  interesting  expcri- 
ilh  the  serew^  the  reauits  of  which  he  here 
m.  Mr,  W.  Laugdou  stippli****  a  chapter  on 
locks  J  lud  Mr.  Burgh  follows  with  iinotber 
ame  subject.  In  Chapter  XX,  Mr.  Burgh 
cotnjHirattvely  the  whole  family  of  modern 
ropeUen  as  eoTistrueted  by  our  priticipiil 
SBguiecri,  In  the  suceeediug  chapter^  Mr. 
sthcn  into  a  fiicus  the  Qpii]km»  and  ideas 
le  engineers  who  hj*ve  contriUuted  to  his 
Itt  thtii  chapter,  the  kat  page  of  Part  XV 
The  illuHtratious  of  these  three  numbers 
3f  lifting  fVamcs  for  the  acrew  pTO|iel[crj 
bering  screw  of  the  *' Aurora,'^  and  the 
if  the  metbodit  of  screw  propulsion  adopted 
is  other  vessels. — Mtehanic^a  Mttgazine. 

AtNTER,    GlLniB   AKB    YARNIftUGft'i   CoM- 

lOM.  Thirtc*eoth  edilion,  revisud,  with  au 
ii,  Philadelphia :  Henry  Carey  Baird  j 
rk:  S.  E.  Wells,  S89  Broadway. 
look  etjntiiina  rales  and  regulations  in  every- 
laiing  to  the  aria  of  painting,  gilding,  var- 
gias«i-staining,  gruining,  miirbUng,  sign- 
glltling  on  giasA,  and  coach  paieting  and 
ig,  ll  alKO  gives  testii  for  the  detection  of 
tions  in  otU  mid  c^jlon^,  utid  a  statement  of 
i>es  to  which  paintera  arts  ix'culiarly  liable, 
itKtiea.  It  is  several  yenrs  since  the  3rst 
of  the  hosjk  was  published ,  and  na  new 
have  hceo  g«>tten  up,  additions  have  been 
bring  the  work  Up  to  the  time.  The  ap- 
i4deU  lo  the  present  edition  comprises 
ons  of  a  gruat  variety  of  ailditional  pig- 
lieir  qiuUitius  and  nsie^,  with  additional  in- 
D  on  dryers^  and  aliio  eoutains  an  e x plana- 
/hcvreur**  principles  of  harmony  and  con- 

[IE  o5i  TttE  PowEa  OF  Watkr.  By 
•B  Gltbs,  K.  H.  S.  D.  Van  Xustrand: 
rk,  1H69. 

id  Notice,)  We  have  hud  ocea^nion,  since 
f  this  book,  to  study  the  literiiture  *if  water 
rofcMoually  and  commercially.  This  fact, 
with  the  correspi*ndiug  fact  timt  our  dilH- 
ave  been  solved  hy  ruferenee  to  this  book, 
ui  to  acknowledge  iti«  merits  in  a  more  de- 
rm. 

ftre  rules,  In  the  professlotwl  jKicket  bookSi 
aring  the Jfow  of  water,  but  it  has  boon  re* 
ar  fieople  who  at41  wat^r^  or  pay  for  it,  to 
1  notable  variation  in  the  results  of  poiiiit/n 
H  of  uritices  through  whkh  wuler  b  dis- 
If  oU  the  infonuatiou  eximii  m  noi  em- 


bodied m  the  work  nnder  consideration,  there  is 
enough  to  ^Ive  all  ordinary  cases. 

In  addition  to  the  usual  historical  notice  and  to 
the  wonted  tribute  to  the  power  and  fnuctious  of 
water,  this  l>ook  contains  much  mterestlng  informa- 
tion opon  the  sources  of  wnter  s^ipply  and  upon 
water  wheeli.  It  is  quite  well  iiluatrated  and  the 
subject  appears  to  have  been  very  earel'uUy  and  ex- 
liaustively  investigated  hy  the  author, 

THE  Amebic  ATT  Ejccbaxok  anh  Reviiw.— A 
miseellany  of  useful  knowledge  and  general 
literature.  EspeciAlly  devoted  to  Finance,  Mining 
and  Metallurgy,  Insurance,  Hallways  and  trans- 
portation.  Manufacturca,  Patents,  Tride,  Commerce, 
Art,  Joint  Stock  Corporation  Interesta,  Physics, 
Stjclal  and  Economic  Seionce .  Fowler  Ik.  Moon,  621 
Cheat  nut  street,  Philadelphia. 

This  is  a  monthly  of  considerable  value  to  stndenta 
in  the  subjects  mentioned  above,  and  of  do  little 
interest  to  the  general  reader.  It  is  a  sort  of  con- 
necting link  between  our  literary  and  scientific 
serials.  The  department  of  mining  and  metallorgy 
is  conducted  by  Prof.  H.  S,  Osbom  of  Lafayette 
college,  and  is  specially  complete  and  intereating, 

A  Sapper's   Mamfal,    foe   EifOtiri^ER   Tolum- 
TEta  CoEPs.     By  Captain  Feanklasd,  E,  E, 
Published  under  War  Office  authority, 

Hi^Ts  OS   House   DsrKSCE   and  Block Hor SSI. 
By  Captain  Yophc),  18th  Boyal  Irish.    Well- 
ington, Kew  Zealand ;  Lyon. 


MISCELLAIfEOn& 

SILVER  Plating  — Olo  and  New  PKOOESftEfl. — 
The  following  h  c**nipiled  from  the  Birming- 
ham correstjondence  of  **  The  Engineer."  The 
old-fiishioned  process  was  this  : 

An  ingot  of  copper,  ordinarily  weighing  about 
nine  pounds,  and  which  had  on  alloy  of  brass  of 
one-fifth  itji  weight,  was  tirst  planed  and  then  filed 
to  a  |*erfectly  levei  aurface  on  both  sides  5  the  ingot 
of  wilver^  containing  about  3  per  cent  of  alloy,  was 
rolled  to  the  retiuired  thickness  for  the  diifertjnt 
tjualilies  of  metal  to  be  plateil.  Tina  was  cut  into 
suitable  lengths,  the  weight  of  the  piece  of  silver 
varying  according  to  the  quality,  the  lowest  being 
about  IG  dwts.  lor  the  0  lbs.  of  copper  for  ooe  side 
only^  aud  increasing  to  6  oa  or  8  oz.  The  pieee  of 
silver  wim  about  ^  iti.  less  than  the  surface  of  the 
copper.  It  was  Bcrai»ed  quite  clean  on  the  side 
next  to  the  eop^^er^  great  care  being  necessary 
that  every  imperfection  should  be  removed  j  tho 
two  bright  tiurfjices  were  then  laid  together  and 
"  beilded,"  by  plaeing  a  heavy  piece  of  iron  on  tho 
silver,  and  striking  it  with  a  sledge-hammer  till 
every  part  of  the  two  snrfacea  touched,  A  strong 
piece  of  aheet  ci»pper  was  then  laid  on  the  silver,  to 
kee]»  it  from  rising  during  the  process,  and  also  u> 
prevent  the  wires,  which  were  used  to  hind  the  two 
picc(!N  together  (mm  cutting  the  outer  parts  of  the 
silver  plate.  A  solution  of  borax  was  then  laiil 
round  the  twiges  of  the  silver  to  act  as  a  dux.  Tlio 
ingot  thus  prepared  was  then  heated  in  a  small  fur^ 
nace  until  a  bright  line  round  the  edges  of  tha 
silver  indicated  that  the  union  was  etrected^  The 
ingot  was  then  carefolly  removed  from  the  fire  and 
c^Hjk'd  gradually.  When  cold,  the  wires  were  cut, 
the  aipper  plaie  taketi  away,  the  edges  caruMlj 
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riflledi  aiul  tho  plated  io^ot  was  then  re«idy  for  tbe 
ralier. 
lb  the  year  1840  the  pkted  ware  trade  under- 

kWefit  a  complete  rev'olution.  The  process  just  de- 
acribed  was  superseded  by  »u  hiventioa  of  Mejisrs, 
Elktugton,  now  bo  well  kmmTi  as  electro-pUting. 
by  wUicb  silver  iw  deposiud  with  accunicy  mid 
ctTtaimy  by  the  aid  of  galvtijiisjiK  Thi?*  process  is 
csscutiully  dependent  upon  the  orighud  dJBCovery  of 
VoUa,  tJie  iiichemiiitj  in  17W1»,  ou  which  various 
itiventioUA  had  btniii  subsequent iy  based.  Messis. 
Elkinj^on  wi*re,  hi>wever,  the  Hrttt  to  apply  lb«s 
pnxi  :     "  ',    purpo^s  of  piaciioul  fn- 

[auBti  hc  ill  ihia  direction  took 

tbe  iui.  ..u. .1,.  ir.,»... .  uy  »torm.    The  uppo^itloti 

they  encountured  Wiis  iuiDicuae, 

The  pt'oeeHii  of  pUting  at  Me!)9rs.  Elktngtoa's 
factory  is  thus  dewriljed :  The  article  hiiving  Iwen 
thoroughly  cleaiu»ed,  it  h  plunged  llr»t  of  all  into  n 
aoluliou  of  cya^nide  of  mercury  to  prevent  any 
oxid-ition,  &»  well  us  to  secure  a  perfeel  ndhesion 
in  the  pbting.  It  is  then  trunaferred  to  the  plating 
vulj  which  i.«  divided  by  plates  of  Nilver  into  regular 
compart  me  I  Its,  the  urticleh  being  hm*jK'nded  on  bnis* 
roib  with  copper  wire,  iuid  «o  arranged  as  tu  expo»« 
an  equal  amount  of  surface  in  each  compartment  to 

.receive    the  deposit   of  »ih'cr.     The   operation  of 

» plating  is  so  nicely  regitlatett  that  the  rate  at  which 
the  nilver  is  Ix'ing  depoMittMl  is  correctly  known, 
and  the  Urge  ainuunt  of  24  <»z,  per  htiur  i»  de- 
pu^ited»   perfectly    smooth    and    cxiremely    bard, 

;  Thia,  with  the  thickness  of  silver,  accounts  for  the 

^  ^reat  durability  of  the  articles  mamifacturtHi  by 
Messri*.  Elkington.  There  are  j^everal  Urge  vats  in 
Ui*c,  HO  that  .Home  idea  may  Ije  formed  of  the  Jarge 
nmouiu  of  silver  deposited  in  one  day.  When  the 
article  has  been  in  the  vat  a  suflieient  length  of 
lime  it  is  taken  out^  rinf^ed  in  cold  water,  and 
dried.  After  that  it  in  ciirefully  weighed,  an»l  the 
exact  amount  of  silver  on  the  article  is  at  once  seen 
and  registered.  In  addition  to  the  ordinary  btkt- 
t^ries  used  in  pSnting,  a  very  large  magneto -electric 
mivchlnc  U  in  catuitajit  work. 

AMBESToa  Papkr  and  Cloth. — ^The  Flofciuce 
correspondent  *tt'  the  New  York  "Times** 
(Mar.  27)  gives  a  long  account  of  this  new  mtmu- 
^faclnre.  Crude  asbestos  res^^mbles  bleached  hemp, 
with  long,  shining  fibres,  which  may  be  twisted  iiito 
tliRNids  and  woven  into  cloth,  or  converted  into 
pulp  and  made  into  pa|»er.  AsbeFtos  is  plentiful  in 
various  parts  of  Italy,  and  the  new  protM^sses  of 
treatment  have  l)een'  iulnxhiced  there.  The  an- 
cieulB,  however,  used  asbestos  eloEh  for  emlnihiiing, 
and  5iK»cimens  of  it  arc  found  at  Fompeii.  Tbe 
great  v;due  of  paper  made  from  this  auhst-atice  h 
its  indestructihleness,  either  by  tire  or  by  dtJcay. 

HKAT   OP   THK    Stabs. — Mr    lluggins  has   been 
making  experiments  with  the  vUiw  iW  a»*^'erMtin- 
hig  the  littit  of  I  he  stars.     He  etn  ployed  a  thermo- 
pile, the  faee  of  which  was  plticed  in  the  fcnms  of  a 
telesco|>c.     The  pile  was  »:onnected  with  a  galvano- 
luet4.T.     The  following  result!^  were  oblaiiied  :  The  ! 
mean  of  a  nnmlH^r  of  observations  *>f  Sirins,  wliirh  ! 
did  not  dhf'er  gn-atly  from  each  other,  gives  a  de-  ' 
tkH:tton  of  Ihe  nee<ile  of  2°.     The  observations  c»f  ^ 
Pollux  14",     No  elfect  was  prisiucTed  on  the  needle  I 
by  Castor.     In  one  obwrvatiou  Areturns  delleeted  i 
Ihe  needle  3^  ir»  15  minuleK,     Kegulus  gave  a  de- 
flection of  a**.    The  ol*servuti»>iiH  ol   (he  full  niwu  | 


were  not  sccoidant.     Oti  um  u'lahi  %i 

was  shown  by  the  r  nti4|*rfti 

Indicatious  of  be«t  v. 

sufficiently  uniform  to   be  truAi worthy,    bi 

be  observwl  that  several  limei  aiic4UjlMiit 

tions  were  ohs»erved,  whir)        -     -  t 

dislurljing  cause.     The  r.  -t  1 

parable,  as  it  is  not  c€rt*ii 

the  galvanometer  wtis  e\  ODt  b1 

observutioui^V  still  it  ws^  1  uq|  | 

fcrent. 

MAO»itsnE  or  sepi* '>'»*'    t.  fr.r  h.,„^ 
Hdia  um  / '  is  ( o  I  ^r»i tM  i 

vial  rlcpoMits  among  -    .  >    1  a  ] 

the   decompo«itioD   uj    nAthutmie  <if 
eompotfition   is  sUica   *\f*,H,  m» 
12.1   in  100  parts.       ^ 
Minor  in  the  plsim  01 

Greece,  at  Egribi>8  in   r,  yr^vg 

tlie   tsle  of  Siimos,  at  K:  ?l»igtii»l 

Crimea,  at  Urubschilz  iix     .  :.  Vu 

Vallecas  lo  Spain  (where   n 
stone),  at  Baldfi^^ern  :n   PitnT 
France  (in  the  l  *.*.*;, \ii 

Marue,  and  of  ti 

quarries  wuikeU  ai   ;  it«<«d  al  J 

at  the  foot  of  Mount  it*ti  ftnl  1 

it  is  damp,  HoU   *  "I  » j*.    lAitdtt  1 

soap  to  watih  li  e  Arale  of  Alged 

muuuer  in  the  >  t!.>.      Ili  nijj»*rt  h  1 

tin  water.     The  eoAur   i> 
with  a  faint  yelkmiih  or  * 

CDAL   AsriKS   AS   A   FKRTILlXjrR  — A  BcHf*  < 

llifttory,  I 

Naiidin,  «>i  fn 

ha.«  resulted  in  the  eoiiclnsitio  iU*i  tiiey  aio  I 

a  manure  nor  even  earth  of  the  m'f«t  mfrrt^^ 

ty.     Aii  opinion  to  thin  •  1! 

country  pretty  generally,  ' 

hea^*y  clays,  they  act  as  .n*r  u  o^t^ 

cl!*e.     This  elfect  is  not,  v.rii>rr«l,  i 

mechanical r  as  a  very  am  ,1  l.iJ  * 

Bufllcient  to  deulroy  the 

amount  of  clay.     At  least 

cent  experiment  of  our  ovui.  trit^i  iu  m%w^^lij»4 

with  the  Advice  of  one  »>f  ihc  mtwl  iwici* 

florists   in   New  York   State. 

of  sifted  coal  aalietr  with  a  ven 

well  rotted  hnr=*-  i*>.nni.>    w., 

thritty  rii»wer  - 

tbe  stiifeHt  soils 

Scientific  jSmeritan 


nfiii$**A<i 


MR.  A?f»RJCw  Sii 
slotting  drill,  an 
heavy  ami  ingenious  1 
land,  died  recently 
sap,  and  wlt  can  n  1 
'His  universal  readioei^'^  •- 
proveraents,  cm*  allbrd  im 
subjects,  are  loo  well  kor^ 
casiou  to  apply  to  htui,  u' 

vast  amonnt  of  nureconii«i  pi.i*.iic,u  iu«-ti*-^'i 
muni  he  regurdecl  lu  a  serious  Io«i^'* 

Boii.KR  ExrLoi»tojtif. — ^  During  thi»  i«N  •''•• 
tnontlm  there  iuivt  be«n  in  tKo  CiiiW  Hl4/^ 
sixty-one  luiilcr  oxph»!)ictti»f  li»>  frval  mnioi^J  ^ 
them  itivnlving  hiss  i>r  life. 
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REFORMED  SCHOOLS. 

Now  that  college  stadeuts  can  rival  tbe 
ipoble  crowd  with  bat  and  oars,  aniversity 
vltve  may  be  safely  advanced  anotber 
ilfee,  looking  to  tbe  day  when  the  collegian 
Mu  oompete  with  tbe  outsider  in  other 
■metieal  branches  of  knowledge.  We  de- 
veeftle  the  modem,  almighty  dollar  theory 
f  an  exclusively  **  business  *'  education  ; 
If  would  not  substitute  the  most  polished 
ikolanhtp  in  discount  and  bookkeeping  for 
he  grmnd  old  university  literature,  classical 
adpolite. 

Tbe  old  idea  that  classical  knowledge  is 
and  end  of  education,  was,  perhaps, 
nearly  correct  than  tbe  later  idea  that 
culture  is  the  only  suitable  and 
voper  means  of  working  and  developing 
ihe  mind.  In  this  utilitarian  age  of  specu- 
lation and  greed,  of  sensational  literature, 
ibarp  practice  and  vulgar  show,  the  greatest 
■ionnt  of  old  fashioned  scholarly  culture 
tbat  we  can  force  upon  our  young  men  and  wo- 
■en  will  bardly  neutralize  the  leveling  ten- 
leneies  of  the  times. 

Bat  wbile  our  schools  should  not  ignore 
polite  culture,  they  certainly  should  not 
■effect  practical  education.  Under  the 
Ibeorj  that  the  mind  is  a  machine  to  be 
lereloped,  or  a  power  to  be  disciplined, 
nUber  tban  a  storehouse  to  be  filled,  are  we 
BOt  orerlooking  the  advantages  of  positive, 
teebnical  knowledge  ?  Our  new  school  pro- 
CeMors  indeed  proceed  upon  the  theory  that 
the  mind  can  be  as  well  diuciplined  by  prac- 
tical an  by  classical  studies.  But  are  modern 
Hodiea  practical  ?  Are  the  greater  number 
of  modem  English  text  books  really  more 
Vol.  I— No.  8.-45. 


available  to  the  graduate  who  bas  a  living 
and  a  name  to  win,  than  the  old  Latin  ones? 
There  must  be  one-idea  scholars  in  every 
branch  of  knowledge,  but  are  the  sublimated 
mathematics  of  our  "  practical "  schools 
either  a  better  universal  digester  or  a  better 
universal  resource  than  Greek  roots?  If 
not,  then  the  old  fashioned  studies  have 
equal  advantages  in  the  matter  of  culture, 
and  the  additional  dignity  of  age  and  scholar- 
ly association. 

We  believe  that  a  comparison  of  tho 
knowledge  wanted  in  the  practical  world, 
with  the  knowledge  furnished  in  the  practi- 
cal schools,  will  convince  the  candid  inquirer, 
Ist.  that  the  course  of  study  is  not  always 
well  selected  ;  and  2d — and  of  this  we  wish 
particularly  to  speak — that  the  books,  lec- 
tures, references  and  prescriptions  in  the 
departments  of  learning  that  purport  to  be 
practical  and  of  immediate  and  every  day 
value,  are  incomplete  and  inadequate. 

Imme  liately  upon  his  graduation,  in  what- 
ever direction  his  tastes,  ambition  or  neces- 
sities may  lead  him,  the  young  man  encoun- 
ters the  business  formtUa  of  commerce  and 
production,  of  which  he  is  ignorant.  He 
may  be  versed  in  the  elements  of  political 
economy,  mathematics  and  chemistry,  but 
he  has  still  to  master  the  rules  and  forms  of 
practice.  He  may  know  the  principles  of 
communication  with  the  world,  but  he  has 
yet  to  learn  the  dialects  and  idioms  of  busi- 
ness. Mere  muscular  Training  is  not  more 
essential  to  success  in  athletic  sports  than 
mere  mental  Culture  to  the  triumphs  of 
mind ;  but  Skill  plucks  the  laurels  from  their 
I  brows  on  the  world's  playground  as  well  as 
I  in  the  world's  workshop.     The  Latin  salo^ 
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tftiorian  and  the  Greek  versifier  of  tlie  ancient 
uoiversity,  are  not  ninch  greener  than  tbe 
graduates  of  "  practical  *'  schooia  wUcn  tbey 
come  to  grapple  with  tbe  fir^t  year's  work 
jn  a  business  office.  This  state  of  things  is 
unnecessary  and  wrong  in  every  regard. 
Study  is  not  lesia  a  mental  tonic  because  it 
fita  a  man  lo  keep  books*  to  write  busincisrt 
papers  and  to  buy  or  make  good  machinery 
And  the  notoriouti  greenness  of  graduates  in 
practical  uffairft,  deters  many  young  men 
from  commencing  with  a  theoretical  educa- 
tion. It  is  a  grave  question  in  many  minds 
whether  skill  and  training  in  tbe  arts  of  life 
should  not  precede  and  lead  up  to  a  knowl- 
edge of  the  Hciences. 

Tbe  argument  against  the  dead  languige^ 
as  a  means  of  mental  training,  when  the 
world  is  full  of  live  subjects  equally  difficult 
to  masteri  is  just  as  valid  against  practical 
gubjeets  when  taught  in  an  unpractical  man- 
ner. A  man  may  study  matliematics  all  his 
life  and  not  bo  able  to  earn  bis  bread  in  a 
merchant's  office  or  an  engineer's  drawing 
room.  He  may  even  master  all  the  text 
books  in  mechanics  and  not  be  able  to  con» 
struct  im  economical  steam  engine.  We  are 
deceived  by  the  names  and  cheated  of  tbe 
substance  of  practical  learning.  Our  unl* 
versities  may  well  copy  the  course  of  train- 
ing in  our  atmm^rcial  colleges  and  our  f< 're- 
most  technical  schools,  and  so  adorn  a  scholar- 
ship that  will  pay,  with  the  graces  of  polite  and 
classical  culture.  At  least  let  us  not  aban- 
don the  studies  that  not  only  disciple  tbe  mind 
but  liberalize  the  sentiments  and  rc6ne  tlie 
social  and  intellectual  relations  of  life,  until 
we  are  prepared  to  substitute  studies  that 
really  teach  men  bow  to  live  and  thrive — 
studies  that  directly  and  immediately'  ad- 
vance the  battle  of  mind  against  matter — 
studies  that  are  practical  in  substance  as 
well  as  in  name. 


BLACK  Lead,  which  baa  only  been  used 
as  a  lubricator  for  wooden  machine ry, 
and  for  wood  piston  packing,  is  now  applied 
by  M.  Dcloris,  in  France,  to  every  kind  of 
machine,  from  the  heaviest  vehicles  to  tbe 
most  delicate  watch-work,  so  dispensing 
with  tbe  use  of  oils  and  grease  of  all  kinds. 
If  plumbago  can  be  successfully  applied  to 
railway  carriages,  a  great  saving  to  the  com- 
panies will  be  effected.  It  is  said  to  be  used 
with  many  vehicles  in  Paris,  and  in  ma- 
chinery at  several  factories,  and  seems  to 
give  satisfaction. 


PAPERS  OS  COKSTRUCnoi 

Ko,  IV. 
IROH    ROOft. 

(CcmiatoOVil  from  paceSOL) 

A  roof  owes  iU  stability  to  a  nrioi 
similar  frames  called  truasesr  Hm 
common  form  of  roof- truss  is  an 
triangle,  of  which  the  two  equal  fidr«  «Y 
porting  the  roof  covering  are  called  prutci}i 
rafters.  The  rafters  are  subject  to 
presstve  and  transverse  stress  and  ancfli^ 
structed  accordingly.  The  third  lidt  il] 
subject  only  to  tensile  stress,  ikod  »< 
the  tie-rod,  or  tie-beam,  &nd«  10  iKe  csm  4 
an  irt»n  roof,  consists  of  one  or  tnore  tt4i  4 
round  iron.  The  stressea  which  thti  imi 
is  required  to  withstand  arc,  1st,  thaKi» 
ing  from  the  weight  of  the  entire  roc^  itm^ 
ture,  and  2d,  those  eatisad  by  the  vtstbct, 
viz  :  wind  and  snow.  For  the  resistancs  It 
these  forces  the  rafter  may  be  treated  aiii 
inclined  beam  supported  at  each  s^titJ,  isl, 
if  desirable,  at  intermediate 
lower  end  abutting  against  the  ^  : 
the  tie-rod,  and  the  upper  end  agtin^  tkt 
upper  end  of  iho  opposing  rafter. 

Tb<;  rafters  are  made  either  of  eomaM 
rolled  T  ''■"**'  ***■   ^^  ^^"    pieew  rf  L   ^ 
angle-iron,   riveted  in  such  a  summi 
tbey  forni  a  X-     '^^^^  flange   \>     ' 
wards  for  several   reaM)iis,    th.-i: 
position   of  gratest  strength    ir- 
that  particular  cross-nection,  I- 
most  convenient  for  the  at^ 
lins,  braces  and  struts.     'I  ^ 
jaw  at  each  end,  which  receives  the  wth^ 
the  rafter  to  which  it  is  pinned. 

In   roofs  of  great  span,  in  order  f 
the  rafter   the  requisite   rigidity,  se. 
trussing  must  be  resorted  to.     But 
a  case  the  general  principle  of  the  u--   - 
in  no  respect  changed,  the  rariatioo*  hdnf 

merely  those  of  detail   and   snpp'  '  " 

The  two  rafters  and  the  lie-rod 
but  ivitb  the  addition  of  new  pari*  l^  ■ 
ing  out  the  same  general  design.     T 
proper  stiffness  the   rafter  is   rnfi--*    !    a 
the  middle  by  a  strut,  which  thrn-r-    ;!  '!*t 
a  poiut  held  in  stable  equilibrium  b} 
more  forces,  whose   resultant   is  eqii 
opposite   to  tbe    thrust.      Fig.  I   is  i  ^^^* 
pound  truss  of  the   commonest  form.    Tm 
junction   of  each  part   will   rciidilT  saij^ 
itself  upon  a  simple  inspoction  of  lhfJi»- 
gram. 
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Aifliiming  that  in  a  roof  of  given  length, 
aeMored  alonf^  the  ridge,  the  rafters  are 
ijjkotd  at  equal  distances  apart,  the  weight 
if  eaperatrncture  to  be  sustained  by  each 
tiU  be  equal  to  the  weight  of  material 
Wween  any  two  consecutive  rafters.  To 
fliM  must  be  added  the  weight  of  the  rafter 
itaelf,  with  its  appurtenances,  and  a  suitable 
tyoolatton  should  be  made  of  the  maximum 
finniit  of  snow  which  may  accumulate  upon 
ily  and  of  the  force  of  the  wind.  Of  these 
tkt  weight  of  the  rafter  is  an  unknown 
{■aiititj.  The  others  may  be  readily  de- 
ksnuined  after  the  pitch,  or  slope  of  the  roof, 
•  decided  upon. 

To  determine  the  stress  upon  the  various 
mrts. — Let  W  represent  the  weight  of  a 
Mction  of  the  roof  between  two  consecutive 
principles.  Each  rafter  will  then  support 
me  half  this  weight.  The  mutual  support 
ilTorded  at  the  apex  is  transmitted  to  the 
VftUs  at  B  and  C,  so  that  each  wall  sustains 
me-half  the  load.  Although  the  load  is 
uniformly  distributed,  we  may  consider  it  as 
Mmcentrated  at  A  with  a  vertical  resultant 
SB  ^  W.  This  resultant  may  be  resolved 
into  two  components  acting  along  the  rafters 
A  B  and  A  C  with  forces  =  i  (J  W  cosec  0), 
in  which  expression  0  re  presents  the  angle 
of  the  slope  of  the  roof.     Since  cosec.  = 

R 

-1 —  we   may  put   the   expression   for  the 


tliniat  into  the  following  form:  t  =:\ 


W 


sm.  <p 


This  thrust  is  opposed  by  two  forces,  one  of 
which  is  the  upward  resistance  of  the  wall ; 
the  other,  the  pull  of  the  tension  rod.  Hence 
we  may  divide  it  into  two  components, 
r'  and  r. 

W 
r'^t  sin.  0=1  -5 —  zz  sin.  d)  =  J  W 

^      *  sm.  9         r      t 


r^  t  COB  <p=  \ 


— ::  COS.  0=1  . —  T. 

sm.  0  -r      4  tan.  0 


In  the  equation  t '  =  ^  W,  only  half  the 


weight  is  actually  considered,  viz :  that  por- 
tion which  is  directly  supported  at  the  apex 
and  transmitted  by  the  thrust  of  the  rafters 
to  the  top  of  the  wall.  But  each  wall  sup- 
ports directly  J  W,  which,  added  to  the 
quantity  obtained,  makes  ^  W,  which  repre- 
sents the  entire  supporting  force  of  each 
wall. 

The  stresses  sustained  by  the  minor  com- 
ponent parts  of  a  compound  truss  must  be 
determined  separately,  and  for  this  purpose 
we  must  ascertain  the  distribution  of  the 
load  over  the  points  B,  /,  jr*  A*  A.  Since 
^  W  is  equally  distributed  over  each  rafter 
we  may  consider  B  /,  / ^,  ^  A,  A  A,  as  so  many 
separate,  uniformly  loaded  beams,  resting 
upon  their  respective  points  of  support,  with 
stresses  equal  to  -^^  W  at  each  end,  so  that 
the  direct  stresses  as  thus  considered  are,  at 
A  and  B  j*^  W  each,  and  at  7,  g.  A,  ^  W  each. 
But  the  stresses  at  I  and  k  are  transmitted 
through  the  struts  /  /',  hk'  to  their  respective 
suspending  rods  (braces),  and  bv  the  braces 
to  the  points  B,  g,  A.  A  simple  inspection 
of  the  diagram  will  show  that  the  resultant 
of  the  pulls  along  g  h'  and  g  V  will  be  equal 
to  I  W  along  g  D.  This  stress,  added  to 
the  direct  stress  at  g,  gives  \  W  for  the  total 
stress  at  that  point.  The  tension  along  g  h! 
and  A  A',  g  V  and  B  V  is,  in  each  case,  |^ 

W 

- — -T-  cos.  0.     By  the  same  reasoning  it 

will  appear  that  the  tension  along  B  D  and 

W 

D  A  must  be  \    .        cos.  0.   It  has  already 

been  shown  that  the  tension  along  B  C,  due 

to  the  primary  thrust  of  the  abutting  rafters, 

W 
is  \  -ri~z  COS.  0.      Hence  the  pull  along 

B  I  is  i.-J^^   (1  +  4  +  tV);  the  pull  along 


rD  is 
D£is 


tan. 

W 
tan.  0 

W 
tan.  0 


{\  -\-  \)y  and  the  pull  along 
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It  is  apparent  that  the  braces  produce  a 

compressive  stress  in  the  rafter  in  addition 

to  the  direct  thrust  caused  by  the  weight  of 

the  opposing  rafter.     A  g  D  and  B  ^  D 

may  be  considered  as  triangles  of  forces  in 

equilibrium.     By  taking  one-half  the  weight 

imposed  upon  the  strut  ^  D  4  W,  we  have 

at  once  the  means  of  determining  the  forces 

acting  upon  the  other  sides  of  each  triangle. 

It  has  already  been  shown  that  the  pulls 

W 
along  A  D  and  B  D  are  |    .         .  ,  and  the 

compression  of  the  rafter  due  to  these  two 

pulls  must  be  J  -^^  cos.  0  =  ^  -^^ 

In  the  same  way  it  may  be  shown  that  the 
compression  produced  by  the  braces  A  h' 

W 

the  total  compression  is 

The  pressures  upon  the  struts  g  D  and 
I  V  are  respectively  ^  W  and  -^  W. 

Many  trusses  are  constructed  with  the  tie- 
rod  raised  above  the  horizontal,  as  in  Fig.  II. 


Hence 


the  tension  on  the  rod  D  E  will  alwaji  thj 
inversely,  as  its  perpendicular  dbtaiMetai 
A,  L  e.  tension  on  B  G :  tension  on  D  S:: 
A  h'x  A  h.  The  tension  on  the  braeei  b^ 
be  formed  as  before. 

An  excellent  method  of  trussing,  and  m 
very  extensively  employed  in  Engltnd  fti 
moderate  ^pans,  is  shown  in  Fig.  III.    Itii 
known  as  the  king  and  queen  post  tiM, 
a  a'y  h  b\  c  c',  &c.,  are  struts,  and  al^,h(f^ 
c  d\  &c.,   are   suspension   rods,  and  tkir 
arrangement    is   such   that   B  cT  c,  fi  c'  I, 
B  ^  a,  &c.,  may  be  considered  as  bneei 
holding  each  its  own  strut.     Assumiag,  ai 
in  the  first  example,  that  Bd,  dcych^kt^ 
are  separate  beams,  each  supported  it  iti 
extremities,  then  (assuming  also  that  then 
are  four  secondary  trusses),  the  distribatki 
of  the  load  is  as  follows :  i  the  weight  oC 
the  rafter,  or  ^  W,  rests  directly  od  eaek 
of  the  points  a,  ^,  c,  d,  and  ^^^  W  on  A  tf  B^ 
By  means  of  the  braces  and  sirota  CDe-half 
the  weight  at  <2  is  transmitted  to  c,  }  Ikt 
weight  at  c  to  &,  }  the  weight  at  ^  to  «,  aai 
f  the  weight  at  a  to  A.     If  we  ntelft  ths 
thrust  along  any  one  one  of  the  stnta,  kt 


We  have   ascertained 


that  the 


tension 
W 


on  a  rod  from  B  to  C  would  be  f  =  K 

*  tan.  0. 

An  inspection  of  the  diagram  will  show  that 


instance  b  b',  into  the  two  components  vU^^ 
withstand  it,  viz :  b'  c'  and  d  &,  the  fbmer 
will  represent  the  additional  puU  on  tbe  tie 
rod,  and  the  latter  the  pull  on  the  qi0^ 
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y  caused  by  the  stress  at  If.  Treat- 
le  stresses  at  the  other  points  in  the 

manner,  we  shall  find  that  they  all 
rise  to  equal  additional  palls  on  the 
i.     But  the  pull  on  the  tie-rod  pro- 

by  the  strut  ddl'w^.  .    Hence 

nsiona  on  the  tie-rod  are 

:ween  ^  ^  =  ii^(\  +  T^)- 


d'B 


tan.  ^ 
W 


(i  +  A). 


tan.  0 

le  tensions  on  the  queen-posts  are, 
on  c  if  =  iV  W 

ai'=i  W 
Aa'=i  W. 
3  king  post  A  a',  it  will  be  observed,  re- 
the  stresses  from  two  struts — a  a',  e  a'. 
\  few  illustrations  we  have  given  con- 
be  main  principles  involved  in  the  op- 
D  of  forces  upon  the  frame  work  of 
ular  roofs  of  moderate  size.  The  va- 
is  of  detail  may  be  almost  infinite,  and 
ire  sometimes  very  complicated,  but 
isily  reducible  to  simple  thrusts  and 
and  to  parallelograms  of  forces, 
iron  roofs  the  trusses  described  are 
to  serve  the  purposes  of  both  principal 
>mmon  rafters.  The  distances  between 
may  vary,  according  to  circumstances, 
\  ft.  to  30  ft.     In  the  latter  case,  and 

cases  where  a  considerable  interval 
»n  rafters  is  desirable,  the  purlins  must 
ssed.  The  foot  of  the  rafter  may  be 
ed  into  a  cast-iron  saddle  bolted  to 
ill  plate,  and  the  main  tie-rod  may  be 
and  riveted  to  the  web  of  the  rafter, 
y  pierce  the  casting  and  be  fastened 
:ey  or  pin,  or  thread  and  nut.  These 
rs  of  minor  detail  are  always  highly 
•le  and  are  determined  simply  by  con- 
tions  of  convenience.  In  this  climate 
titudc,  provision  should  be  made  for 
ig  the  length  of  the  main  tie  to  adapt 
the  wide  ranges  of  temperature,  and 

best  accomplished  by  a  swivel-nut  in 
Qter. 

I  purlins  are  bars  of  iron,  crossing  the 
\  at  right  angles,  and  to  them  the  roof 
ng  is  directly  attached.  The  most 
le  form  is  ordinarily  a  double  flanged 
r  rail,  of  such  a  length  that  its  ends 
rest  upon  rafters. 


The  roof  covering  may  be  wood  or  iron. 
In  the  former  case  it  is  shingled  or  tiled, 
and  in  the  latter  corrugated  iron  is  by  &r 
the  best  material.  Corrugated  iron  may  be 
obtained  in  sheets  of  any  length  not  ezoeed- 
ing  8  ft.,  and  the  length  of  the  sheets  should 
be  a  multiple  of  the  length  of  the  rafter, 
added  to  the  proper  allowance  for  overlaps. 
Thus,  a  rafter  27  ft.  long  will  require  four 
lengths  of  7  ft.,  4  in.  beingallowed  for  eaoh 
of  the  three  overlaps,  ^ut  the  lateral 
joints  would  present  a  difficulty  if  the  plates 
or  sheets  were  of  uniform  length,  since,  in 
that  case,  the  intersection  of  a  lateral  and 
terminal  joint  would  involve  the  superno^i- 
tion  of  the  comers  of  four  sheets,  wnich 
must  be  avoided  by  breaking  joints  in  alter- 
ternate  courses.  Hence  a  certain  propor- 
tion of  the  sheets  (easily  determined  by  the 
circumstances  of  the  case)  should  be  ordered 
of  extra  length  and  an  equal  number  of  in- 
ferior length.  In  the  case  supposed  of  a  27 
ft.  rafter,  one  8  ft.  and  one  6  ft.  plate  should 
be  ordered  for  every  six  plates  of  7  ft.  The 
junction  at  the  ridge  is  best  effected  by  a 
cast-iron  covering,  sloping  in  both  directions 
for  a  few  inches,  and  with  its  edges  corruga- 
ted to  fit  the  surfaces  of  the  plates,  and 
overlapping  them  a  few  inches.  This  cast- 
ing should  be  made  of  the  best  iron  in  the 
most  accurate  manner  and  of  the  least  thick- 
ness consistent  with  sound  casting.  Open- 
ings for  ventilators  may  be  left  in  them  if 
desirable.  The  plates  should  be  prepared, 
before  laying  them,  with  a  good  coating  of 
mineral  paint,  in  which  oxide  of  iron  is  a 
principal  constituent. 

We  introduce  a  portion  of  an  article  by 
Mr.  J.  J.  Birckel,  published  in  the  London 
**  Artizan,"  upon  the  accidental  stresses  to 
which  a  roof  may  be  subjected.  '*  Among 
the  accidental  sources  of  pressure,  wind  and 
snow  form  the  most  important  items,  be- 
cause both  may  occur  simultaneously.  Ac- 
cording to  General  Morin's  observations, 
snow  may  accumulate  to  the  depth  of  20 
in.,  and  as  its  weight  is  ^th  that  of  water, 
the  pressure  due  to  this  element  would  be 
about  11  lbs.  per  square  ft.  The  same  phi- 
losopher, however,  thinks  that  one-half  this 
amount  will  make  ample  provision.  We 
will  keep  on  the  safe  side,  and  suppose  it  to 
be  6  lbs.  per  square  ft.  Respecting  the 
wind,  we  subjoin  a  short  table  of  the  pres- 
sures produced  at  various  speeds  upon  a 
plane  of  resistance  supposed  to  be  at  right 
angles  with  the  direction  of  the  wind : 
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Speed  in  ft. 
per  second. 


ft. 
10 
18 
28 


in. 
0 
9 
8 


86    7 


Pressure 
per  sq.  ft. 


0.2 
0.6 
1.6 
2.8 


Speed  in  ft. 
per  second. 


ft. 

46 

66 

181 


in. 
0 
7 
0 


Pressure 
per  sq.  ft. 


4.7 

9.6 

88.4 


General  Morin,  from  whose  work  the  above 
data  are  quoted,  thinks  that  a  direct  pres- 
sure of  3  lbs.  per  square  ft.  is  quite  suffi. 
cient  to  reckon  upon  ;  but  English  engineers 
differ  from  him  on  this  point,  and  make  al- 
lowance for  a  pressure  of  7  or  8  lbs.  per  ft.*' 
[In  this  country,  where  tornadoes  are  not 
unfrequent,  this  allowance  should  be  still 
greater,  though  the  chief  danger  to  be  ap- 
prehended from  such  disasters  is  the  access 
of  the  wind  to  the  underside  of  the  roof, 
through  windows  and  elsewhere.]  **  In  the 
following  tables  we  give  the  items  of  perma- 
nent pressure  duo  to  the  covering,  and  to 
the  structure  of  the  roof  itself,  which,  added 
to  the  items  previously  defined,  will  make 
up  the  whole  weight,  which  must  form  the 
basis  of  calculation  of  the  strength  of  the  roof: 


Nature  or  Covering. 

Weight  in  lbs. 

per  sq.  ft. 

Common 
Hollow  ti] 
Slates.  .. 

tiles  .... 

18 

cs 

•    16  to  18 

8 

Hollcd  Conner 

8 

Zinc 

2 

Galvanized  sheet  iron 

2 

Corruirate'l  ahftftt  iron 

n 

Asphalte 

TMe  of  Weight 

9  of  Principals  and  Purlins, 

Distance 

between 

principals 

Span. 

Weight  of 
principal. 

Weight  of 

purlins  for 

one  bay. 

Weight 
per  sq.ft. 
of  roof  g. 

ft.   in. 

ft.  in. 

lbs. 

lbs. 

lbs. 

6    6 

26    0 

187 

226 

2.03 

6    6 

40    0 

887 

290 

2.20 

6    6 

66    9 

888 

418 

2.87 

6    6 

82    0 

1,668 

482 

8.80 

9  10 

26    0 

194 

608 

2.69 

9  10 

40    0 

602 

668 

2.76 

9  10 

66    9 

1,387 

948 

8.89 

9  10 

82    0 

2,626 

1,088 

4.84 

18     1 

26    0 

246 

969 

8.38 

18     1 

40    0 

680 

1,288 

8.26 

18    1 

66    9 

1,706 

1,781 

8.81 

18    1 

82    0 

2,766 

2,066 

4.22 

Kean  weight  per  sq.  ft,  8.22  lbs. 


Observatiohs. — ^These  data  ire  tpab&i  tim] 
Gen.  Horin's  work;    principals  soppoied  total 
trussed  as  per  diagram  No.  2;  their  wei|ktki 
been  increased  by  the  amoont  of  one-fa«rthte4h 
flciency  in  rafters;  angle  of  roof  about  25^. 

If,  now,  we  sum  up  the  pressures  inai| 
from  the  various  sources  enumented,  m 
shall  find  that  the  loads  per  square  foot,  tv 
different  kinds  of  covering,  are  as  folkn: 


Nature  or  Covkriho. 


Common  tiles 

IIollow  tiles 

Slates 

Rolled  copper 

Zinc 

Galvanized  sheet  iron 
Corrugated  sheet  iron 
Asphalte 


Wei^kk 
pertq.l 


SS 

29 
28 
2S 

22 
22 
221 

2rj 


The  load  of  40  lbs.  per  sq.  ft.,  whiek  ii 
generally  taken  by  English  engineers  as  a 
basis  in  the  calculation  of  roofs,  is  bj  do 
means  exaggerated,  though  it  may  be  qvito 
sufficient. 


Aero-Steah  Engines. — Some  intereit- 
ing  trials  of  Warsop's  air  and  steam  en- 
gine have  been  for  some  time  in  progress  at 
Nottingham;  and  the  report  upon  the  re«olti 
has  been  made  by  a  well-known  and,  in  such 
matters,  very  painstaking  London  engineer. 
The  engine,  being  started  by  steam  in  the 
ordinary  manner,  a  single-acting  air  pamp, 
worked  from  the  crank-shaft,  compresses  air 
to  a  little  more  than  the  boiler  pressure,  tho 
air  thus  passing  through  a  long  circait  of 
straight  and  coiled  pipe,  which  traverses  the 
exhaust  pipe,  makes  several  spiral  coils  in 
the  chimney,  then  descends  at  one  side  of 
the   firebox,  exposed   to   the  full  fire,  and 
finally  connects  with  a  valve-box,  throngk 
which  the  air,  more  or  less  heated,  enten 
the  boiler  at  the  bottom  of  the  water  space. 
So  far  as  the  experiments — carefully  made 
upon  an  imperfect  engine,  worked  alternate- 
ly with  steam  alone  and  with  steam  and 
air — can  be  taken  as  establishing  a  principle, 
they  indicate  a  considerable  economy— an 
economy,  however,  beyond  anythingwhich, 
as  yet,  is  inferable  from   theory.    TurtJier 
experiments  upon  a  new  and  greatelj  im- 
proved engine  on  Warsop*8  system  are  a^ 
ranged  to  take  place  very  shortly,  when  the 
results  will  be  laid  before  our  readers.^ 
Engineering, 
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dARKABLE    ENDURANCE    OF 
BESSEMEIl  STEEL  AXLEa 

foHoiriiig  tabic  gives  in   detail,  tLe 

*  seTeral  steel  axles,  uken  at  random 
number  of  uxh»  made  by  the  Fenn- 
a  8t«ol  Company^  oat  of  their  regular 
t  of  Beisemer  steeL 
fint  test  ahowif  probably,  the  most 
able  eDdarance  on  record,  vl% :  beod- 
Tkward  and  forward  under  a  ton  drop 
forty-six  times  from  a  heigh  tof  1C| 
)d  twelve  times  from  a  height  of  18 
he  axle  being  rever&cd  alter  each 
jid  the  total  dcflectioQ  back  and  forth 
lii3  inches. 

sr  BsASEViea  Ste£i,  Axt^iss  mad§  tU  the 
firaafa  St^l  Worki,  Baldwia,  near  HarrU- 
,  P«*,  Mav,   IS«0. 

hi  of  drop  1,^000  llu.  V  ihnpedi  wroaght  iron 
wrings  3  feet  Apirt  on  ii*»i  iron  lupporU'] 


DEFLECTION 

.^Inckks 

. 

lk* 

r 

11- 

B«for« 

An«r 

EffBOtuf 

TotaL 

bloir. 

Vloir. 

blow. 

i7 

^     .00 

^  3.44 

3.44 

3.44 

-^  1.44 

—     .00 

3.44 

0,88 

—     .00 

^  3.00 

3.041 

0.04 

1    ^  3.00 

—     .00 

3.0A 

13. 

~     .00 

^l.B« 

1,B8 

U,&8 

^  1.88 

—     .00 

1.88 

18,75 

—     .00 

^  3. 

3. 

31.75 

^  3. 

—     ,00 

3- 

34.75 

—     .00 

^  3. 

3. 

27.75 

-^  3. 

—     .00 

3. 

30. 75 

—     .00 

wl. 

3. 

33.75 

-^  3, 

-     ,00 

3. 

30.75 

—     .00 

w  1.75 

3.T5 

30.5 

'^  l.Ti 

—     ,00 

2.75 

42.35 

—     .00 

w  3- 

3. 

45.35 

--^  3. 

—     .DO 

3, 

48.35 

—    *oo 

^  3.10 

3.10 

31.44 

^  3-19 

—     .00 

3.  IS 

54,01 

—     .00 

^  3,13 

3.13 

57.75 

^  a.ia 

—     .00 

3.13 

60.  SS 

—     .00  1 

^  3.13 

3.12 

64* 

^  3,13 

-     .00 

3.13 

67.13 

—     .00 

w  5.10 

3.10 

»70..Sl 

-^  3.1U 

^    .3a 

3.44 

73.75 

-^     .33 

.^  5*11 

3.3«t 

.77.12 
^81.25 

'^  3.11 

^  K 

4.12 

^  1, 

V.   1. 

1. 

fiA.25 

^  1. 

^1.5 

2,5 

ft5.76 

^  1.3 

w  1 

2.* 

88.26 

'^  I. 

^  1.38 

2,38 

00.02 

^  1.38 

w  1.2A 

2.62 

03.26 

^  K15 

s^  l.S 

2.76 

06. 

'^  1,& 

^  i.n 

3.62 

0»J.«3 

-^  1,U 

^  1.02 

2.75 

101. 38 

'^  uot 

^  1.13 

2.7i 

104,13 

'^^  KU 

^  l.fi 

3.03 

106,75 

bad  I  oTftr  betureftu  Z3d  »iid  24  tb  blovf,  at 

0  bent  11  dew  be  bj  23d  blow. 

umI  4  9W9t  tot  Aftme  re«j<PO|  b«tWP«n  l^tb  *qd 


» 


37 
38 
39 
40 
41 
43 
4^ 
U 
46 
40 
47 
48 
40 
50 
51 
52 
53 
54 
56 
56 
57 
68 

1 
1 
3 
4 
6 
0 
? 
8 
9 
10 

n 

13 
13 
14 
15 

16 
17 
18 
10 
30 
31 
32 
33 
24 
35 
36 
27 
38 
30 
30 
31 
31 

i  33 
34 
35 

i  30 
3T 
38 
30 


Be'gbt 

of 

fall 


ft.  in 

16  8 
do 
do 
do 
do 
do 
do 
do 
do 

do 

do 
do 
do 
do 
do 
do 
do 
do 
do 
do 

16  0 
do 
do 
dn 
no 
do 
do 
do 
do 
do 

do 
do 

do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
do 
d6 
do 
do 
do 
do 
do 
do 
do 
do 
do 


DEFLECTION,— Ijrcaii. 


Beforo 

blow. 


1.5 

.88 
1,03 

.88 
1^75 

.88 
1. 75 


^  1.75 
^  1.25 

::k5 

^  I  75 

.-.  .88 

-^  1.75 

^  88 

^  1.76 

--•  1- 

—  .00 
-^  3.88 

—  ,00 
^  3.5 

—  .00 
^  3.6 

—  .00 
^  3.6 

00 
6 

00 
^  3.82 

—  ,00 
^  3.76 

—  .00 
'^  1.63 

—  .00 
-^  3.75 

—  .00 
""  2.76 

—  .00 
^  3.T6 

—  .00 
^  1.75 
^  1,25 
^  1.5 
^  1.38 
^  1.25 
^  1.5 
^  1,38 


^  a 


1,13 
1.5 
1,15 
1,5 


blow. 


.88 
1,03 


w  I 


75 
88 
1-76 


-^  I 


02 

.75 
l.Ol 
I. 

1,76 
K25 

1.75 

1.5 

1.75 


^  1 


76 
.88 
I.T6 
1. 


1.88 
*00 

3-5 
.00 

2.5 
,00 

2.5 


1.5 

.00 
3.03 

.00 
1.T6 

-00 
2.02 

.00 
1-75 

.00 
3.75 

.00 
3.76 

.00 

1.75 

1.35 

1.6 

38 

15 

5 

38 


w  I 


.5 

.5 

.35 

.03 
1,11 
1.6 
1.35 
1.6 


ElFe«l  of 
blow- 


3.38 
2,5 
3.5 
3.01 
3.63 
3  02 
3h01 
3.5 
3.38 
3.38 
3.61 
3.76 
3. 
3. 

3.35 
3.35 
3.63 
2.02 
2.63 
3.01 
3.75 
broko. 

3,S8 

3.88 

3.6 

3.5 

2.5 

3.6 

3.5 

3,6 

3.5 

3.5 

3,63 

3.02 

3,75 

3  75 

3/63 

3  01 


.75 
,75 
.76 

.75 
.75 
.75 
.75 


3. 
1, 
3. 
3. 
3. 
3. 
1. 
3. 

3.75 
3,88 
3.01 
3.75 
3.88 
3.38 
1,5 
3, 

1.7S 
1.88 
1,75 
1.61 
2.75 
1-75 
broke. 


Total, 


100.11 

111.61 

114,11 

116  70 

U0,3S 

133. 

134.88 

137.12 

11».5 

131 .Ha 

134,5 

137 /2S 

140. IS 

H3.28 

146,5 

140  73 

163.^ 

155. 

167.M 

100. 3i 

103. 


1.88 

5.7ft 
8.  IS 
10. 7S 
13.26 
15,73 
18.35 
30.75 
33.10 
35.75 
18.38 
31. 
33,76 
30.5 
30-13 
41.70 
44  5 
47.33 
60. 
63.70 
65.fr 
68.3ft 
iO- 
03. 
;06,79 
'08,61 
71,33 
74. 
70.3t 
7U,3$ 
B1.7fr 
+84.76 
*87.5 

00.  ;a 

03.11 

fi95,7ft 

*98.5 

10U3& 


•  A  little  era^k  ^boat  t  ^a,  X  ^'^^  ^^'  opeiiod  oa 
viuler  Hdtf  &boui  1|  in.  from  polst  itruck  oa  top 
■Ide. 

+  Tbii  eraek  wu  iLi-tiak  and  oloied  op. 

I  S&me  <irao1t  opened  a  tltbl«  wider. 

\  Crttok  keept  o|>«iiiDg. 
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BEFLBCTION 

.— IlCBKi 

■1 

of 

%« 

p 

fftU. 

Beforo 

After 

Effect  of 

Total. 

* 

9 

blow. 

blow. 

blow*    1 

,K 

\ 

ft-iu. 

1 

16  6 

—    ,00' 

w3. 

3. 

3. 

2 

ac*    ' 

■^  %. 

—     .00 

3. 

4. 

S 

do 

—     ,00 

w  2, 

3. 

4, 

4 

do 

^  1. 

^     ,3S 

3,38 

8,B8! 

5 

do 

^     ,3S 

.^  1.76 

2,12 

10,6 

A    1 

di* 

^  1.75 

w     „^ 

1.12 

12.62 

T 

do 

^     *38 

w  1,88 

2.25 

14.88 

S 

do 

^  1.&8 

^     .5 

2,38 

17.25 

fl 

do 

^     .5 

s-^  1.75 

2.26 

lfl.5 

10 

do 

^  1.76 

'-'     .6 

2.25 

21,25 

11 

do 

^     ,b 

^  1.62 

2.12 

23.88 

li 

do 

^  1,83 

^     .6 

2.12 

30. 

IS 

do 

'-^     .5 

w  1,75 

2.25 

28.26 

14 

do 

--  1.75 

^     .35 

2,12 

30.38 

li 

do 

^   .se 

V  1.76 

2.12 

33.5 

10 

do 

^  1.76 

^     •38 

2.12 

34.02 

17 

do 

^     .38 

w  1,62 

3, 

36,02 

IS 

do 

-^  1.63 

w     ,38 

2, 

3B,62 

10 

do 

^     .38 

^  1.76 

2.12 

40.75 

to 

do 

'^  1.75 

^     .5 

2.15 

43. 

31 

do 

^     ,6 

^  1.03 

2,12 

45.12 

32 

do 

^  1.42 

w    -6 

2.12 

47.25 

33 

do 

^     ,5 

w  1.75 

2.25 

49,6   1 

34 

do 

'-^  1.76 

^     .38 

2.12 

61,62 

3« 

do 

^     .S8 

^  1.02 

2. 

6S.62 

s« 

do 

^  l.OS 

^     .S8 

3. 

55,62 

37 

do 

--     M 

w  1,02 

3. 

57.62 

IS 

do 

^  1-02 

s^     ,38 

3. 

50,62 

ill 

do 

^   .3a 

V.  1.75 

2,12 

61,75 

S« 

do 

^  1.75 

^     .38 

2,12 

63,88 

ai 

do 

'^     ,38 

^  1.75 

2,12 

60.. 

S3 

do 

-^  1.76 

^     .5 

2.25 

68.26 

13 

do 

^     ,6 

^  1.75 

3.25 

70,5 

34 

do 

^  1.75 

w     .38 

3.12 

73.62 

3fi 

do 

^     .S8 

w  l.OJ 

2. 

74.62 

3fi 

do 

.^  1.02 

w     .38 

2. 

70.62 

a: 

do 

^  .m 

wl.75 

2,12 

78.75 

as 

do 

^  K75 

^     .Sfl 

2, 

80,75 

99 

do 

^     .35 

^  1,75 

2. 

82,75 

40 

do 

^  1.75 

^     ,5 

2.25 

85. 

41 

do 

^     .6 

^  1,02 

2.12 

87.14 

41 

do 

^  1,02 

^     .38 

3, 

89,12 

43 

do 

^     .3S 

w  1.02 

2. 

91,12 

44 

do 

^  1,62 

w     .5 

2,12 

93.25 

45 

do 

^     ,5 

^  1.75 

2.25 

95.5 

44 
I 

do 
do 

'^  1,75 
—     ,00 

broke. 
2,S8 

^  3.88 

2,88 

3 

do 

^  3.88 

-     .00 

2.08 

6,75 

3 

do 

—     .00 

^2.5 

3.5 

8,35 

4 

do 

^  3.5 

—     .00 

2.5 

10,75 

A 

do 

—    .00 

^  3.6 

2.6 

13,25 

6 

do 

^  2.6 

_     .00 

2,5 

15,75 

7 

do 

—     ,00 

^  2.6 

3.6 

18.25 

a 

do 

^  2,5 

_     .00 

2.5 

30,75 

V 

do 

«     ,00 

w  2  5 

2,5 

23.25 

10 

do 

'-vl.S 

_    .00 

2.5 

25.75 

11 

do 

^     .00 

^  3.5 

2.5 

28,25 

13 

do 

^  3.6 

^     .00 

2.5 

30.76 

IS 

do 

_     .00 

V.  3.62 

2.02 

33,38 

14 

do 

^  3.83 

_     .00 

2,62 

34. 

15 

do 

_     .00 

w  2,68 

2.64 

38,56 

IS 

do 

^  5^68 

—     .00 

2,54 

41,12 

17 

do 

_     .00 

^2.76 

2,75 

45,88 

18 

do 

^  3.76 

-     .00 

2.75 

4A,S2 

W 

do 

-,     .00 

^  3,76 

2,75 

40,38 

do 

^  3.75 

~     .00 

3,76 

63.12 

do 

_     .00 

^  2,5 

2.6 

64,02 

do 

-^  3.6 

—     ,00 

3.5 

67.12 

do 

—     .00 

^  2,62 

2:03 

59.75 

^« 

^  1.03 

~     .00 

2,43 

62.38  |l 

J>BFX»SOfIOIf .— lifi». 


•  Tomt^d  l*lOtb  oYor  h  u  to  bil  pquftnlf; 
bkok  after  next  blow. 

t  It  point  wbfli«  Mirmtkf  3  tni«11  ionfitidl 
fko«  orAcki  ^i  uoder  lido^  »t  Uioo  of  Uit  Uoi 


TAN  NOSTRAND'S  ENGINEERING  MAGAZINE. 


681 


SE  FUENCB  ATLANTIC  CABLE. 

From  <<The  Engineer.'* 
nother  colamn  will  be  found  a  summary 
ery  interesting  lecture  by  Mr.  Fleem- 
snkin,  one  of  the  electricians  engaged  in 
ir  Atlantic  cable  expedition,  containing 
information  about  the  method  of  lay- 
te  French  cable.  We  are  indebted  to 
Tenkin  for  the  accompanying  diagrams, 
i  show  some  of  the  essential  points  of 
ppliances  to  be  used  to  submerge  the 
.    Fig.  1   ib  a  section  of  the  Great 


brake.  In  this  cut  0  is  the  pivot  of  the 
break-wheel,  and  C  the  pivot  on  which  the 
lever  C,  A,  B  works.  W  is  the  weight  on  the 
brake.  The  brake-whedl  is  attached  to  the 
paying-out  drum.  When  the  friction  of  the 
brake  strap  is  greater  than  the  weight  W,  the 
latter  is  lifted  up,  and  as  0,  A,  B  is  shorter 
than  0,  A,  B,  the  change  of  angle  relaxes  the 
brake  strap,  and  lets  the  wheel  slip.  In  this 
way  the  strain  on  the  cable  never  can  exceed 
that  of  the  weight  W.  Fig.  3  shows  Appold's 
brake  drum.  In  this  cut  C  is  the  center  on 
which  the  lever  hangs,  to  which  the  weight 


m,  showing  the  tanks  containing  the 
,  and  the  position  of  the  paying-out  and 
iff-np  machinery;  B  is  the  bow-wheel 
irfiich  the  cable  is  hauled  in;  D  the 
Dometer;  P  the  picking-up  wheel;  and 
fore-tank.  The  main  tank  is  omitted; 
t-tank;  E  paying-out  drum;  D  the 
nometer,  and  »  the  stern  wheel,  with 
ible  running  out  into  the  ocean. 
^.  2  and  3 
lent  the 
important 
of  tne  pay- 
nt  machin- 
Qvented  by 
i%e  Mr.  Ap- 
Fig.  2 
I  the  princi- 
f  Appold's 


W  is  attached,  and  applies  pressure  to  the 
strap  on  the  break  wheel  of  the  paying  out 
drum.  To  prevent  the  weight  W  from  vi- 
brating, there  is  a  piston  at  P,  fitting  close- 
ly into  a  cylinder  containing  water.  T  is  a 
capstan  wheel  for  lifting  up  the  weight  W 
when  the  paying-out  machinery  is  entirely 
released  from  the  brake. 

Fig.  4  shows  the  picking-up  catenaries. 
In  the  upper  part  of  the  cut,  M  represents 
the  grapnel  at  the  surface  of  the  water,  show- 
ing the  catenary  which  would  be  formed  bv 
a  cable  paid  out  with  14  per  cent  of  slack 
and  lifted  in  a  depth  of  2,000  fathoms.  In 
the  lower  part  of  the  cut,  S  represents  the 
Great  Eastern,  and  B,  M,  two  auxiliary  ves- 
sels simultaneously  lifting  the  cable.  M  is 
a  sharp  grapnel  intended  to  cut  the  cable, 
and  so  reduce  the  strain  upon  the  cable  at  S. 


Fig.  8. 
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Fig.  5^  representing  the  paying  out  of  the 
cable,  shows  the  angle  at  which  the  cable 
lies  behind  the  ship  in  paying  out  at  four 
knots  per  hour.  E  is  the  Great  Eastern,  i 
and  A  the  point  where  the  cable  reaches  the 
bottoni  of  the  ocean,  the  praotieal  depth  of 
the  water  being  2,000  fathoms. 

The  ghore  ends   of  the    French-Atlantic 

Fig.  6, 


cable  are  very  heavy,  hut  taper  as  they  \ 
reach  the  deep  sea  portions.  They  have  the  | 
same  core  as  the  muin  cable,  and  at  the  end  i 
furthest  from  the  shore  are  each  covered ' 
with  twelve  HB  galvanized  iron  wires,  ,238  \ 
in,  in  diameter,  wcigldug  not  less  than 
11,160  Ibia.  per  knot.  The  heavy  shore  end 
next  the  lauding  places  h  £rst  covered  with 
twelve  BB  galvanized  iron  wires,  nmcteen 
inches  in  diameter,  served  with  a  sufficient 
quantity  of  tarred  yarn  to  form  a  bedding 
for  twelve  strands,  each  formed  of  three 
galvanized  iron  wires  .230  inches  in  diame- 
ter, giving  a  total  weight  of  iron  per  knot  of 
not  leas  than  38,000  lbs.  All  the  iron  wire 
is  of  the  quality  known  a,**  "  best  best/'  free 
from  inequalities,  galvanized,  annealed,  imd 
capable  of  being  btrnt  round  itself  and  un- 
bent without  breaking.  There  is  no  weld 
or  jtJint  in  any  of  the  iron  wires  within 
twelve  feet  of  any  other  weld.  The  shore 
ends  are  further  covered,  outside  the  iron 
wires^  with  two  coatings  of  mineral  pitch 
and  silica,  in  the  proportions  of  sixty  and 
forty  parts  respectively,  with  sufficient  mine- 
ral tar  to  give  the  requisite  consiHtcnce,  and 
with  two   servings  of  tar   hemp  y%m,  laid 


alternately,  the  fir«t  rx)^iD:;(/| 
being  next  the  wire*,  tkn  ti 
of  compound,  then  the  jiflii 
and    lastly    euiu pound.    Tk«  ( 
pound  was  applied  hot  ind  ( 
was    laid    over   immediittlj  i 
wards.     The    yarn    is  ev« 
covered  with  the  comtHniftd,! 
the  outsider  of  the  short  i 
smooth  and  reguUr.     There  I 
knots   of   the  heaviest  t^mt  i 
and  127  knot^  of  the  ligktefl  i 
end ;  very  little  of  thi-?  ^ 
will  be  laid  oif  the  coa- 
but  a  great  deal  off  8t 
each  end  of  the  deep  ^« 
will  be  a  taper  a  fjn  .r^ 
long*  joining  it  to  iS 
The  joints  in  the  iron  w 
acarphing  the  ends,  bindn 
wires  and   soldering  tl  •  c-r-^ 

also  served  with  the   L         :_  >  r  Sn 

Zealand  hemp  steeped  in  tar,   Thf  c-jD^iiKtif 
consists  of  a  strand  of  atsven  wixt-    '' ^^« 
nealed  copper,  with  an  electrical  ri 
per  knot  at  a  temperature  of  75  il  . 
of  not  more  than  3.25  Brit 
elation    units.      The   iu'^  r- 

the  strand  are  compk  t    \  jI        , 

-^  with  Chatter  ton's  compound.     lU 
gutta   percha    insulator   i«   pat  (41 
in    four   concentric    layeni    of  equal  tkkk* 
ness,  with  a  layer  of  ChattertoD*s  oompoinj 
between  each  layer  of  gutta  perch*.    Tk^ 
electrical  resistance  of  the  inaulator  at  T5 
deg*   Fah.  is  not  less  than   250  nn 
British  Association  nnits  after  one  l... 
eleetrification.    The  £ntshed  core  is  ^ 
of  resisting  the  passage  of  water  altfug  J 
conductor,  when   a  pressure  of  tklO  Iht.  pa 
square  inch  is  applied  at  one  end  of  ■  fjwci* 
men   6   in,   long.     Very  great    pr<*caut«» 
have   been  taken   by  the  manufacttirtn  J' 
prevent  faulty  joints,  for  it  is  at  the  jo 
that   electrical   leakage  is    most  t 
occur.     During   all    processes  of  xl 
ture  the  cable  was  kept  as  much  as  bowUU 
under  water,  and  on  board  tlu-  nrt>At  KiJt^rt 
the  cable  tanks  are  kept  nc: 
so  that  the  cable  is  conipkiL..  l 

The  main  cable  from  the  i&UikI  d  Sl 
Pierre  to  the  United  States,  is  7*>0  mk$ 
long,  and  will  take  a  very  indirect  r<wt«,  W 
cause  of  the  inequalities  and  dangtn  ^ 
sen  ted  by  the  bottom  of  the  sea  off  ibe  «rt* 
ern  coast  of  America.  This  cable  bta»| 
shorter  and  more  easily  recoTerahlc  ii  •■• 
of  aooidenti  is  not  of  such  good  «|ttilitf  v 
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condacting  strand  of  seven  copper 
;hing  107  lbs.  per  knot,  and  the 
of  gatta-percha  and  Chatterton's 
,  weighs  150  lbs.  per  knot.  This 
?ed  with  tanned  jute  yam,  with  a 
>f  ten  BB  galvanized  wires,  .165 
eter,  weighing  about  4,254  lbs.  per 
has  an  outer  protection  of  hemp 
Itc,  laid  on  in  two  coatings.  The 
s  are  of  the  same  description  as 
lected  with  the  main  Atlantic  ca- 
there  are  twenty-two  knots  of  the 
hore  end,  and  fifty-four  knots  of 
*  shore  end  to  be  used  with  the 
e  connecting  St.  Pierre  with  the 
ites. 

rdance  with  the  terms  of  the  con- 
een  the  *'  Sooi^td  du  Cable  Trans- 
Frangais,  Limited,"  and  the  Tel- 
nstruction  and  Maintenance  Gom- 
litcd,  the  latter  will  receive  in  all 
if  they  lay  the  whole  line  success- 
it  keeps  in  good  working  order 
nths.  But  the  greater  portion  of 
amount  has  already  been  paid  to 
le  following  are  the  particulars : 

mt £60,000 

of  cable  at  £164 

£684,496 

on  of  manufacture,  604 

686,000 

lenU  of  £20,000  each,  when 
th  of  600  miles  was  coiled  on 

140,000 

hip  leaves  Brest 86,000 

tion  of  the  bcction  between 
1   St   Pierre    (in  ftilly  paid 

80,000 

ion  of  the  section  betwoen  St. 

d  the  United  States 10,000 

I  after  the  completion  of  the 

mlly  paid  shares) 20,000 

£920,000 

J   the   Great   Eastern  returns  to 
(he  will  take  fresh  cable  on  board 
for  India,  to  lay  a  line  between 
.nd  Suez. 


Oastinos. — Railway-wheels,  an- 
s,  gearing,  frogs,  and  many  other 
Is  are  now  cast  by  Butcher  and 
1  makers,  at  much  less  than  the  cost 
s,  and  with  double  the  strength  and 
;  smoothness  of  the  best  iron  cast- 
om  our  extended  experience  with 
for  steam  hammers,  and  with  steel 
re  are  prepared  to  express  the  be< 
teel  castings  rank  among  the  great 
of  the  day. 


THE  SUBMERSION  AND  RECOVERY  OF 
SUBMARINE  CABLES. 

CONSTRUCTION  OF  THE  FRENCH  ATLANTIC 

CABLE. 

From  a  paper  read  before  the  Royal  Inttitvtiony  by 
Professor  Flbkminci  Jbmkix,  F.  R.  8. 

The  speaker  began  by  stating  that  his  ob- 
ject was  to  explain  the  principles  on  which 
engineers  had  acted  in  laying  and  recovering 
submarine  cables,  rather  than  to  exhibit  the 
details  of  the  machinery  employed.  The 
general  construction  of  electrical  cables  was 
first  described,  and  specimens  were  shown ; 
especial  attention  being  drawn  to  the  deep 
sea  French  Atlantic  cable,  consisting  of  the 
following  parts :  A  copper  conductor,  gutta- 
percha insulator,  and  jute  serving,  surround- 
ed by  ten  wires  of  homogeneous  iron,  each 
served  with  five  Manilla  yarns  saturated  with 
tar. 

TABLE  I. 

Construction  of  French  Atlantic   Cable — 
Deep  Sea  Section. 

Lb«.  weight    0iaineter  Breaking 
per  knot,      in  inchet.  strain,  lb. 

Copper 400  .168         644 

Gutu-percha 400  .468 

Serving 284  .669 

Homo,  wires  (10) 1,689  .100         960 

Manilla  strands  (60) ...    1 ,091  ....  660 

Each  served  wire 268  .246      1,660 

Cable 8,701        1.184    16,680 

Weight  of  cable  in  air 1.662  tons  per  knot. 

^»  *         water 768  " 

Strength  in  tons 71  tons. 

Table  No.  1  gives  the  dimensions,  weights 
and  strengths  of  each  of  the  component 
parts.  The  wire  served  with  hemp  will  bear 
a  greater  weight  than  the  sum  of  the  weights 
borne  separately  by  the  wire  and  the  strands; 
and,  again,  the  ten  served  wires,  when  form- 
ed into  a  rope,  bear  a  greater  weight  than 
the  sum  of  the  weights  which  each  will  bear. 
Moreover,  while  the  homogeneous  iron 
elongates  less  than  one  per  cent  before 
breaking,  and  the  hemp  elongates  only  .75 
per  cent,  the  two  combined  stretch  8  per 
cent.  This  paradoxical  result  is  due  to 
want  of  absolute  uniformity  in  the  strength 
of  each  part ;  when  separate,  each  breaks 
at  the  weakest  point;  when  combined,  the 
weakest  points  seldom  coincide  ;  hence,  the 
strength  of  the  combination  is  the  sum  of 
the  mean  strengths  of  the  parts,  necessarily 
greater  than  the  sum  of  the  minimum 
strengths.  The  so-called  spiral  or  helical 
form  does  not  really  render  the  cable  elastic 
or  liable  to  stretch,  nor  does  it  compress  the 
I  the  one  to  be  laid  across  the  Atlantic.     It 


VAN  NOSTRAND*S  ENGINEERING  iUGAZIXE. 


DeplK, •Cable  knots. 
20  a.  0  in.        72S 
16  a.  6  m.     1^100 
26  ft.  (i  Id.        i*12 


core  inside  the  slieathiiig,  as  waa  shown  by 
an  experiment  whero  the  core  was  actually 
'Withdrawn  without  causing  the  collapse  of 
the  sheathing. 

The  manner  of  coiling  the  cable  on  board 
ship  was  explained  by  diagrams  and  models; 
it  being  shown  that*  in  order  to  avoid  put* 
ting  a  twist  into  the  rope  when  taking  it  out 
of  the  hold,  it  waa  necessary  to  put  a  twist 
in  when  coiling  it  away.  Bad  coiling  pro- 
duces kinks  or  loops  drawn  tight,  which  are 
avoided  by  a  cone  filling  the  eye  of  the  colli 
and  by  rings  or  equivalent  arrangements 
preventing  the  bight»  as  drawn  out  of  the 
hold,  from  lashing  out  under  ^the  infiuence 
uf  centrifugal  force. 

The  following  table  givea  the  dimensions 
and  contents  of  the  **  Great  Eastern"  tanks 
aa  arranged  for  the  Atlantic  expedition. 
These  tanks  keep  the  cable  under  water  on 
board  ship  to  facilitate  the  electrical  tests. 
They  carry  a  weight  of  5,000  tons  in  a  bulk 
of  180,001)  c,  ft.,  the  tanks  not  being  filled 
quite  to  the  top, 

TABLE    ir, 

DiDtnet^r, 

Fore  tank 51  fl.  6  tu. 

Maiutauk......  75  ft.  0  in. 

AtU^r  tank hS  tX.  0  iu. 

Notwithstanding  their  enormous  weight 
and  size,  these  tanks  occupy  a  very  insig- 
nificant proportion  of  tha  whole  bulk  of  the 
**  Great  Eastern," 

Mr,  C.  W.  Siemens  has  for  light  cables 
employed  a  sort  of  reel  or  drum  oo  a  turn- 
table, with  partial  success^  instead  of  the 
fixed  tank  and  coiL  From  the  tank  the 
cable,  when  paid  out,  passes  over  a  pulley 
and  along  a  trough  to  the  brake  drum,  the 
object  of  which  is  to  restrain  the  free  exit 
of  the  cable  to  such  an  extent  as  is  desired. 
The  cable  is  laid  hold  of  by  being  passed 
several  times  round  a  drum,  as  a  rope 
making  fast  a  vessel  may  be  seen  to  be 
passed  round  a  bollard ;  the  friction  allows 
a  slight  strain  at  one  end  to  prevent  a  very 
heavy  pull  at  the  other  end  from  causing  the 
rope  to  slip  round  the  drum.  The  slight 
pull  at  what  may  be  called  the  light  end  of 
the  rope  is  given  by  a  series  of  Jockey  pul- 
leys which  play  the  part  of  the  hand  when 
the  rope  is  allowed  to  slip  round  a  bollard, 
"^  It,  in  paying  out  a  cable  the  rope  does  not 
Blip  round  a  drum ;  the  drum  itself  turns 
round  restrained  by  a  friction-band  or  belt. 

It  iH  essential  that  this  restraining  frio- 
tion  should  be  constant^ — a  result  obtained 
by  the  Appold  brake,  whicb  was  explained 


,n 


by  models  and  diagrami.     In  tkii  i 
mcnt  both  ends  of  the  brake ttnpi 
tached  to  one  lever,  in  aach  a  mvm 
when  the  drum   begins  to  t 
lift  the  lever  and  weight  hr 
as  the  lever  is  lifted  it  r 

strap  until  the  diffcren  'umii 

two  ends  of  the  strap  is  equal  us  Hit  i 
hanging  on  the  lever,     Wb»  ^  fKI*  j  \ 
case,  the  lever  in  no  longw 
mains  stationary  with  the  n 
the  dram  to  turn,  restrained  bjit 
friction  equal   to  the  weight  on  ibil 
If  the  co-efficient  of  friction  iuc 
lever  will  be  a  little   more 
strap  slackened  ;  if  the  cu- 
tion  diminishes,  the  lever  and  t^.I^^ 

fall,  tightening  the  ertrap;  but  in  i  ^ 

the  retarding  force  will  be  simply  v^  ^ 
the  weight. 

From  the  brake-drum  the  rope  dipt  \ 
a  weighted  pulley,  which  rides,  si  it  ^ 
suspended  on   a   V   of   taut   cable;  ' 
strain  increases,  the  rope    straightr 
raises  the  pulley^  if  the  strain  dimiui^ail 
the  weight  and  pulley  fiill ;  thoje  ih*  I 
of  the  pulley  indicates  the  straia.    Tknii 
strument  is  called  the  dynamometer. 
ly,  the  rupe  passes  over  a  pollej  Into  I 
sea. 

Having  shown  how  the  c^ble  wai  \ 
the  speaker  proceeded  to  show  bow 
strains  to  be  expected  could  be  dUe 
A  cable  paid  out  in  air  h&ng»  to  s  i 
curve,  but  in  water  lies  in  m  straif^ 
and  the  strains  in  the  two  caaatf  an  ' 
different.  In  air  the  rope  mttU  witk  1 
sensible  obstacle  to  its  motion,  cither  f 
tudinally  or  in  a  direction  p^srpendiciilar  : 
its  own  length  \  in  water,  on  thd  eootrarft 
each  foot  of  a  cable  meets  with  an  Hffm 
tion  to  its  motion  perpendicular  toils  Uosgtlu 
which  we  may  call  Q,  and  for  ih«  Atbw 
cable 

Q  =  154  r\ 

where  v  is  the  velocity  of  the  cable  ooivillf 
to  its  own  length  in  feet  per  aeeond.  Tlio^ 
as  the  cable  weighs  .2575  Iba.  per  fL^iti 
not  sink  faster  than  the  speed  girim  bj  t^ 
equation 

/2575=.154p,\ 

from   which    v  ,,   the   settKnir  Ttl 

found  to  bo  1.2^  ft,  per  ^ 

knot  per  hour.     The  re«til 

ance  to  displacement  is  that  the  tiaMc  u<j 

in  a  straight  line,  not  in  a  catenary  con«» 

supported,  &a  it  were,  by  an  iacUiieil  pltf* 
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ooDfltMitly  yielding  at  the  velocity 

molination  of  the  straight  line 

on  ike  velocity  of  the  ship  and  on 

being  at  all  affected  by  the  tension 

rope. 

aofl^  ^  at  which  the  cable  will  lie 

eaumlated  as  follows  :  Let  P  be  the 

of  the  water  to  displacement  by 

of  the  cable  of  the  weight  o)  when 

It  the  angle  0, 

P  =s  ca  006.  ^ ; 
be  the  velocity  at  which  the  cable 
perpendiculi^ly  to  itself, 

V^^  =  V  sin.  ^, 

V  is  the  velocity  of  the  ship. 
AlsoP=  6>-?iV-; 


«i' 


I,  COS.  ^- 


t?„*  _  V*  sin.*  ife 


Vi 


«i" 


and  vi 


>     J         - ;     .     .  Ideir. 

^  that  the  resistance  is  propor- 

^^  '  to  the  sooare  of  the  velocity,  we  have 

^:^  fllsQ  V,  *,  and  hence, 

»^  0)       1?*  sin.*  ^ 

T5-- 


COS.  ^ 
COS.  0 


or 


T£T7' 


.  which  we  have 


cos.  ^> 


2m 


2deg. 


wImw  m  a  Q  V  *. 

From  this  formnla,  as  indeed  from  com- 
■OB  sense,  it  appears  that  the  greater  the 
^aliie  cyf  Q  and  of  v  the  smaller  the  inclina- 
laoD  with  the  horizon.  The  rough  Atlantic 
MiUe,  when  the  ship  was  going  at  the  speed 
if  aix  knots  per  hour,  lay  at  an  angle  of  6} 
iig.,  so  that  the  inclined  plane  was  seven- 
Issn  miles  long,  and  each  foot  of  the  cable 
lode  nearly  three  hours  to  reach  the  bottom. 

The  strain  T  at  the  top  of  the  inclined 
plane,  if  there  were  no  friction  preventing 
tto  rope  from  slipping  back  along  the  plane, 
wimM  be  equal  to  the  weight  of  a  piece  of 
eable  kanffinff  plumb  from  the  surface  of  the 
water  to  die  bottom,  or 

T=wa;, 
where  (^  is  tke  weight  per  foot  run  of  the 
esbk  and  z  is  the  depth  in  feet. 

Boi  there  is  a  sensible  friction  which 
kelps  to  relieve  the  strain  precisely  as  when 
•  okain  is  lying  on  a  solid  inclined  plane  ; 
Iff,  the  co-efficient  of  friction  in 
I  per  foot  length  of  cable  at  the  velo- 


city V  in  feet  per  second,  and  assuming  that 
m  =  Q,  r*,  the  experiment  of  the  Atlantic 
cable  showed  that  Q,  =  .00504  (this  is  equi- 
valent to  .81  cwt.  per  knot  of  cable  when 
slack  is  paid  out  at  the  rate  of  one  knot  per 
hour).  The  result  is,  that  when  slack  is 
paid  out,  sav  at  the  rate  of  one  knot  per 
hour,  and  when  ^=  6.45  deg.,  the  strain  is 
diminished  by  one-half,  and  if  slack  were 
paid  out  at  the  rate  of  1.4  knot  per  hour,  or 
23^  per  cent,  this  particular  cable  would 
require  no  retarding  force  whatever. 

The  strain  T,,  when  the  velocity  of  the 
cable  is  17  J  J,,  can  be  found  from  the  follow- 
ing formula : 


T,  =  0)  X  —  w. 


(£ui — COS.  <t>y 


sin.  0 


2.  •  •  .8  deg. 


Cables  of  light  specific  gravity  have  a  small 
settling  velocity  and  lie  at  great  length  in 
the  water,  and,  if  they  are  also  rougn,  the 
co-efficient  Q,  may  easily  be  so  great  as  to 
relieve  the  brake  of  most  of  the  strain  which 
would  be  necessary  to  lay  a  cable  of  equal 
weight  but  small  bulk  and  smoother  surface, 
with  the  same  amount  of  slack.  If  no  slack 
were  laid,  there  would  be  little  di£ference 
between  the  tension  required  for  cables  of 
di£forent  construction  but  of  equal  weights 
in  water.  When  much  slack  is  laid,  all 
cables  will  be  considerably  less  strained 
than  if  laid  without  slack ;  and,  finally,  the 
faster  the  ship  goes  the  less  slack  is  required 
to  produce  any  given  amount  of  relief. 

The  correctness  of  the  above  theory  has 
been  amply  proved  in  practice.  If  in  seas 
2  miles  deep  the  cable  hung  in  a  catenary 
12}  miles  long,  the  weight  to  be  carried 
would  be  8^  tons,  and  the  strain  on  the 
cable  29  tons ;  while,  if  the  cable  hung  in 
a  catenary  the  inclination  of  which  to  the 
horizon  at  the  stern  was  9  deg.  30  min.,  the 
length  would  be  24  miles,  the  weight  17 
tons,  and  the  strain  102  tons  instead  of  about 
14  cwt. — the  strain  actually  observed  for  the 
Atlantic  cable  when  being  paid  out  at  7 
knots  per  hour  while  the  ship  was  going  at 
6  knots  per  hour.  The  rise  and  fall  of  tho 
ship,  even  in  heavy  weather,  very  slightly 
affects  the  strain  while  paying  out,  on  ac- 
count of  the  slight  inclination  of  the  cable 
to  the  horizon.  The  margin  of  strength  in 
deep  sea  cables  of  the  Atlantic  type  Lb  e?en 
greater  than  is  given  in  most  engineering 
works,  since  the  cable  will  bear  tenfold  the 
strain  which  is  found  necessary  in  laying. 
I     The  process  of  grappling  was  next  de- 


VAN  KOSTRAXD'S  ENGIXEERING  MAGAZIXIL 


goribed,  and  the  operation  illuAiraUsd,  by 
dragging  a  miniature  grapnel  over  the  fl<>or, 
ao  aa  to  hook  a  chain  lying  there.  When 
the  cable  i&  hooked,  the  strainB  of  the  grap- 
nel rope  are  simply  the  weights  of  the  bight 
lifted,  and  the  length  of  thia  bight  depends 
uu  the  slack.  Thus,  with  14  per  cent  of 
sljiek,  the  length  of  the  cable  lifted  will  he 
4  81)  times  the  depth  to  which  it  is  raised, 
Thn.1.  in  two  miles  of  water,  about  9*8  miles 
of  cable  will  be  lifted,  the  weight  on  the 
grapnel  will  be  6.8(i  tons,  but  the  strain  on 
the  cable  will  be  only  one  component  of  this 
weight  resolved  in  the  direction  of  the  tan- 
gent to  the  curve  at  the  grapnel ;  this  strain 
will  be  5.5  tons.  Thus,  it  is  clear,  that  in 
calm  weather,  with  14  per  cent  slack,  the 
cable  can  be  lifted  horn  a  depth  of  two  miles. 
This  was  actually  done  upon  one  occasion; 
but  owing  to  the  pitching  of  the  ship  the 
cable  parted,  and  we  succefsfuHy  recovered 
by  the  obvious  device  of  grappling  the  cable 
in  two  points  ubout  2^  knots  apart,  and 
breaking  the  cable  at  the  point  farthest  from 
land;  the  loose  end  then  hung  down  over 
the  other  grapnel,  and  it  is  obvious  that  by 
thin  pl;m  the  strain  on  any  cable  in  any 
depth  can  be  limited  to  the  simple  weight 
of  a  length  of  cable  bunging  from  the  sur- 
face to  the  bottom.  The  Atlantic  cables 
will  boar  five  times  the  strain  due  in  this 
manner  to  two  miles  of  depth,  and  for  this 
operation  the  margin  of  strength  is  also 
ample.  The  cable  is  ban  led  in  by  machinery 
very  similar  to  that  adopted  for  paying  out ; 
the  drum  being  simply  turned  in  the  oppo- 
site  direction  by  a  steam  engine,  if  only  a 
email  length  is  to  be  picked  up.  If  many 
miles  are  required^  the  cable  is  transferred 
to  the  bow^and  hauled  up  by  a  double  drum 
to  avoid  the  fleeting  necessity  on  a  single 
drum.  The  friction  on  the  water  during  the 
operation  adds  to  the  stnuri ;  Lbua,  with  the 
valve  of  Qi  previfmsly  found,  at  one  wjile 
per  hour,  the  friction  per  mile  would  be  .81 
owt.,  adding  in  a  depth  of  two  miles  1.01 
owt.  to  the  strain  due  to  the  simple  weight; 
besides  this,  there  is  some  resistance  due  to 
the  displacement  of  the  water,  by  the  bight 
of  the  rope  at  the  bottom,  and  some  cattra 
weight  due  to  the  fact,  that  the  cable  bangs 
in  a  catenary,  not  in  a  straight  line.  The 
Icsngth  of  this  catenary  depends  on  the  rate 
at  which  this  cable  is  hauled  through  the 
Water ;  but  even  after  allowing  for  alt  tlie8c 
things  the  stren;ith  of  the  cable  is  from  three 
to  four  tiuieM  ^rratcr  than  the  strain  which, 
in  fair  weather,  need    come  on    the   cable 


when  being  picked  ■{!  fnm  i  ieyoi 
mileff — amarginafstreiiflJiiioii 
adopted    even   in    pwM 
works. 

It  waa  by  eaJeolalaou  Gkt 
before  the  1^5  eabk  hmi  I 
1B66,  the  speaker  wm«  able  t#vni*M 
Times,"  of  Aogitsi,  1««5,  '*  If  tkT 
tain  its  strength,  as  it  firolftb^  v&l 
certainly  be  raised;'^  aikd  onrvf 
ence  has  confirmed  ikeory, 
justified  in  looking  forward  will 
fldenee  to  the  cooliDaed  prOMpfilf  rf 
tension  of  deep*sea  t«legrsplk|^*  iWl 
ing  tables  give  some  fnrtlkcr  m 
to  the  French  Atlantic  eaUe 
laid,  which  will  corer  fifly  acrairf  ] 
being  a  narrow  atrip,  3,501  kso 
a  little  more  than  an  incli  wide. 

TABMC    lit. 

Lengths  and  Weights  of  MmSfritb  i 
French  Atlanik  Cakk. 


Coppc^r  wire  . . , .<•«•».*  IMIA 

GuttA'porcba «•*.  S,a64 

Jntti  serviog .,•••«••... 

Homo,  wire .«,....,,  37 ,!£££        IfiA 

Iron  wire f  «^I 

Total  iron  and  homo,  wlroi  •••.  S7J<i% 
Manitlj*  fitrand^. ...,,,,,.,,, -.in*",!!''' 
Clark's  compound.... •*«•«*«. 

Ik'ep<f»es  cable ••••««•.. 

Shal low- water  cable •»..  XLl 

Total  cable ,..,,,  tfiAi 

TABLE    IV. 

Lengths  of  luting  Cslte. 

I 

Atlantic  (two)  ..•• ••„.-  ij« 

MaltM.  Alexundria  (two)  ....,..•,•, ^91 

PersUn  Gulf...., 1^ 

Homo  7»c*a!( ,•,.•*,••«,•..»«  CBT 

iX LseelUineoui^  (cipproxtmat^) •»..,..••  «•••••  MS 

Total  ,. *rW7 


THE  Mast  Hops  Disabteb.— X^arfy 
every  railway  disaster  ean  be  ttwtd  •• 
bad  or  worn-out  plant  and  maebioery*  Bid 
after  all  the  modern  refinenients  of  matfriali 
and  eonstruetion  have  been  applied,  thtfi 
come  to  U8,  about  twice  a  year,  lh«  gki«% 
details  of  a  wholenale  mnr-l'i'  ^'^  tK#  rerj 
refinement  of  stupidity*    A  -wiiek, 

the  abf^ence  of  a  (signal  K  uovi  ^  Mopf^ 
train,  running  into  a  drawbridge,  aii4«  «» 
limcjst  of  all,  colliding  with  a  trmtTi  mffomi 
to  be  on  a  siding ;  thi»  is  uian«la«5cHter,a»^ 
must  be  puni.shed  an  sueh.  No  hiilJrtl<i»* 
feets  in  uiateriaU  or  cooi^traetioii  t§M  «i* 
eus€  it. 
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EL-BASE  OF  RAILWAY  VEHICLES- 
SAFETY  OF  THE  AMERICAN  TRUCK. 

Altbough  the  practice  with  our  com m on 
■?*  •preiwl '' trxick  hae  been  remarkably  buo- 
*T^^^ful,  there  appears  to  be  sometbiDg  for 
"^^Klish  engiDeeri  to  saj  on  the  other  side 
^^*  rti^  qtiestioo^  for  iDslaDce^  the  foUowiug^ 
^  ^^1  a  eorrespondeot  of  '*Th6  Engineer/' 
,^J^}i  reference  to  an  article  on  railwaj  safety 
s  ^^  *^  'f®  ^ve  quoted  from  that  journal  on 
^^<itkr  page. 

^m  ^b  bogie  is,  in  &ct,  a  means  of  reducing 
^J^  f heel-base  without  reducing  the  length 
^^  <Sfirriage-bodj;  and  the  object  of  this  re- 


»iji 


of  wheel-base 
tc|(jity  of  the  axles 


IS  to  diminuh  that 
^,  -i^^uikj   VI  v«i*  ***!?£>  which  results  from 
^*f5ir  filed  parallelisin*     This  obliquity,  in 
^^  case  of  a  four-wheeled  truck  standing 
^'^totrallj  between  the  rails,  is  well  known  to 
^  directly  proportional   to    the    length  of 
'  ^iieel-baset  and  the  conclusion  appears  to 
Wre  been  jumped  at  that  the  shorter  the 
Wlkeel-ba^  the  less  the  obliquity.     But  the 
<!<lti#t<ieration seems  to  have  beeo  overlooked 
ullMi  ihia   obliquity  is  liable  to  an  increase 
the  turning  of  the   truck    about  the 
mgie-pln    until     the    diagonally    opposite 
|lik««U  tomeh  the  raihn  with  their  flanges, 
lad  tbat  the  angle  through  which  the  truck 
em  thus   torn  is  inverstly  proportioned  to 
h  wheet-baae.     It  is  true  that  while  this 
PiMreftaefl  the  obliquity  of  one  aile,  it  diiij- 
Ijjwhes    that    of   the    other;  but    this  is  no 
Abatement  of  the   damage,  since   it   h  tbe 
greatest  obliquity  of  af^y  axle  that  measures 
tbe  tendency  of  tbe  truck  to  leave  the  rails 
or  burst  the  track.     And  this  turning  of  the 
tni£k   about   the   bogie^pin,  if    it   be    not 
brought  about  by  chance  oscillations,  pro- 
ducing the  wriggling  or  "wobbling"  which 
yau  describe,  is  certain  to  be  pushed  to  its 
tilreni«  limit  in  one  direct ioui  during  the 
flMMe  of  curves,  by  the  action  of  a  couple 
ftsahing  from   the  rosiBtance  of  the  wheels 
0  being  ifUpped  or  skidded  as  they  must  be 
to  eomponsato  for   the   inequality  of   their 
pAtlis.  Now  in  English  stock  coupled  tightly 
(ogtlher,  not  only  are  the  chance  osciilations 
ebooked  and  absorbed  by  opposing  the  ma^s 
of  ooa  oftniag^  to  the  impetus  of  its  neigh- 
bofi  bal  the  couple  abo?o   referred   to   is 
ivati^lsed  by  the  action  of  the  same  couple 
b  the  nezl  carriage;  while    the  American 
bogie,  free  of  all  ruetraints,  is  left  to  wriggle 
u3  wobble  at  its  own  sweet  will. 

LeaTing  thia  out  of  account,  however,  and 
foundering  that  the  possible  angle  of  obli- 


quity of  the  leading  axle  is*  as  above  stated, 
the  sum  of  two  angles,  of  which  one  is 
directly  and  the  other  indirectly  proportional 
to  the  length  of  wheel-base,  it  is  clear  that  a 
truck  may  have  too  short  as  well  as  too  long 
a  wheel-base  for  the  safe  transit  of  a  given  hit 
of  road,  and  that  Mere  u  a  length  of  wheel* 
bas€  which  tviU  give  a  lesn  obliquity  of  axh 
than  any  Giker,  shorter  or  longer.  The  de- 
termination of  this  length  and  the  calcula- 
tion of  the  angle  of  obliquity  for  any  given 
case  is  a  simple  matter;  and  it  will  be  easy 
to  demonstrate  that  there  are  circumstances 
of  common  occurrence  under  which  an  ordi- 
nary English  carriage  will  traverse  a  sharp 
curve  with  less  obliquity  of  axle  than  an 
American  bogie. 

Thus,  the  sine  of  the  angle  of  obliquity 

caused  by  paTaUelism  of  axles  is  =  ;=;,  Z 

being  the  length  of  wheel-base  and  r  tho 
radius  of  curve ;  and  as  the  angles  will  in 
any  case  be  small,  we  may  say  that  this  is 
approximately  =  the  circular  measure  of 
the  angle.  The  circular  measure  of  the 
angle  through  which  the  truck  oan  turn  in 

either  direction   is  approximately  =  -p,  $ 

being  the  play  of  the  flanges,  i.  e.,  gauge  of 

raib  minus  gauge  of  wheels  outside  Ganges* 

Thus  the  obliquity  of  axlo  =  ~-  -|-  - — . 

And  the  length  which  will  give  the  smal- 
lest angle  of  obliquity  is  ^  ^2rB 

Now  let  us  take  a  10-chain  curve  for  ex- 
ample; and  as  the  gauge  is  sure  to  be  widened 
on  such  a  curve,  and  we  have  to  take  the 
uTorst  case^  it  will  not  be  too  much  to  assume 
that  5  may  be  =  1  in.  Then  using  the  above 
formnljB,  we  find  that  the  best  length  of 
wheel-base,  or  that  which  gives  the  least 
obliquity  of  axle  in  thi^  ease  is  about  10  ft. 
6  in.  (an  ordinary  English  carriage),  while 
an  Amtirwan  botji^.  of  6  ft  wheef-hase  xmuld 
acluaily  presfmt  ita  leading  arl^  al  as  great 
an  angle  of  obtiquiti/as  a  varriage  with  22  ft, 
whf.eNy€Lmt.  On  flatter  curves,  Bupposinj»  tho 
play  to  remain  the  same,  the  disadvantage 
of  the  short  wheel-base  is  even  more  ap- 
parent. 

Tlie  conclusion  to  which  wo  are  driven, 
then,  is  that  though  on  sharp  curves  a  long 
wheel-bai^e  is  dangerous,  yet  the  difficulty  b 
not  to  he  obviated  by  shortening  it,  because 
of  the  unsteadiness  thereby  induced ;  and 
tho  only  satisfactory  solution  of  the  problem 
will  he  by  some  simple  arrangement  by 
which  the  wheel-base  may  be  maintained  of 
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any   desired  Icri^tb,  and   the   axles    trulj 

radiated  to  the  curve. 

VELOCffEDE& 

From  «' GDgineeriDgJ' 
We  have  for  a  long  time  excluded  the 
subject  of  velocipedes,  q»  one  of  diminutive 
carriage  building,  from  the  pages  of  **  Engi- 
neering ";  but  they  have  in  the  mean  time 
become  articles  of  extensive  manufacture 
by  large  and  long  established  firms  of  me- 
chanical eugineerd,  railway  carriage  build- 
ers, and  others.  In  Birmingham,  for  exam-  j 
pie,  at  least  three  eminent  firms  are  engaged 
in  making,  by  scores,  if  not  by  hundreds, 
what,  a  year  or  two  ago,  were  thought  to  be 
little  better  worthy  the  attention  of  engi- 
neers than  Bath  chairs  or  perambulators. 
The  principal  of  a  velocipede — and  with  all 
their  alleged  differenccH  velocipedes  arc 
much  alike — is  a  little  paradoxical  to  those 
who  couiiider  it  for  the  first  time.  How  is 
it  that  they  can  stand  upright  on  two  wheels 
only,  one  trailing  behind  the  other?  And 
how  is  it  that  the  rider  can  accomplish  fifty 
miles  as  easily,  if  not  easier,  than  eight  or 
ten  miles  of  walking  ?  As  to  the  first  ques- 
tion, the  principle  is  the  same  as  that  which 
keeps  a  boy's  hoop  upright  as  long  as  it  is 
kept  in  rotation,  the  tendonoy  of  all  revolv- 
ing bodies  to  continue  in  revolution  in  the 
same  phine  as  that  in  which  they  were  first 
made  to  revolve.  With  internal  propelling 
mechanism,  a  velocipede  might  run  by  itself, 
the  rider,  who  once  puts  it  into  motion,  has 
only  to  preserve  his  own  balance,  and  not 
that  of  the  machine  per  se,  which,  once 
equilibrated  on  both  sides  when  at  rest,  will 
take  care  of  itself  when  in  motion. 

As  to  the  reason  why  there  ia  less  fatigue 
in  working  a  velocipede  than  in  walking,  a 
little  examination  is  necessary.  Whatever 
the  weight  of  the  velocipede  and  rider,  it  is 
a  rolling  weight  only,  and  the  resistance  to 
rolling,  at,  say»  ten  miles  an  hour,  will  not 
much  exceed  one-fortieth  of  the  weight 
when  this  is  moved  over  a  smooth,  level 
road.  Taking  the  total  weight  as  *210  lbs., 
Oft  say,  15  stone,  the  rolling  resistance 
would  be  but  5^  lbs.,  and  as  a  muscular  man 
can  easily,  for  an  hour  or  more,  and  under 
the  exhilarating  influence  of  a  race,  vvork 
Up  to  at  lea^t  4,620  foot-pounds  per  minute, 
this  would  correspond  to  an  advance  of  8H0 
ft.  per  minute,  or  ten  miles  an  hour.  The 
late  Mr.  Glynn's  work  on  cranes  quotes  in- 
Ajnrv'«  of  ttuiuch  greater  exertion  of  human 
I    fur  short  intervals,  in  some  eauos 


u^ 


nearly  30,000   foot-pounds    per  niiiuik,m 
much  above  the  average  power  eierW  I 
an  ordinary  horse,  and  neni 
standard  horse  power  of  th. 
writer  himself,  weighing'  1^' 
raced    up   a  circular    st^ir 
steps,  and  rising  32  ft.  0  m.,  in  thir 
onds.     Were   this  rate  continued  (dq|1 
he  could  so  long  continue  it)  for  even  ii 
ute,  it  would  correspond  to  the  eierttqa I 
27,000  foot*pounds  in  that  time.     On 
of  this  work,  or  4,500  foot-pounds  peri 
might,  probably,  be  continued  for  a  i 
erable  time,  and  this  would  canj  kin  i 
his  velocipede  at  nine  or  ten  milea  i 
on  a  good  level  road.     The  forc^e  w«>idll 
exerted  in  the  latter  as  in  the  fi>rtui'f  i 
by  the  great  extensor  mascled  of  lh« 
the  weight  of  the  body  befng  whuUji 
on  the  velocipede,  inatead  af  betog  lUUd| 
on  the  staircase. 

In  walking,  muscular  strr 
in  alternately  lifting,  by  i^;  ..  lUi  ! 

low  leg,  and  the  weight  of  the  wh**ic 
above  both  legs,  through  a  distanec,  at  i 
step,  corresponding  (were  there  no  **  ^iriig'' 
to  the  feet)  to  the  rise  of  the  arc  dciqiW 
by  the  body  in   swinging    over   tithm  hf 
upon  a  fixecl  unyielding  fulcrum  at  tlieM» 
The  beautiful  mechanism  of  thi*  foo4^  of  If* 
self,  takes  off  a  good   part  of  this  lilt.  M 
neither  the  head  nor  any  portion  of  th«  im^f 
advances    in  a   truly  horisoutal    liji«  wkm 
walking,  this  being  the  oas€  only  in  mi^l 
along  a  level  plane.     Thtjre   is,  loo,  tkt  if- 
regularity  of  advance  of  the  ImkIt,  wHWfc  ii 
accelerated  and  retarded  at  each 
time   to  "change  legs,'*  and    li 
power  expended  in  moving   the  Jpg»  tixai- 
selves,  considered  as  weights,  to  be  tUiffti 
and  started  at  every  step.      In  this  way,  Id- 
gether  with  the   strain    imposed  of"*n  il* 
muscles  of  the   legs*  in  the    mere 
support  of  the  body,  as  much  f '^ 
be  occasioned  in  an   hour's  w 
miles  as  in  a  spin  on  a  velocipeue  *i  \^^» 
or  four  times  the  speed. 

And  the  bicyclical  contrivances  afpflir  ii 
possess  a  commercial  value  in  tht;ir  itif.  M 
any  rate  we  hear  of  a  firm  of  meeWBifal 
cnginocrg  who  assert  that  thoy  navi  4ilL 
weekly  on  an  average,  ia  cab  farea,  BiiMi 
gers,  &e.,  by  retaining  a  sharp  Trloeipfd«»» 
trian  as  a  means  of  comnnr  .  twwa 

their  two  establishmtmU  Vilf  \ 

mile  apart,  a  private    ; 

vailable  for  the   tran&ii-.^-.v •.* •  . 

parcels,  samples,  daily  aocoontii,  «lr. 
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TRANSMirnNG  POWER  BY  ROPES. 

'•Baiting Faeta and  Figarea,"  by  J.  H.  Cooper, 
ia  Ike  <<  Jomrnal  of  the  Franklin  Inatitute." 

Among  the  more  recent  improvcineuts  id 

m  wmj  of  transmitting  power  for  long  dist- 

ifl  the  snbstitntion  of  belts  by  end- 

I  wire  ropes,  rnnning  at  a  high  speed ;  their 

bids  &ir  to  add  immensely  to  our  manu- 

_  facilities.     The  distance  to  which 

ri  am  thns  transfer  power  ranges  from  75 
to  4  miles.   Just  where  the  belt  becomes 
~  to  long  for  economy,  there  the  rope  steps 
^  Ik     In  place  of  a  flat  faced  pulley,  a  nar- 
^  iMr  flheaye  with  a  deep  flaring  groove  is 
:  md,  the  groove  being  filled  out,  or  lined 
-  nllier,  with  leather,  oakum,  india  rubber, 
-  IT  Bome  other  soft  substance,  to  save  the 
fope.      The   essential    points   arc   a   largo 
iMOTe,  running  at  a  considerable  velocity, 
and  a  l^ht  rope.     When  the  distance  ex- 
•eedfl   400  ft.,  a  double   grooved  wheel  is 
wed,  and  a  second  endless  rope  transmits 
tihe  power  400  ft.  further,  and  so  on  indefin- 
itely.    The  loss  by  friction  is  about  8  per 
oent  per  mile.     A  few  examples  may  prove 
of  interest,  and  give  information. 

It  IB  required  to  transmit  300  horse-power 
hf  means  of  a  wire  rope.  A  wheel  14^  ft. 
diameter,  making  108  revolutions  per  min., 
is  sufficient ;  the  rope  running  at  a  rate  of 
4,920  a,  per  minute — size  of  rope  required, 
one  inch  diameter.  The  distance  has  noth- 
ing to  do  with  it.  Again :  '*  It  is  desired 
to  transmit  for  any  distance  as  much  power 
as  A  12  in.  belt  will  give."  Assuming  that 
the  belt  travels  in  the  neighborhood  of  1,300 
ft.  per  minute,  it  is  about  equivalent  to  20 
korse-power,  and  a  grooved  sheave  of  7  ft. 
diameter,  running  100  revolutions  per  min., 
with  a  i  in.  rope,  will  be  the  proportions 
required.  Again,  a  4  ft.  wheel,  running  100 
revolutions  per  minute,  with  a  |  in.  rope, 
will  oonvey  from  4  to  5  horse-power.  The 
east  of  the  rope  is  always  the  smallest  item, 
amounting  to  a  few  cents  per  foot,  and  not 
one-tenth  the  cost  of  an  equivalent  amount 
of  belting.  One  is  thus  enabled,  at  a  small 
expense,  to  transmit  power  in  any  direction; 
for  instance,  to  a  building  lying  remote  from 
the  main  factory  buildings,  where  it  is  not 
worth  while  to  put  up  a  separate  engine. 
Aoross  rivers,  creeks,  canals,  streets,  over 
the  tops  of  houses,  under  water,  from  cellar 
to  roof,  etc. 

Frequently  an  excellent  site  for  water 
power  remains  unimproved  for  want  of  suit- 
able  building  sites   in   the    neighborhood. 

Vol.  I.— No.  8.— 40. 


The  water  may  be  conveyed  down  stream  by 
means  of  expensive  canals  and  flumes;  but 
by  a  wire  rope  transmission  we  can  transfer 
it  in  any  direction,  either  up  stream,  across 
it,  or  sidewise,  up  and  down  grades  of  one 
in  eight — in  fact,  anywhere.  *'  In  many  sec- 
tions of  our  country  coal  is  dear  and  water 
power  plenty,  but  not  improved,  for  reasons 
which  may  be  set  aside  by  the  above  method. 
In  Europe  over  a  thousand  factories  are 
driven  in  that  way.*' — The  Manufacturer 
and  Builder,  Feb.  '69,  p.  38. 

In  a  paper  by  Mr.  John  Kamsbottom,  in 
*'  Newton's  Journal,"  vol.  XXI,  p.  46,  on 
traversing  cranes  at  Crewe  Locomotive 
Works,  dated  January  28,  1864,  mention  is 
made  of  the  means  by  which  pow.er  is  com- 
municated from  the  shop  lines  of  shafting  to 
the  gear  of  the  cranes.  It  consists  of  a  § 
in.  diameter  soft,  white  cotton  cord,  weigh- 
ing about  1^  ounces  to  the  foot,  running  at 
the  rate  of  5,000  ft.  per  minute,  in  a  line 
with  the  longitudinal  motion  of  the  crane, 
above  the  same  and  over  a  4  ft.  diam.  tight- 
ener sheave.  This  sheave  is  weighed  so  as  to 
put  a  tension  on  each  strand  of  the  cord  of 
108  pounds,  which  is  found  to  be  the  best 
working  strain  for  keeping  the  rope  steady, 
and  giving  the  required  *'  hold "  on  the 
main  driving  pulley.  The  cranes  have  a 
span  of  40  ft.  7  in.,  a  longitudinal  traverse 
of  270  ft.,  and  the  rails  are  16  ft.  above  the 
floor.  The  cord  is  supported  every  12  or 
14  ft.  by  cast  iron  fixed  slippers  of  plain 
cross  section,  Ig  in.  wide,  with  side  flanges. 
These  slippers  are  placed  1^  in.  below  the 
working  line  of  the  driving  side  of  the  cord, 
so  as  to  allow  the  driving  wheels  on  the 
traverser  to  pass  them ;  they  are  not  oiled, 
and  the  friction  of  the  cord  in  them  amounts 
to  two-fifths  of  the  working  load. 

Motion  is  communicated  to  the  gear  of 
the  crane  by  pressing  the  cord  into  grooved 
cast  iron  pulleys.  The  grooves  in  the  driv- 
ing pulleys  are  V  shaped,  at  an  angle  of  30**, 
and  the  cord  does  not  touch  bottom ;  the 
guide  pulleys  have  circular  grooves,  same 
diameter  as  the  cord,  and  the  pressure  pul- 
leys have  a  circular  groove  of  larger  dia- 
meter than  the  cord.  The  driving  pul- 
leys have  a  diameter  equal  to  thirty  times 
the  diameter  of  the  rope.  Guards  are  put 
on  the  pulleys  to  keep  the  ropes  in.  The 
driving  power  of  the  cord  to  lift  25  tons  is 
only  1 8  pounds,  irrespective  of  friction, 
which  is  a  ratio  of  3111:1.  Light  loads 
are  about  800:  1.  In  the  gib  cranes,  driven 
by  similar  means,  the  ratio  is  1000 : 1  when 


liftbg  4  tons  at  the  rate  of  5  ft.  IJ  in-  per 
ininuto.  The  actual  power  recjuired  to  lift 
9  tons,  besides  the  enatoh  block  and  chain, 
harS  been  fotind  to  he  17  poundhi  at  the  cir- 
cumference of  the  driving  pulley*  The  crab, 
when  unloaded,  requires  1|  pounds  to  over- 
come its  friction.  The  cords  are  soon  re- 
duced to  ^^  in.  diameter,  and  last  about 
eight  months  at  constant  work.  In  an  over- 
head traverser,  used  in  the  boHer  shop,  lift- 
ing six  tons,  three  years  in  use,  a  |  in.  cord 
was  employed,  but  was  afterwards  changed 
for  a  cord  ^  in.  in  diameter.  The  lieht 
driving  cord  is  the  only  plan  compatible 
with  high  speeds;  a  heavy  chain,  belt  or 
cord,  would  aoon  wear  out  and  break  by  its 
own  weight. 

THE  CEilTRAL  IIAIL 

From  **The  Enginoer,'' 

The  really  successful  thing,  and  perhaps 
the  only  complete  success,  on  the  M»int  Ceuis 
Bail  way  is  the  central  raiL  Without  even 
stating  that  the  central  rail  is  absolutely  re- 
quired, if  we  mert'ly  consider  the  tractive 
force  required  on  the  51  out  Cenin^  it  .seems 
to  us  to  be  the  most  impcirtant  inuovatiou  in 
locomotive  work  that  han  been  made  during 
the  last  twenty  years.  It  is  the  only  means 
yet  discovered  of  ohtaining  adhesion  without 
increasing  weight,  or  without  that  adhesion 
b^ing  dependent  on  weight  for  its  existence. 
Apart  from  the  plan  of  applying  powerful 
electro- magnet 8  to  the  wheels,  which  has  not 
been  found  to  answer,  though  tried  more  than 
once  ;  and  the  fixed  rope  scheme  of  Mr. 
David  Greig — avowedly  only  a  substitution 
for  the  central  rail — the  central  rail  consti- 
tutes the  only  system  yet  conceived  for  work- 
r  ing  a  locomotive  independently  of  the  adhesion 
obtained  by  its  weight.  It  Is  remarkable 
how  difficult  locomotive  engineers,  even  of 
great  ability,  find  it  to  disconnect  in  their 
minds  great  tractive  power  with  the  rail- 
adhesion  produeed  hy  the  actual  weight  of 
the  engine  bearing  on  the  driving  and  coup- 
led wheels.  With  ourselves  it  has  always 
seemed  a  mechanical  absurdity  to  provide 
Weight  in  order  to  get  the  power  to  lift  it 
up  and  carry  it  along.  With  all  the  wheels 
coupled  together  the  maximum  obtainable 
adhesion  is  obtained  ;  but  there  is  prac  tic  silly 
no  limit  to  the  amount  to  which  the  horizontal 
wheels  in  the  Fell  engine  can  be  brought 
to  clip  the  central  raiL  The  central  rail 
agam  offers  a  comparatively  immense  amfuint 
of  security  against  running  off  the  line,  and 


an  admirably    speedy    and  nafc 

braking  the  train  on  a  de^ 

when    looking  down    the    i 

by  the  Fell  trains,  without  iUe  kbuwU^f 

the  u.se  of  the  centnikl  rail  we  should  i 

ly  have  felt  unconcerned  and  ecmfa 

The  force  of  the  wind  also  on  thea 

passes  is  sometiuos  so   treiuetidat»  tW  tk ' 

extra  protection    and    hold    afforded  hj  4 

central  rail  is  an  abiiolutt;  neiMsvEiiitj. 

Working  with  a  central  r  ' ' 
once  been  proposed  during  1 1 
but  iu  great  improvements^  uv 
man,  but  also  the  hour,  mu.-«t  ci  : 
Vignolcs  and  Ericsson  pat- 
central  rail  with  very  diff* : 
views  to  Fell,  and  certainly  tiv 
tent  ion  of  getting  an  engine  ai 
such  sharp  curves  and  steep  inclmesiiuf 
on  the  Mont  Cenis.  An  AmeHcan  aactftctTt 
however,  not  merely  patented  the  pUa  a 
England,  hut  actually  carrii^d  it  mn  IW  • 
short  time  in  America,  though  hitafWrwAi 
dropped  it,  proving  that  he  hAd  nottbikht^ 
in  the  plan  which  he  might  have  had  tf  bt 
had  fully  understood  its  imi^K>rtaooe* 

It  would  not  be  fair  to  coinp»rc  the  etnliil 
rail    with  schemes  which    ^  ^r 

tried.     The  heavy  Engcrtl,  -  n 

iSemmering  have  scarcely  Uv^u  <i  tfucetft, 
either  in  themselves  or  in  t he Lr  e fleet j  na  tk 
permanent  way.  What  is  the  ri^alt  eir*nt 
of  the  very  best  practice  lU  iht  Itij-nlc* 
when  seeking  to  obtain  greater  ;  di 

ac  tual  we  igh  t  ?     O  n  th  e  M  ti  t r t  ^  j .xj* 

way,  engines  weighing  about  fortytwu  tifli 
have  to  be  employed  to  draw  trains  wei^hii^ 
about  eighty  tons.  In  this  there  $^tniA  in 
he   a  sort   of   mechanical    couU    ■!  .if 

terms.     Mr.  Feira  engines  ha \  ad 

by  Mr.  Brunlees  to  weigh  only  ^.a 

and  putting  twenty-four  tons  pi  i»« 

horizontal    wheels,    plus  the  ^  iic 

engine  itself,  the  co-efficient  ot   .  <«f 

one-fifth  gives  a  total  adhesion  of  ooe-liilf 
the  weight  of  the  engine.  It  roust  bUo  U 
homo  in  mind  that  when  people  tpeikflf 
getting  on  an  ordinary  lino  of  rail  as  ad&t^ 
si  on  of  one-fifth,  or  oven  more,  of  tb9  loa^ 
they  tacitly  assume  the  raib  to 
condition.  With  rails  in  bad  < 
believed  by  engineers  of  the  hie 
ing  that  whatever  may  be  the  ^* 
engine,  the  wheels  are  lial >! 
is  also  special  reason  on  tl 
from  other  causes,  an  extra  Amouut  ul  4*lli<- 
si  on  is  required.  It  appt^am  thai  oa  l^i 
Mont  CoQis  a  fine  dust  f»f  a  moit  lahrieiti^ 


i  ii 
n 


2di 


VAN  NOSTRAND'S  ENGINEERING  BIAGAZINB. 


691 


ifl  blown  down  npon  the  rails  in  dry 
r  weather.  This  is  the  dust  of  the 
»e  rock  of  which  the  road — which  is 
irtlj  used  for  ordinary  traffic — is 
1,  and  when  wetted  besides,  the  rails 
oetimes  in  a  worse  conditioo  for  ad- 
than  from  the  snow  in  winter. 

not  perhaps  impossible  that  such 
loads  as  those  now  taken  up  Mont 
could  be  taken  without  the  central 
nd  certainly  this  might  be  done  if 
3  were  straighter — but  whether  with 
h  safety  is  another  and  a  very  di£fer- 
istion.  Suppose,  then,  we  assume  it 
ved  that  the  adhesion  produced  by 

alone  would  carry  a  reipuneratiye 
>  a  gradient  of  1  iu  10  or  12,  how 
)a8sing  such  sharp  curves  as  there  are 
Mont  Cenis  ?     In  the  first  place,  the 

rail  diminishes  the  friction  in  pass- 
ind  very  sharp  curves  ;  and  the  wonder 

witnessed  on  the  Mont  Cenis  that 
iurves  are  passed  more  easily  than  the 
t  line  in  an  ordinary  line,  the  resist- 
)  traction  on  a  curve  of  only  400  ft. 
has  been  estimated  as  double  the  re- 
e  on  a  straight  line  on  a  level.  And 
las  been  no  instance  of  an  engine  run- 
s' this  line — no  small  advantage  with 
ipice  on  one  side  of  you  thoilsands 
deep. 

M;t,  the  wonder  in  passing  the  Mont 
B  not  so  much  at  the  tractive  power 
engine — as  the  load  is  but  slight — 
3  ease  with  which  the  train  winds  its 
7er  a  serpentine  road,  passing  over 
of  little  more  than  five  or  ten  chains 
The  horizontal  gripping  wheels  of 
gine,  and  the  horizontal  guide-wheels 
carriages,  keep  the  train  true  on  the 
ind  prevent  much  of  the  usual  pre- 
kl  action  from  coming  into  play.  Just 
adhesion  is  practically  unlimited,  so 
brake  power  in  descending  the  steep 
nts.  On  such  a  difficult  line  as  an 
)  line — whereon,  in  winter,  guards 
0  be  placed  to  warn  as  to  descending 
ches — the  ease  whereby  a  train  can 
pped  is  of  the  greatest  necessity.  We 
that  very  few  disinterested  people  can 
)o  any  other  conclusion  than  that,  on 
Has,  with  such  complicated  conditions, 
Qg  80  much  from  our  own,  the  central 
^stem  is  the  only  one  to  be  depended 
*or  tractive  and  brake  power,  flexibility 
the  curves,  safety  to  life,  and  practica- 
leapness.  It  seems  to  us  not  impos- 
hat  we  should  have  an  approach  to 


perfection  in  a  sort  of  combination  of  the 
engines  advocated  by  M.  Thouvenot  and  Mr. 
Fairlie  with  the  central  rail.  Of  these  two 
tank-engines,  placed  back  to  back — ^united 
as  to  their  fire-boxes  and  boilers — one  pair 
of  cylinders  could  work  the  four  coupled 
wheels  of  one  bogie-frame  in  the  ordinary 
way,  and  the  other  pair  could  be  set  to  work 
the  gripping  wheels  on  Fell's  plan  on  the 
second  frame.  With  such  a  combination 
there  need  scarcely  be  a  single  piece  of  gear 
more  than  if  only  vertical  driving  wheels 
were  used. 


GOODS  Engines  fob  Steep  Inclines. 
— The  Paris,  Lyons  and  Mediterranean 
Railway  Company  will  work  the  steep  in- 
clines of  the  new  branches  now  in  progress 
with  eight  coupled  engines  of  a  new  pattern. 
Twelve  engines  of  this  system  are  being 
manufactured  at  the  Gra£fenstaden  Works, 
at  the  price  of  £52  8s.  8d.  per  ton,  but  the 
working  drawings  were  prepared  in  the 
offices  and  by  the  engineers  of  the  company. 
These  engines  have  fire  boxes  overhaoffing 
the  rear  drivers,  and  outside  cylinders. 
The  valve  gear  is  also  outside,  the  eccen- 
trics being  supported  by  an  overhang  to  the 
end  of  the  crank  pin  of  the  driving  axle. 
The  frames  are  curved  transversely  to  clear 
the  fire  box,  which  is  of  unusual  width. 
The  curved  part  of  the  frame  is  strength- 
ened by  a  strong  wrought  iron  bracket,  a 
contrivance  which  has  been  used  with  much 
success  by  the  Eastern  Railway.  The  first 
and  fourth  axle  have  an  end  play  of  1  in.  in 
the  brasses,  and  spherical  crank  pins  for  the 
coupling  rods,  enabling  the  engines  to  pass 
easily  round  curves  720  ft.  radius ;  all  the 
wheels  are,  of  course,  flanged.  The  engine 
is  suspended  by  eight  springs  and  four  com- 
pensating beams.  The  boiler  is  fed  by  a 
single  injector,  connected  through  two  india 
rubber  pipes  to  a  tender,  which  has  nothing 
worth  noticing,  and  weighs  about  twenty 
tons  in  working  order.  The  engines,  as 
well  as  all  the  other  engines  of  the  company, 
are  fitted  with  the  Lechatelier  reversing  ar- 
rangement, and  Thierry's  smoke-consuming 
apparatus.  The  following  dimensions  of 
the  most  important  parts  of  these  engines 
are  from  **  The  Engineer.'* 

Fire  grate, 

ft.      in. 

Length 5       1 

Width 4       b\ 

iSurfaco  in  square  feet 12^ 
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Ifuide  fire  box. 


ft. 


Height  next  the  tube  plate 5 

Height  next  the  door 5 

Inside  width  at  the  top  ...••..  4 

Inside  width  at  the  bottom  ....  4 

Inside  length  at  the  top 4 

Inside  length  at  the  bottom  ....  5 

ThickneMM  of  fire  boxj  copper. 

Door  plate 

Side  plate 

Top  of  tube  plate 

Bottom  of  tube  plate 

Tubet. 

Number 244 

Outside  diameter 

Length 17 

Heating  surface  of  fire  box  (sq. 

\r   feet) 106 

Heating  surface  of  tubes  in  sq. 

feet 2,132 

Total  heating  surface  in  sq.  ft.,  2,238 

Outside  fire  box. 

Length  at  the  top 5 

Length  at  the  bottom 5 

Width 5 

Thickness 

Boiler. 
Diam.  outside  of  smallest  plate . . 

Length 

Thickness 

Height  of  the  center  above  the 

rail 

Steam  pressure 125  lbs. 

Diameter  of  each  safety  valve  . . 

Chimney. 

Diameter 1 

Height  above  the  rail 14 

Frames. 

Inside  distance  at  the  front  ....  3 

Inside  distance  at  the  back  •  •  •  •  5 

Thickness 

Total  length  of  the  engine 32 

WheeU. 

Diameter 4 

Distance  of  axles 4 

Total  wheel  base 13 

Mucellaneout. 

3d  axle 

1st,  2d  and  4th 

Length  of  journals 

Diameter  of  cylinders 1 

Stroke 2 

Length  of  connecting  rods 8 

Distanee  between  centers  of  the 

'mders 6 

of  advance  of  eccentrics,  35 


4 
17 


6 


in. 


if 
11 

3 


H 

H 


11* 

2 

n 
^* 

8 

J* 
10 

n 


13? 
deg. 


ft  in. 

Throw  of  eccentrics ^ 

Stroke  of  slide  valve  in  full  gear  ^ 

Inside  lap  of  slide  valves -J^ 

Outside  lap  of  slide  valvo 1^ 

Average  admission  in  full  gear. .  \ 
Length   of    steam   and    exhaust 

ports 1  H 

Width  of  steam  ports 1| 

Width  of  exhaust  ports ^ 

Number  of  spring  plates 11  0 

Width ^ 

Thickness \ 

Length 2  10 

Camber   %{ 

Distance  of  center  of  gravity  in 

front  of  3d  axle 2  ^ 

Total  weight  of  engine  empty  .  •  43  tons. 

Distribution  of  weight  in  working  order. 

tool.  nrt. 

1st  axle 12     0 

2d  axle 12     0 

3daxle    12    18 

4thaxle 12   18 


Totol  weight. 


49     6 


These  engines  are  especially  designed  for 
working  steep  inclines  at  very  small  speed. 
A  single  engine  will  easily  take,  at  ten  miles 
an  hour,  a  200-ton  train  up  an  incline  of  1 
in  40,  or  better,  two  engines,  one  at  the 
front  and  the  other  behind,  will  work  a  400- 
ton  train.  With  so  small  a  speed  the  OTe^ 
hang  of  the  fire  box  and  the  end  play  of  the 
leading  and  trailing  axle  are  without  anj 
practical  inconvenience.  The  company  do 
not  intend,  of  course,  to  work  their  miin 
lines  with  these  engines,  where  the  speed  is 
much  greater,  and  where  the  six-conpled 
engines  now  in  use  are  quite  sufficient. 


BRITISH  Heavy  Guns. — In  a  recent  ir- 
tide,  the  London  "Times"  drew  it- 
tention  to  the  comparative  trials  for  endoranee 
of  9-in.  guns  now  in  progress  at  Woolwidt 
It  was  stated  that  one  pattern  of  the  Wool- 
wich coiled  wrought-iron  gun  had  endured 
400  rounds  with  ordinary  service  charge?  of 
30  lb.  English  large-grain  cannon  powder, 
and  714  rounds  with  battering  charges  of  43 
lb. ;  in  all,  1114  rounds — a  test  far  beyond 
anything  that  such  a  gun  could  probably  be 
called  upon  to  resist  even  during  a  great  wir. 
The  gun  remains  perfectly  serviceable.  Tbe 
gun  and  its  ammunition  were  calculated  for 
each  other,  regard  being  had  both  to  power, 
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ce,  weight,  and  cost ;  and  that  there 
no  mistake  as  to  the  powers  of  the 
;h  9-in.  gun,  with  battering  charges 
>.,  we  give  the  maximum  penetrations 
ic  guu  is  capable  of  effecting,  as  laid 
f  the  Committee  on  Fortifications : 
th  40  ft.,  into  concrete  12  ft.,  into 
rk  12  ft.,  into  rubble  masonry  8  ft., 
isive  granite  2  ft.  (but  with  fractur- 
iisintegrating  effect  to  a  much  greater 
and  over  a  considerable  area),  into 
;ing  11  in.  Well-trained  gun  detach- 
an,  if  the  circumstances  are  not  un- 
e,  load,  aim,  and  fire  the  9-in.  gun 
ite  of  one  round  per  minute,  so  that 
n  battery  could  deliver  a  shot  or  shell 
led  every  10  seconds, 
lifference  between  the  second  or  or- 
lattern  of  the  Woolwich  gun  and  its 
isor  under  trial  consists  in  certain 
>f  construction.  The  first  trial  gun 
eel  tube  only  2  in.  thick,  the  second 
ube.  In  the  first  the  coils  intended 
the  breech  of  the  gun  were  made  up 
nasses,  so  that  the  breech  consisted 
ayers  of  wrought  iron  over  a  thin 
30.  In  the  second  the  whole  of  the 
iron  covering  the  breech  of  the  tube 
tt  previously  welded  up  into  one  mass, 
the  breech  consisted  of  one  layer  of 
soils  over  a  thick  steel  tube.  The 
&s  been  in  favor  of  the  gun  with  less 
d  more  iron  disposed  in  two  layers, 
[durance  of  both  pieces  has  been 
ly  satisfactory. 

econd  gun  has  fired  400  rounds  with 
larges,  and  649  with  43  lb.  charges — 
ounds  in  all.  During  the  firing  of 
charges  of  30  lbs.  and  during  207  of 
lb.  charges,  the  vent  was  in  rear  of 
kl  place.  The  last  442  rounds  with 
irere  fired  through  a  vent  in  the  or- 
ervicc  position,  which  is  more  severe 
i  gun.  The  piece  is  now  unservice- 
it  became  so  by  a  most  gradual 
n\y  watched  process.  About  200 
t>efore  the  end  of  the  trial  a  flaw  was 
I  in  the  steel  tube.  It  developed 
y,  though  the  steel  barrel  is  tightly 
by  the  wrought-iron  exterior,  up  to 
^nd  round,  when  gas  was  discovered 
J  from  the  indicator  hole — ^a  small 
x>red  in  all  our  heavy  guns  to  give 
'hen  a  steel  tube  is  cracked  through, 
of  was  continued  with  full  battering 
until,  at  the  1049th  round,  the  steel 
fted  forward  about  2  in.  and  closed 
,  80  that  further  firing  became  im- 


possible. Thus,  though  the  gun  is  unservice- 
able, it  has  stood  an  enormous  test,  and 
yielded  slowly  at  last,  step  by  stop.  Wid 
need  hardly  say  that  no  accident  could  pos- 
sibly have  happened  to  any  one.  Gases,  very 
few  and  far  between,  might  possibly  ooonr  of 
a  Woolwich  gun  bnrstmg  at  proof  if  tho 
steel  tube  happens  to  be  exceptionally  bad, 
because  the  proof  charge  is  inordinately 
large.  We  have  known  one  such  case.  In- 
deed, the  proof  is  intended  to  test  thorough- 
ly every  part  of  a  gun,  not  merely  the 
interior.  This  trial  was  merely  comparative; 
but,  while  it  has  shown  the  advantage  of  us- 
ing thin  interior  steel  tubes  or  barrels  in 
preference  to  thicker  ones,  it  has  also  shown 
that  Woolwich  guns,  made  on  either  pattern, 
are  capable  of  an  endurance  entirely  unknown 
among  the  expensive  heavy  guns  possessed 
in  extremely  limited  numbers  by  Continental 
powers. 

TESTING  STEAM  ENGINEa 

From  "  Engineering." 

Although  the  ordinary  method  of  expres- 
sing the  performance  of  a  steam  engine  by 
stating  the  number  of  pounds  of  coal  per 
horse  power  per  hour  consumed  in  working 
it,  no  doubt  possesses  some  points  of  prac- 
tical convenience,  yet  as  a  means  of  com- 
paring accurately  the  performances  of  differ- 
ent engines  it  is  absolutely  valueless.  That 
this  is  the  case  will  be  readily  admitted 
when  it  is  considered  that  the  number  of 
pounds  of  coal  consumed  per  horse  power 
per  hour  by  any  given  engine  may  be  varied 
within  very  wide  limits  without  the  engine 
itself  being  modified  in  any  way.  Any 
given  engine  working  at  a  given  speed,  un- 
der a  constant  load,  and  supplied  with  steam 
at  a  constant  pressure,  will,  so  long  as  no 
derangement  of  its  parts  takes  place,  con- 
sume a  certain  constant  quantity  of  that 
steam  per  hour  ;  but,  on  the  other  hand,  the 
amount  of  fuel  consumed  in  generating  this 
quantity  of  steam  may  vary  considerably 
according  to  the  description  and  proportions 
of  the  boilera  used,  the  quality  of  the  coal 
burnt,  the  care  and  skill  exercised  in  stoking, 
the  means  adopted  to  prevent  loss  of  heat 
by  radiation,  and  other  details  which  it  is 
unnecessary  that  we  should  mention  here. 
It  thus  follows  that  a  bad  engine  supplied 
with  steam  by  an  economical  boiler  worked 
by  skillful  stokers  may,  according  to  the  or- 
dinary method  of  estimating  performance, 
show  as  good  a  result  as  an  engine  which  is 
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Ib  reality  very  superior  to  it,  but  which 
draws  ita  supply  of  steain  from  boilers  of 
less  efficient  proportions,  or  lc.«8  carefully 
fired  than  those  of  its  rivaU  and  this  aUbough 
the  same  quality  of  coal  is  used  in  the  two 
instances.  Even  if  the  two  engines  are 
supplied  with  steam  fiora  boilers  of  the  same 
class  fired  with  ecjual  care,  the  comparison 
is  rarely  a  perfectly  just  one  ;  for  with  all 
bailers  there  is  a  certain  rate  of  evaporation 
at  which  the  consumption  of  fuel  per  pound 
of  water  evaporated  in  less  than  at  any  other, 
and  it  raay^ — and  in  practice  probably  always 
will — happen  that  the  supply  of  steam  need* 
ed  by  the  one  engine  will  approach  more 
nearly  to  this  rate  of  most  economical  eva- 
poration than  that  required  by  the  other, 
and  hence  an  inequality  of  which  it  is  im- 
possible to  estimate  the  anuuint  with  ac- 
curacy. The  fault,  in  fact,  of  the  ordinary 
system  of  estimating  steam  engine  perfor- 
mance is  that  it  considers  the  engine  and 
boiler  as  a  whole  instead  of  regarding  them 
as  two  entirely  independent  parts,  cither  of 
which  may  be  good  or  bad  without  in  any 
way  affecting  the  efficiency  of  the  other. 

A  better  ujeasure  of  the  efliciency  of  any 
given  engine  than  the  number  of  pounds  of 
coal  consumed  per  horse  power  per  hour  in 
supplying  it  with  steam,  is  the  weight  of 
that  steam  as  estimated  from  the  quantity 
of  water  evaporated  by  the  boiler.  We  say 
listi mated  advisedly,  for  there  are  but  few 
boilers  which  do  not  prime  to  some  greater 
or  less  extent,  and  the  amount  of  this  prim- 
ing will,  of  course,  always  cause  the  appar- 
ent evaporation  to  be  somewhat  greater  than 
that  which  aetuatly  takes  place.  The  prac- 
tice of  estimating  the  efficiency  of  an  engine 
by  the  quantity  of  water  consumed  by  it,  has, 
however,  never  become  a  general  one,  and 
there  are  abundant  reasons  why  this  should 
be  the  case.  To  ascertain  accurately  the 
quantity  of  water  consumed  per  horse  power 
develt)ped  by  any  given  engine  is  practically 
no  very  easy  matter.  In  the  first  place  the 
power  exerted  by  the  engine  during  the  trial 
must  be  constant — or  so  nearly  constant  that 
the  mean  power  exerted  may  be  accurately 
estimated — and  this  is  a  condition  which. 
except  in  the  case  of  engines  employed  for 
pumping  water  and  a  few  other  instances,  is 
very  diflieult  of  attainment  for  any  length- 
ened period  of  time.  Next,  the  quantity  of 
water  supplied  to  the  boilers  must  be  accu- 
rately ascertained,  not  by  water-meters^ 
which  are  rarely  thoroughly  accurate,  but  if 
po^ible  by  direct  measurement  in  a  tank  or 


equivalent  contrivance,  sUowumx  beiii| 
made  for  variations  of  temperature ;  tliird> 
ly,  care  must  be  taken  that  no  fUafe  i* 
taken  from  the  the  boiler  for  otlker  pirpoeci 
than  supplying  the  enginei  and  ibat  tbtnii 
no  leakage  from  valves,  cocks,  eUi.;  lil 
fourthly^  the  water  level  in  tke  boika 
should  be  the  same  at  the  terminatiioi  rf 
the  experiment  a«  at  its  eomiueDeemettt  It 
the  case  of  marine  engines  ^laowltkUalfii 
worked  with  Bait  water,  of  which  a  certtii 
proportion  has  to  be  Mown  off  at  iotemk, 
the  amount  thus  blown  off  would  have  ip  U 
ascertained.  Altogether  such  exp'rinififi 
require  not  only  careful,  but  sikilled 
tendeuee  ;  and  as,  to  be  of  practical  v. 
must  be  of  lengthened  duration  in  of 
inaccuracies  due  to  variation  of  watrr  n'sn, 
etc.,  may  be  as  much  as  pos>sible  climioAlcii, 
they  are  necessarily  expensive  ^ 
and  are  consequently  seldom  r^ 

Having  stated  the  errors  and  Ui 
ences  incidental  to  the  ordinary  tit*  i 
comparing  the  performances  i  ' 
gines,  it  is  only  fair  that  we  - 
out  a  method  of  making  such 
to  which  the  above  mentioned  ohy 
not  apply.  This  method  is  s 
one,  and  consists  merely  in  mt 
heat  carried  off  from  the  engine  by  thi 
haust  steam,  this  steam,  this  heat  beiof, 
the  case  of  a  condensing  engine,  of 
imparted  to  the  water  used  for  effecting  eoB* 
densation.  It  has  long  been  a praetiee  wiil 
many  engine-drivers  to  roughly  estimate  li# 
temperature  of  the  water  in  the  but  w«lbaf 
their  engines,  by  dipping  their  hand^  in  it, 
and  in  this  way  to  get  some  rude  idea  atih* 
manner  in  which  their  engines  are  workirijr: 
and  several  engineers,  and  amoinT^t  t'cQi 
Mr.  David  Thomson,  have  by  >  J 

engine  with  a  constant  amount  ot *.  -^ 

water,  and  noticing  the  variations  in  d^ 
temperature  of  the  latter  estimated  tlie  re- 
lative economy  of  different  rates  of  cipan* 
sion  etc,  when  working  n  hail. 

The  merit,  however,  of  mietkod 

of  testing  engines  to  a  hy^it^m,  aud  ii«Ti«ifi| 
means  for  carrying  it  out  in  a  ^tmplf  v*l 
thoroughly  accurate   manner    is 
B.  W,  Farey  and  Mr,  Bryan  D 
of  tl»e  firm    of  Messrs.  Bryan 
Co.,  of  Bcrmondsey,  who  have 
past  eighteen  months  or  so 
performances  of  a  number  of  onj 
way  both  in  this  country  and 
tetter  addreased  to  us,  and  which  was 
lished  in  Engineering  of  tho  17th  of 
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{tide  page  58  of  oar  last  volume),  Mr. 
iy  drew  atteDtion  to  this  mode  of  test- 
engines,  and  gave  a  description  of  the 
iratos  employed ;  but  it  may  neverthe- 
be  convenient  that  we  should  give  some 
icolars  of  the  system  here. 
he  principles  upon  which  the  system  is 
ided  ^  may  be  very  simply  stated.  A 
m  engine  lb  but  a  form  of  heat  engine, 
iving  its  supply  of  heat  from  the  boiler, 
eonvertiug  a  greater  or  lesser  portion  of 
heat  into  useful  work.  The  more  effici- 
ihe  engine  the  greater  will  be  the  pro- 
ionmte  amount  of  heat  thus  transformed 
work,  and  the  less  consequently  will  be 
proportionate  quantity  carried  off  by  the 
ftost  steam.  We  thus  see  that  we  meas- 
the  quantity  of  heat  carried  off  by  the 
te  steam  of  any  engine  during,  say,  a 
ate,  and  divide  this  quantity  by  the 
iber  of  horse  power  developed  by  the 
ine  during  that  minute,  we  get  a  certain 
iber  or  constant  which  will  enable  the 
'ormance  of  that  engine  to  be  compared 
irately  with  that  of  any  other  engine 
ed  in  a  similar  way.  The  more  efficient 
engine  the  lower,  of  course,  its  '*  con- 
it"  will  be,  and  vice  versa, 
Ve  must  next  consider  the  means  by 
ch  the  quantity  of  heat  carried  off  by 
exlianst  steam  can  be  measured,  and  we 
f  here  remark  that  nothing  could  be  more 
pie,  and  at  the  same  time  more  accurate, 
D  the  apparatus  which  Messrs.  Farey  and 
Donkin,  junior,  have  devised  and  employ- 
for  this  purpose.  In  its  simplest  and 
St  generally  useful  form,  it  consists  mere- 
>f  a  wooden  trough,  or  box,  into  which 
whole  of  the  water  from  the  hot-well  is 
,  this  trough  having  several  partitions 
OSS  it,  over  and  under  which  the  water 
fs,  so  as  to  obtain  at  last  a  steady  current, 
Ich,  at  one  end  of  the  trough,  falls  over 
reir  or  a  *' tumbling  bay.'*  The  height 
head  of  water  above  the  weir  can  be 
dily  determined  by  the  ordinary  hook 
ige«  and  this  and  the  breadth  of  the  weir 
Dg  known,  the  quantity  of  water  discharg- 
in  a  given  time  can  be  readily  and  ac- 
ately  calculated  by  the  use  of  Beard- 
re's  Tables,  or  equivalent  formulae. 
practice  it  would  be  unnecessary  to  make 
se  calculations  more  than  once  for  any 
en  apparatus,  it  being,  of  course,  more 
iTenient  to  mark  on  the  gauge  the  dis- 
irge  per  minute  corresponding  to  each 
en  amount  of  head.  To  ascertain  the 
iperature  at  which  the  condensing  water 


enters  the  condenser  and  finally  escapes,  a 
good  thermometer  is,  of  course,  all  tnat  is 
required.  The  number  of  degrees  that  the 
water  is  raised  in  temperature  during  its 
passage  through  the  condenser,  and  the  num- 
ber of  pounds  of  water  thus  heated  during 
a  given  time,  being  known,  we  can,  by  mere- 
ly multiplying  these  two  quantities  together, 
determine  the  number  of  pound-degrees  of 
heat  or  thermal  units  carried  off  from  the 
engine  during  that  time  by  the  exhaust  steam. 
Dividing  this  number  of  pound-degrees  by 
the  number  of  horse  power  developed  by  the 
engine  during  the  trial,  we  get  the  **con- 
stant  *'  already  mentioned. 

All,  then,  that  is  necessary  to  test  an  en- 
gine on  Messrs.  Farey  and  Donkin's  system 
is  a  wooden  box  with  a  tumbling  bay,  a 
good  thermometer,  and  indicators  K>r  deter* 
mining  the  power  developed.  It  is  by  no 
means  necessary  that  the  trial  should  be  a 
lengthened  one,  for  it  will  be  found  that 
as  long  as  a  constant  pressure  of  steam 
is  maintained,  and  the  engine  is  employed 
to  do  an  uniform  amount  of  work,  the 
amount  of  heat  carried  off  by  the  condensing 
water  will  also  remain  constant  from  hour 
to  hour,  and  there  is,  therefore,  no  reason  why 
the  experiment  should  be  extended  for  an 
inconvenient  time.  This  is  a  very  import- 
ant point  in  favor  of  the  system  of  testing 
of  which  we  are  speaking,  as  in  all  mills  or 
factories  an  engine  can  be  kept  doing  toler- 
ably uniform  work  for  a  couple  of  hours  or 
so  without  inconvenience,  whereas  if  the 
trial  had  to  be  extended  over  a  lengthened 
period  (as  would  be  essential  if  the  quantity 
of  water  evaporated  by  the  boilers  and  the 
amount  of  coal  consumed  were  obtained  in 
the  ordinary  way)  much  inconvenience  and 
expense  would  be  in  most  cases  incurred. 

We  must  now  speak  of  another  important 
point  connected  with  this  system  of  testing 
engines.  Mr.  Farey  and  Mr.  B.  Donkin, 
junior,  have  found,  from  experiments,  that 
the  ''  constant "  of  any  given  engine  does 
not  vary  to  any  practical  extent  with  mode- 
rate variations  of  power;  and  thus  when 
the  *'  constant"  has  once  been  obtained,  the 
power  developed  at  any  given  time  by  an 
engine  fitted  with  the  apparatus  we  have 
described  can  be  ascertained  very  closely 
without  the  use  of  the  indicator.  For 
instance,  let  us  suppose  that  it  has 
been  ascertained  that  the  *' constant*' 
of  any  given  engine  is  480  or,  in  other 
words,  that  the  exhaust  steam  of  that 
engine  carries  off  480    pou^d-degrees    qt 
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heat  per  minute  for  every  indicated  horse 
power.  Then  if,  on  observing  the  apparatus, 
it  was  found  that  14,400  units  uf  ho  at  were 
pasgiitg  away  per  minute,  the  engine  would 

then  be  developing  — Tun~  ^  ^*^  ^orse  pow- 
er, or  if  16»800  units  were  being  given  off 
per  minutei  — v^^^ —  =  ^^  horse  power  would 

be  developed,  and  so  on.  We  thus  see  that 
the  apparatus  affords  a  very  ready  means  of 
ofitimating  the  power  requisite  to  drive  vari- 
ous maubines,  shafting,  etc,,  and  we  are 
int?lined  to  believe  that  if  it  was  generally 
applied  to  these  purposes  some  curious  re- 
velations  would  be  the  result. 

In  cases  where  it  is  desired  to  maintain 
a  continuous  registration  of  the  work 
done  by  an  engine,  Messrs.  Farey  and 
Donkin  employ  the  simple  arrangement  of 
photographic  apparatuH  described  and  illus- 
trated in  the  letter  from  Mr.  Farey  to  which 
we  have  already  referred.  According  to 
this  plan,  two  rays  of  light  from  a  gas 
burner* — the  oue  passing  through  a  hole  in 
a  screen  carried  by  a  float,  and  the  other 
through  a  break  in  the  mercurial  column  of 
a  thermometer — are,  after  tni.ver«iugleiiaes» 
made  to  fall  upon  a  sheet  of  sensitized  paper 
carried  by  a  slowly  revolving  drum,  which 
derives  its  motion  from  the  engine.  Each 
ray  of  course  traces  a  line  upon  the  sensiti- 
Eed  paper,  and  by  the  distance  of  these  lines 
above  or  below  a  fixed  datum  line  traced  by 
a  third  ray  of  light,  the  quantity  and 
temperature  of  the  water  passing  over  the 
weir  at  any  given  time  are  registered.  Ap- 
plied in  this  way,  the  apparatus  ?s  calculated 


and  measured  in  the  way  already 
Of  course  in  actual  trials  at  sea  ^^tau 
method  of  measuring  the   wjter  dt-rh 
from  the  hot  well  would  have  lo  W 
but  this  being  done,  the  systeai  v 
would  be  as  applicable  at  sea  80  cmibi       _ 
the  rise   of  temperature  of  the  cw'?-^-!-* 
water  could  of  course  be  readily  tot 

We  have  spoken,  at  some  !  - 
system  of  comparing  the  per 
steam  engines  proposed  by  x>ir. 
Farey  and  31  r.  B.  Donkin,  jiin 
we  are  couvinced  that  it  is  oti«i  di 
ing  the  most  attentive  eonsidcfatio» 
all  employers  of  steam  power.  The 
perimeuts  required  for  its  applicatkn 
any  engiDe  are  of  the  most  simple  wai 
expensive  kind,  and,  when  oiic« 
stood,  they  may  be  carried  out  as  eaiOy  li 
the  taking  of  an  ordinary  indicator  dia^ma. 
The  system,  moreover,  giveti  for  each  et^pM 
a  **  conatant,"  the  favorablener^-  -  ••-*■'- 
ableness  of  which  is  entirely 
the  performance   of  the    <  ;  tr,  iim 

which  is  not  affected  in  uu  he  «?§£!• 

oncy  or  inefficiency  of  the    t-  'he 

quality  of  the  coal  used,  or  b  r  -''et 

or  less  skill  of  the  stoker.  OoiJt  Ut  »urli 
a  standard  of  comparison  as  thi<  hfetmit 
generally  adopted,  and  we  shall  hear  km  d 
vague  performances  and  more  of  really  oe^ 
nomical  steam  engine— a  state  of  iiyn 
earnestly  to  be  desired. 


LOADS    ON    GIRDERS. — At  a  FOoeot  99tU 
ing  of  the  8oci<''t^  des  Ingenieurs  CifiU 
M,  Leygue   presented  to  the  SoeiiM^  a  ilfr 


to  do  goodvservice  to  liirgc  millowners   and  I  *'V!«^  «.""Jy  ?"  «i"f'"-n«'y  dutrfhoied  ]aA 


waterworks  eompanioB  who  desire  to  obtain 
a  continuous  record  of  the  performances  of 
their  engines. 

Hitherto  we  have  spoken  of  this  system 
of  testing  as  applied  to  stationary  condens- 
ing engines  only ;  but  it  is  also  applieable 
to  high-preasure  engines,  and,  under  certain 
circumstances,  to  marine  engines.  In  the 
case  of  high-pressure  engine!^,  the  exhaust 
steam  would  have  to  be  turned  into  a  tank 
of  water  and  condensed,  and  the  water  thns 
heated  could  then  be  treated  like  that  from 
the  hot  well  of  a  condensing  engine.  In  the 
case  of  marine  engines,  the  vessel  containing 
the  engines  to  be  tested  would  have  to  be 
lashed  alongside  a  wharf,  and  the  engines 
being  got  up  to  their  intended  working  speed, 
the  water  from  the  hot  well  would  have  to 
be  conducted  into  a  box  fixed  to  the  wharf, 


which,  in  their  result*,  are  equivalent  ta  the 
loads  caused  by  traffic  on  metal  anpeffliM^ 
tures ;  that  is  to  say,  capable  of  prodnriiif 
in  the  sections  submitted  to  the  gnote^ 
strains  caused  by  separate  loads,  the  sDDt 
maxima  momenta  of  flexion. 

M.  Leygue  first  examined  tho  eonifititfi 
of  variation,  to  the  extent  of  the  rooveiBW* 
of  the  loads,  of  the  maxima  moranttti  p^ 
duoed  by  a  series  of  forceft,  P,  acting  oo  • 
body  resting  freely  on  two  Uve!  supporti. 
In  disousBtng  the  expression 

which  IB  the  usual  formula  of  fJ^^xinn  m^* 
menta  for  any  section,  he  fouoil  '^tf 

position,  Zt  the  most  unfav^orabl  ** 

tem,  one  of  the   loads,  P,  was  to  ht  i*>^ 
in  the  section  undergoing  the  greatoit  iSnia* 
From  this  point  the  question  of  a&iformlj 
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>uted  loads  becomes  remarkably  sim- 

r  be  the  abscissa  of  the  maximum  mo- 
Lm  under  aoj  specified  load;  n  the 
mly  distributed  load  produciug  the 
effect  as  the  separate  loads,  P ;  L  the 
ig  of  the  girder ;  p  the  uniformly  dis- 
ed  load  caused  by  the  dead  weight ;  F 
ssaltant  of  distinct  forces,  P' ;  A  the 
ce  of  the  load  under  consideration  to 
sal  tan  t,  F ;  £  P  Z  the  sum  of  the  mo- 
in  relation  to  the  load  under  consider- 
of  the  separate  loads  placed  at  certain 
ces  on  the  abscissa  x,  we  find 
__  L        .        F 

■_2F/.  X    \        21FI 

^ — irv~ir=^7~(L-x)a/' 

er  having  examined  the  conclusions  to 
lucted  from  these  formulae,  M.  Leygue 
lied  to  the  Soci6t6  the  results  of  their 
ation  to  underline  and  overline  road- 
The  calculations  are  arranged  in  the 
of  tables  and  curves,  in  which  the 
I  n  are  considered  as  representing  the 
mance  of  the  bearings  of  the  girders. 
\  general  shape  of  the  curves  thus 
.  is  hyperbolical  with  two  rectangular 
»totes: 

X  =0  and  v  =  constant. 
face  of  such  results,  and  foreseeing 
must  take  place  in  other  companies 
irbat  has  taken  place  in  the  Compagnie 
ord,  M.  Leygue  was  surprised  that 
bt  lines  of  400  K.,  4,000  K.,  and 
K.,  should  still  be  the  standard  indi- 

8  in  the  administrative  orders  of  the 
filer's  office.  It  would  seem  to  be 
reasonable  to  permit  the  engineers  to 
on  the  loads  for  which  they  must  cal- 

their  works,  and  to  simply  place  a 
[i   limit  to  the   molecular   strains   to 
the  metals  may  be  submitted.    In  fact, 
fferent  pitches  would  allow  the  degree 
bility  of  the  works  to  be  ascertained. 
Leygue  believed  that  the  figures  ob- 
by  the  formula  (tt)  were  also  applica- 
continuous  girders  supported  by  seve- 
jTB.     In  fact,  in  a  case  of  entire  sym- 
there  will  be  found  for  a  piece  built 
ixontally  at  both  its  extremities, 
_N  (N+2)      P 
N-f  1        TT' 
-esenting  the  number  of  separate  loads, 
;ributed  on  the  bay  L;  and  this  formula 

9  found  identical  in  the  hypothesis  of 
ipports. 


7r  = 


M.  Leygue  concluded  by  saying  that  he 
agreed  with  the  expressed  opinion  of  M. 
Bresse  that  the  motion  of  the  loads  ought 
not  to  have  a  disturbing  influence  on  the 
works.  If  certain  observations  seem  to 
contradict  this  opinion,  the  reason  probably 
is  that  the  girders,  by  the  relation  of  their 
component  parts,  were  placed  beyond  the 
typical  limits  as  regards  which  theory  and 
practice  are  not  in  contradiction  to  each 
other.  For  this  reason  M.  Leygue  support- 
ed without  any  alteration  the  figures  obtain- 
ed by  him,  deduction  being  made  for  the 
speed  of  the  rolling  loads. 


THE  Iron  and  Steel  Institute  of 
Great  Britain. — This  body  comprises 
upwards  of  140  of  the  leading  iron  and  steel 
masters,  managers  and  engineers  of  the 
kingdom.  Its  objects  as  defined  in  the 
printed  rules  are,  1st,  to  afford  the  means 
of  communication  between  members  of  the 
iron  and  steel  trades  upon  matters  bearing 
upon  the  respective  manufactures,  excluding 
all  questions  connected  with  wages  and 
trade  regulations ;  2d,  to  arrange  periodical 
meetings  for  the  purpose  of  discussing  prac- 
tical and  scientific  subjects  bearing  upon  the 
manufacture  and  working  of  iron  and  steel. 
The  several  similar  institutions  devoted 
more  especially  to  civil  engineering  have 
proved  of  such  signal  advantage  to  all  con- 
cerned, that  great  hopes  are  entertained  of 
the  usefulness  of  this  new  enterprise. 


GOLD  Region  in  South  Africa. — 
*'Peterman*s  Mittheilungen  "  contains 
a  report  on  the  gold  region  discovered  by 
K.  Mausch,  in  the  south  of  Africa,  between 
Limpopo  and  Zambesi.  Quartz  rock,  very 
rich  in  gold,  is  found  there  extending  over 
a  length  of  many  miles.  Gold  sand  rich 
enough  to  be  washed  to  advantage  has  not 
yet  been  discovered.  Captain  Black,  who 
has  acquired  a  considerable  experience  in 
gold  mining  in  California,  is  managing  the 
mining  operations.  He  wishes  to  annex 
this  gold  district  to  the  Cape  Colony,  and 
has  given  it  the  name  of  Victoria  district. 
Gold  mining  companies  have  been  organized 
in  Natal,  in  the  Transvaal  Republic,  and  in 
the  Cape  Colony.  Several  European  geolo- 
gists have  started  for  Africa.  A  scientific 
man  is  being  sent  there  from  England.  Al- 
ready, in  October  last,  Germany  sent  Mr. 
Ed.  Mohr,  the  experienced  traveller,  well 
acquainted  with  the  south  of  Africa,  and 
accompanied  by  0.  HUbenor,  of  the  Frei- 
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h^rg  Mining  Academy.  They  have  gone  to 
N&tal  aod  the  Trunsvaal  Republic  with  the 
purpose  of  ^subjecting  the  gobi  tlistrict  men- 
t toned  to  a  closer  lavestigatioo. — Oastr,  Zeit' 
schrift, 

VTew  Method  of  Rifling  anb  Wdrkixo 
i3i  Heavy  Guns, — The  '^Mechanics*  Mag* 
azine  "  for  May  14, 18(>9»  illustrates  in  detail 
the  scheme  referred  to,  as  designed  by  Mr. 
C.  Pcmberton,  of  the  Royal  Navy,  A  rifled 
bar  of  say  6  in.  diameter  is  screwed  into 
the  bottom  of  the  chamber  and  occupies  the 
position  in  the  bore  that  a  piston-rod  would 
occupy  in  a  cylinder.  The  projectile  h 
bored  out  and  grooved  to  fit  over  this  rifled 
bar,  while  the  exterior  of  the  projectile  and 
the  bore  of  the  gun  are  smooth.  The  ob- 
ject is  to  avoid  the  weakening  of  the  gun  by 
the  loss  of  metal  and  the  sharp  angles  of 
grooves  in  the  bore,  and  by  the  bursting 
strain  caused  by  the  rotation  of  the  pro- 
jectile. It  appears  to  us,  however,  that  the 
rifled  bar  would  sag  at  the  muzzle  to  such 
an  extent  a»  to  make  loading  difficult. 

Mr.  Pemberton  also  shows  a  novel  ar- 
raBgeinent  of  air  cylinder  for  taking  up  the 
recoil,  and  also  for  running  out  the  gun; 
also  a  method  of  elevating  the  gun  platform 
by  screwa,  which  we  think  vastly  inferior  to 
hydraulic  puwcr. 


I  rtiih, 


BUST  FURNACE  ECONOMY. 

From  *' Eogioeermg.-* 

To  those  who  desire  to  effect  economy  in 
the  carrying  out  of  any  process  or  manufac- 
turing operation  there  is  no  knowledge  more 
valuable  than  a  knowledge  of  all  existing 
sources  of  waste.  In  some  cases  such  know- 
ledge is  easy  to  obtain ;  but  in  the  majority 
of  instances  it  is  more  or  less  difficult,  and 
in  none  more  so  than  in  those  in  which  the 
matter  to  be  econnmized  is  fuel*  Let  us 
take  the  steam  engine  for  example.  We 
know  that  a  certain  quantity  of  fuel  if  prop- 
erly consumed  will  produce  a  certain  number 
of  units  of  heat,  and  that  if  this  number  is 
multiplied  by  772  we  get  the  number  of  foot^ 
pounds  of  work  which  this  heat  is  capable  of 
developing  if  completely  utilised.  But  we 
also  know  that  even  with  the  best  boilers 
and  engines  now  constructed  the  amount  of 
work  actually  developed  falls  immensely 
short  of  this  theoretical  f|uantity;  there  are 
losses  caused  by  imperfect  combustion,  by 
heat  carried  off  from  the  boiler  furnaces,  by 
the  waste  gases,  by  radiation,  by  oondensa* 


tion,  by  wire-drawing,  by  ledufi.  mi 

numbers  of  other  defects,  whicti  it  a 
cessary  to  mention  here.     The  I 
some  of  these  various  cause- 
tolerable  accuracy,  but  wifl' 
there  is  little  definite  i 
and  the  consequence 
guarded  against  as  they  »bouid  be. 
knew  exactly  how  every  unit  uf  hal 
oped  in  a  boiler  furnace  m  cxpenM 
can  doubt  but  that  some  subslantial ' 
ment  in  oonstr notion  would  be  the 

As  with   steam   en;  ^     ' 

furnaces,  respecting  w 
especially  to  t^f^eak  on  the  pre 
That  much  has  been  d^nr  dir     . 
few  years — ^and  part-  .  Uni  C 

land  district  —  to  red  if  ufmn|4kai 

fuel  in  blast  furnaces  per  ttm  of  irm 
duecd  is  undeniable ;  but  it  is  Ci|iialli 
niable  that  there  is  still  margin  for 
ment,  and  it  appears  to  us  tbit  nn- 
first  steps  to  be  made  toward?- 
improvement  is  to  ascertain  wit  i 
practicable  exactness  the   lo3> 
from  each  exbting  source  of  wa^-u 
losses  once  known,  they  may  be  c 
separately,  and  means  tal 
At  the  meeting  of  the  ! 
chanical  Engineers,  held  lu 
uary  last,  during  the  disM.^ 
place  on  Mr.  Cochrane*s  paper  on  the 
sation  of  waste  gases  tram  blaat  f\ 
attention  was  especially  dirt^cKrd  to 
feronces  which  exi;?rt  between  the 
of  fuel  actually  consumed  in  bhwt 
per  ton  of  iron  produced,  and  *' 
which  would  be  theoretically  r  mtf 

the  subject  is  altogether  otic  ot  rt- 

ance  as  to  deserve  especi«J  a. 

And  here  we  may  remarV  iM 

impossible  in  the  present  ^  iaI» 

lurgical  knowledge  to  say  pr^oiviiy  hm 
much  fuel  is  absolutely  waatea  in  aaj  pf^ 
blast  furnace.  The  quauticies  of  fliel,  «v«, 
and  fluxes  introduced  in  any  girtm  tiBt, 
and  their  analyses,  may  be  aoeoralaly  kiiwni 
to  us ;  but  our  inforntation  coneemiiif  l&> 
quantities  of  heat  rendered  latent  in  dcrtroy- 
ing  certain  chemical  combinati  ~  '^  '  ^«* 
absorbed  is  liquefying  the  v 
itself;  the  specific  heal  of  the  itiniia 
and  iron,  and  other  mattem,  u  »r 
being  so  reliable  as  we  could  wi^, 
consequently,  as  we  hare  said,  n  tl^^ 
accurate  eBtimate  of  the  fuel  n 


M»- 


rofl 


«  See  V*a  Kof  traad^t  Mmaatl]ie>  If  9. 1*  h  ^^ 
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instance  cannot,  at  present,  be  given, 
tlutanding  this,  however,  we  have  suf- 
data  at  our  disposal  to  show  that  the 
it  of  fuel  actually  used  is  greater  than 
lid  be,  and  it  may  be  interesting  if  we 
er  this  matter  more  closely.  For  this 
■e  it  will  be  convenient  if  we  take,  as 
mmple,  a  furnace  worked  with  certain 
t«  charges  of  ore  and  fiiel,  and  show 
die  proportions  between  those  charges 
I  irith  those  which  would  be  theoretical- 
spired. 

Btos,  for  instance,  consider  a  furnace, 
iieh  the  charges  consist  of  26  cwt.  of 
^  60  cwt.  of  ironstone,  and  10  cwt.  of 
tfooe,  per  ton  of  iron  run ;  the  ironstone 
iainz  40  per  cent,  of  iron  in  the  state 
t>xiae.  We  have  chosen  these  propor- 
because  they  will  enable  us  to  readily 
je  oar  calculations  with  those  of  Mr. 
rfthian  Bell  and  Mr.  Siemens  given  in 
arse  of  the  discussion  to  which  we  have 
f  referred;  and  which  were  founded 
ilar  data.  In  the  first  place  the  coke 
t  the  Cleveland  district  contains  from 
I  per  cent,  of  ash  and  moisture,  and  if 
tune  that  our  particular  sample  con- 
^  per  cent,  of  these  matters,  we  shall 

0  make  a  deduction  of  1^  cwt.  from 
antity  available  as  fuel.  A  further 
ion  of  about  1  cwt.  will  have  to  be 
for  the  carbon  which  combines  with 
Q,  leaving  finally  23^  cwt.  of  carbon 
ecounted  for. 

»xide  of  iron  (Fe,  0  )  consists  of  56 
y  weight  of  iron  combined  with  24  of 
9  and  the  50  cwt.  of  ironstone  charged 
k  of  iron  made  contain,  therefore,  20 
'  iron,  8.57  cwt.  of  oxygen,  and  21.43 
f  other  materials,  principally  silica, 
eomposition  of  the  peroxide  is  effected 
ixygen  being  taken  up  by  the  carbonic 
gas  produced  by  the  imperfect  com- 

1  of  thojcoke,  this  carbonic  oxide  being 
inverted  into  carbonic  acid.  The 
t  of  carbonic  oxide  required  to  dccom- 
le  given  quantity  of  peroxide  of  iron 
lily  calculated.     Carbonic  oxide  con- 

of  6  parts  by  weight  of  carbon  com- 
witb  8  parts  of  oxygen,  and  carbonic 
onaisting  of  6  parts  of  carbon  and  16 
ran,  it  follows  that  to  take  up  the  8.57 
[oxygen  from  the  peroxide  of  iron  15 
f  carbonic  oxide  (composed  of  6.43 
of  carbon  and  8.57  cwt.  of  oxygen) 
e  necessary.  This  disposes  of  6.43 
at  of  the  23J  cwt.  of  carbon.  But  in 
ting  the  oxygen  of  the  peroxide  from 


the  solid  to  the  gaseous  form  there  is  a  great 
absorption  of  heat,  and  to  supply  this  heat  a 
consumption  of  fuel  has  to  take  place.  It 
appears  from  the  researches  of  Ebelmen  and 
Schinz  that  the  quantity  of  heat  rendered 
latent  during  the  decomposition  of  the  per- 
oxide of  iron  amounts  to  718  units  for  each 
pound  of  oxide  decomposed,  and  as  in  our 
example  the  quantity  of  peroxide  is  28.57 
cwt.,  the  heat  absorbed  would  be  28.57  X 
112  X  718  =  229,748,512  units.  We  must 
next  consider  the  quantity  of  fuel  required 
to  supply  this  amount  of  heat. 

If  the  whole  of  the  carbon  consumed  in  a 
blast  furnace  was  converted  into  carbonic 
acid,  each  pound  of  it  would  develop  about 
14,000  units  of  heat ;  but,  as  a  fact,  it  ap- 
pears probable  that,  as  estimated  by  Mr. 
Siemens,  not  more  than  one-fifth  is  thus  con- 
verted, the  remaining  four-fifths  assummg 
the  term  of  carbonic  oxide.  As  carbon, 
when  burnt  into  carbonic  oxide,  only  pro- 
duces about  4,000  units  of  heat,  we  thus 
have  as  the  average  quantity  of  heat 
produced  by  each  pound  of  carbon  con- 
sumed in  the  furnace  ( I  X  14,000 )  +  ( f  X 
4,000)  =  6,000  units;  and  this  we  believe 
is  a  fair  estimate.     From  these  data  we  get 

|^|^=.3.418.or,Bay,8.42cwt.as 

the  quantity  of  fuel  required  to  supply  the 
heat  rendered  latent  during  the  decomposi- 
tion of  the  peroxide  of  iron.  We  have  next 
to  consider  the  amount  of  heat  rendered 
latent  during  the  decomposition  of  the  lime- 
stone ;  and,  according  to  the  experiments  of 
Schinz,  this  amounts  to  355  units  for  each 
pound  of  carbonate  of  lime  decomposed.  In 
our  case,  therefore,  the  quantity  will  be  10  x 
112  X  355  =  397,600  units  corresponding  to 
*u  *•         c     397,600        rtKQ, 

the  consumption  of  5000x112^  *' 

say,  0.6  cwt.  of  fuel. 

At  the  time  that  the  iron  and  slag  are  dis- 
charged from  a  blast  furnace  they  have  a 
temperature  which  may  be  fairly  assumed  as 
about  2,400°  higher  than  that  of  the  materi- 
als at  the  time  of  charging;  and  we  have 
now  to  consider  the  amount  of  heat  necessary 
to  liquefy  them  and  give  them  this  high 
temperature.  The  amount  of  heat  rendered 
latent  during  the  liquefaction  of  a  pound  of 
cast  iron  has  been  given  by  Clement  as  233 
units,  and  by  Schinz  as  varying  in  different 
samples  from  250  to  315  units.  If  we  as- 
sume 250  units  as  the  amount  in  the  present 
case,  we  shall  have  250  X  20  X  112  =  560,- 
000  units  as  the  amount  rendered  latent 


during  the  liquefaction  of  the  ton  of  irou. 
Again,  the  specific  heat  of  cast  iron  in  the 
solid  state  is  QAS,  and  in  the  liquid  state 
about  0.16;  and  we  shall,  therefore,  have 
20  X  11-  X  0,1  a  X  t^.OilO  =  f>82,400  units 
of  heat  absorbed  in  raising  the  ton  of  iron 
to  the  melting  point,  and  *J0  X  112  X  0.16  x 
400  =  143,i3<iO  units  imparted  to  it  after  it 
h  melted.  Adding  these  quantities  top;eth- 
er,  wi  get  500,000  +  582,400  +  143,860  - 
l,285,7t>0  units  ;  thus  corresponding  to  the 
^  1,285,700  .  f,.  ,  - 
consumption    of  ^  ^-^"jf2  ^  ^ 

fuel. 

As  to  the  quantity  of  heat  rendered  latent 
during  the  liquefaction  of  the  slag,  some 
little  uncertainty  exists,  and  it,  moreover, 
no  doubt  varies  in  slags  of  different  com- 
positions. The  researches  of  various  conti- 
nental experimenters,  however,  tend  to  show 
that  110  units  per  ptmnd  of  slag  melted  may 
be  taken  as  a  fair  estimate  in  ordinary  cases. 
With  the  charges  mentioned  in  our  example, 
the  quantity  of  slag  produced  would  be  about 
29^  or  30  cwt,  per  ton  of  iron  made,  and 
taking  the  latter  quantity,  we  shall  have 
30  X  112  X  110  =  HG9,6UU  units.  The  spe- 
cific heat  of  slag,  like  that  of  iron,  varies  ac- 
cording to  whether  the  material  is  in  the 
solid  or  liquid  form ;  but  we  nmy^  without 
any  serious  error,  assume  it  as  being  0,2 
throughout.  The  quantity  of  heat  required 
to  raise  the  temperature  of  the  materials 
forming  the  slag  about  2,400",  will  thus  be 
2,400  X  :^0  X  112  X  0,2  =  1,012,800  units; 
and  adding  to  this  the  309,000  units  absorbed 
during  liquefaction,  we  get  1,*>H2,400  units 
as  to  the  total  heat  inq>arted  to  the  slag, 
this  corresponding  to  the  consumption  of 
1.1182,400       ,.^.  ^      .     ..^    , 

6  000X  112^^^^  ^^'  ^^^* 

Summarizing  the  results  above  obtained, 
we  get  the  following  statement  of  the  man- 
ner in  which  the  20  cwt.  of  fuel  is  disposed 
of: 

cwt, 

Aslieji  and  moisture  in  fuel 1.5 

Curhoniiiatioa  of  the  melted  iron 1 .0 

Carbon  for  comhiTiiug  with  oxygen  Id  ore  ...     ft. 43 

Fuel  for  meltiug  inm , 1 .91 

**        «Iag 3.0 

**    to  uupply  heat  rendered  latont  during 

decomposUioQ  of  ironstone .,.,.,,.,     8.42 
*'    ditto  during  decomposition  of  linestoue,    0.B 

17.80 
Not  aocoQnt*.<3  for  above 8.14 

Totid  ,..••,  26.0 

In  the  above  summary  we  have  taken  no 


account  of  the  heat  carried  of  hf 
gases  escaping  at  the  moulJi  af 
for  we  quite  agree  with  Mr.  8 
sidering  that  thitt  amount  in  mc»rft| 
anced  by  the  heat  intr^  '  into  ' 
by  the  hot  blast,  gu;  Itc 

heated  to,  say,  1,000',    a  ^t 
will  prove  this.     We  have  «] 
26  cwt.  of  coke,  23  J  cwt.  w< 
consumed   as  fuel  (for   th«  amen 
unitei^  with  the  oxygen  of  this  of^ 
couiiumed),  and  of  this  quantity  i 
sumed  one-fifth  or  4-7  cwt,  to  he 
into  carbonic  acid,  and  the  rctnaia/i 
cwt.,  into  carbonic  oxide.     The  i 
verted   into   carbouio  aeid,  won] 

^il^  =  12.63  cwt.  of  oxygen  h 

version,  whilst  the  renuining  US 

combine  with  ^^-^^-^=.25.0^  a 

gen  in  forming  c-arbonie  oxide. 
quantity  of  oxygen  required  fo 
combination  alone  would  thus  I 
25J)0  -  37.69  cwt.,  and  of  this 
cwt.  would  be  supplied  by  t 
ing  29.12,  or,  say,  29  cwt.  to 
the  blast.  Taking  the  air  j 
of  22  per  cent.,  by  weight, 
cent,  of  nitrogen*  and  1  per  cent. 

carbonic   acid,   &c.,   we   hft?« 

131.7,  or,  say,   132   cwt.    of 
amount  necessary  to  furnish  tho 
ply  of  oxygen.      The   speeifio 
being  0.238,  this  quantity  t»f " ' 

l.OOU^,  above  the  or  i        '      t] 
perature,  will  thus  in 
1,000  X  0.238 xl32x  142=  8^^ 
of  heat. 

On  the  other  hand,  the 
from  the  mouth  of  the  ftimaee 
cwt,  of  carbonic  acid  derived  fro 
atone,  8.57  cwt.  of  oxygen  froui  ! 
of  iron,  132  cwt,  of  oxygen,  m 
from  the  bla<«rt,  and  23.5  cwt.  of  c 
bined  with  the  oxygen  of  thts  i 
from  the  peroxide  of  iron,  in  I 
oarbonic  acid  and  carbonie  oxide. 
weight  of  the  gases  will  thus  be 
+  132  +  22.5  =  ie».47,  or,  siiij 
Taking  the  specific  heat  of  the^* 
to  be  0.24,  and  their  tcmperatttm 
we  shall  thus  have  169.5  X  H 
600=2,717.508  units  of  ^ 
by  them,  this  quantity  ' 
2,717,508=801,024  wii4. 
ducod  by  the  blast.     To 
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)iild  no  doubt  be  reduced  by  the 
off  by  radiation  from  the  pipes 

r  circulating  through  the  tuyeres, 
think  there  can  be  little  doubt 

at  introduced  by  the  hot  blast 

>mpensate  for  that  carried  off  by 

ases. 

»e  interesting  if  we  compare  our 
as  to  the  disposal  of  the  fuel 

1  with  the  estimates  given  by  Mr. 

a  Bell  and  Mr.  Siemens  on  the 

the  discussion  to  which  we  have 

jrred.     Mr.  Bell's  estimate  was 

cwt. 

i  of  the  melted  iron 1.0 

iron,  and  keeping  it  melted  on 

2.7 

rda  the  cinder 4.5 

off  by  the  escaping  gases 6.86 

d  latent,  including  the  6.43  cvrt. 
combining  with  the  oxygen  in 

i'j  altogether 9.00 

28.66 

oticed  that  in  the  above  estimate, 
[r.  Bell  allows  6.36  cwt.  as  the 
of  fuel  carried  off  by  the  waste 
lakes  no  allowance  for  the  heat 
by  the  blast.  Assuming,  as  we 
that  these  two  quantities  balance 
and  deducting  from  Mr.  Bell's 
e  6.36  cwt.  just  mentioned,  we 
imainder,  17.2  cwt.,  a  quantity 
eing  with  that  shown  by  our  own 
.  31  r.  Siemens'  estimate,  which 
closely  with  our  own,  was  as  fol- 

cwt. 

ron 1.60 

•Jnder 4.13 

I  latent  by  reduction  of  ore,  8.19 
ombining  with  oxygen  in 
carbonizing  pig  metal...   7.43 

16.35 

iter  in  coke,  10  per  cent 1 .68 

limestone,  &c.,  10  per  cent.. .     1.68 

tity  of  coke  required 19.61 

.14  cwt.  of  coke  per  ton  of  iron, 
ir  own  estimate  as  unaccounted 
iseful  work  done,  a  portion  is  no 
aded  in  supplying  the  heat  lost 
a  from  the  furnace,  but  wc  have 
data  which  will  enable  us  to  esti- 
the  amount  of  this  loss  will  be. 
owever,  little  cause  for  supposing 
mfficicnt  to  account  for  the  heat 
by  the  combustion  of  about  one- 
!  total  quantity  of  fuel,  and  there 
ifore   be   some  other  sources  of 


waste  not  sufficiently  recognized,  but  which 
it  is  desirable  should  be  sought  after  and,  if 
possible,  avoided.  The  demand  upon  our 
space  will  not  permit  us  to  say  more  on  this 
subject  here ;  but  we  intend  to  return  to  it 
on  an  early  occasion. 


TIIE  MARTIN  STEEL  PROCESS. 

Coadensod  and  translated  from  a  paper  pnbliihed  by 
CoNSTANTiN  Pbipxb8>  Messrs.  Martin's  repreaen- 
tatlTO  in  Prussia. 

Among  the  great  number  of  new  processes 
of  steel  manufacture  invented  within  the 
last  decade,  the  Martin  process  has  been 
practically  the  most  successful,  and  may 
perhaps  in  its  further  development  stand 
side  by  side  in  importance  with  the  Besse- 
mer process.  Though  not  attracting  atten- 
tion by  any  new  or  peculiarly  original  idea, 
it  has  rapidly  come  into  extensive  use  by 
the  great  practical  value  it  has  for  certain 
branches  of  the  iron  and  steel  manufacture. 

It  was  on  the  4th  of  April,  1864,  when 
Mr.  Martin,  in  his  establishment  at  Sireuil, 
near  Angoul^me,  first  succeeded  in  making 
cast  steel  on  the  hearth  of  a  regenerative 
furnace.  The  process  was  patented  in 
France  on  the  10th  of  August  in  the  same 
year.  To-day,  five  years  after  this  first  suc- 
cessful trial,  the  process  is  worked  in  many 
places  in  France,  and  has  been  introduced 
into  almost  all  the  other  industrial  countries. 
The  larger  establishments  accept  and  fill 
considerable  orders  for  rails  and  tyres  of 
Martin  steel.  Martin,  himself,  has  manu- 
factured gun-barrels  regularly  and  without 
interruption  since  1865.  The  furnace  he 
uses  for  this  purpose  is  producing  one  and  a 
half  millions  of  pounds  of  steel  per  year. 
Thus  the  process  may  be  considered  as  a 
decided  practical  success.  Also  the  techni- 
cal journals  and  the  highest  metallurgical 
authorities  have  expressed  their  belief  in 
the  ffreat  future  of  this  process. 

The  idea  on  which  the  Martin  process  is 
based  is  not  new.  Heath  took  a  patent  on 
it  as  early  as  1839.*  Numerous  experiments 
have  been  made  by  others  in  the  same  direc- 
tion, but  without  decisive  success.  Though 
Martinis  not,  therefore,  the  original  inventor 
of  the  process  called  by  his  name,  he  has  the 
great  and  undoubted  merit  of  having  found 
out,  by  numerous  and  costly  experiments, 
the  right  proportions  in  the  construction  of 
the  furnace  and  gas-producer,  the  most  suit- 


•  He«ih*t  patent  of  1M5  (m«  Van  Nostrand't  May.,  No.  0^ 
p.  547)  more  nearly  descTibe*  it.— Ed. 
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iratory  furnace,  together  with  some 
elag  to  cover  the  iron  and  to  protect  it  from 
the  direct  inflacnce  of  the  air  and  the  gasca. 
Small  portions  of  wrought  iron  are  thrown 
successively  into  this  iron  bath,  which  ope- 
ration is  continued  uotil  a  test  taken  from 
the  furnace  shows  that  the  whole  mass  of 
iron  pos^essos  the  softness  and  other  proper- 
ties of  wrought  iron.  This  melted  soft  iron 
is  finally  reconverted  into  steel  by  the  addi- 
tion of  a  well  proportioned  quantity  of  pig 
iron*  The  heat  ueceaeary  for  these  opera- 
tiona  is  partly  furnished  by  a  regenerator 
connected  with  the  reverberatory  furnace. 
The  wrought  iron  to  be  added  may  consist 
uf  hot  puddle-balb  just  obtained  from  a 
neighboring  puddling  furnace ;  or  wroueht 
iron  scraps  may  be  used,  being  previously 
heated  in  a  separate  furnace,  or  by  the 
ifaste  heat  of  a  heating  furnace.  The  pro- 
duct  of  the  process  is  tapped  and  run  into 
moldd,  or  cast  into  any  required  shape. 

We  intend  to  show^  by  the  following  re- 
marks,  what  relative  position  the  Martin 
process  will  occupy  to  the  other  modes  of 
making  cast  steel  now  in  use ;  how  its  re- 
Bults  and  products  compare  with  those  of  the 
crucible  and  the  Bessemer  process  ;  and  how 
the  new  process,  in  renuMlying  some  of  the 
disadvantages  of  both  the  above,  fills  a  gap 
between  them,  and  can  be  made  useful  to  both. 

It  is  hardly  necessary  to  mention  that  the 
Martin  process  is  a  much  cheaper  method  of 
making  cast  steel  than  the  ugual  crucible 
process.  It  compares  in  cheapness,  under 
favorable  circumstances,  even  with  the  Bes- 
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somewiMit  less  pmfe  s 
than  those  of  the  orucib| 
worked  with  similar  raw  xi 
this  can  be  remedied  to  a  c 
tent  by  the  use  of  chemica 
Martin  has  used  for  this  pur] 
eot  success.  Thu«  the  Man 
enable  the  cast  steel  maoufa 
duce  their  ordinary  kind*  of 
the  most  in  demand,  at  a  x€ 
cost  than  before.  Anothe 
that  will  lead  them  to  ibtr^K 
procL'ss  is  this,  that  it  offers 
ity  for  producing  exactly  tl 
gree  of  hardness  than  the  c 
The  bitter  uses  a  good  man 
composition  or  qualittOB  of 
ways  be  exactly  known,  i  ^ 
sent  any  facility  for  testiJ 
fore  it  is  poured.  In  tl 
on  the  contrary,  samples^ 
any  time  from  the  ateel  oi 
the  composition  of  the  batl 
altered,  until  it  haa  obtain 
qualities.  The  softest  kind 
it  is  so  difficult  to  produce  i 
be  made  in  the  Martia  fu 
same  degree  of  security  as  t 
avoiding  at  the  same  time  al 
irregularities  often  catUNni 
and  breaking  of  craciblaj 
to  be  expected  that  the  cm 
turers  will,  for  the  greater  f 
duotioti,  replace  the  crucik 
Martin  process. 
When  compare 


»  of  1 

i 

les^ 


i  the  crucibU 
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it  of  pig  iron.     After  being  reearbur- 
fclie  metal  is  kept  in  the  fdmace  three- 
kers  of  an  hour  to  effeet  an  even  distri- 
m  of  the  earbon,  thus  insuring  a  per- 
j  nniform  product.     During  this  time 
metal  has  ample  time  to  complete  the 
» to  discharge  all  the  gases  generated  in 
aiterior  by  the  previous  reactions,  and  to 
la  down,  forming  a  quiet  homogeneous 
lb.   After  this  it  pours  without  bubbling, 
I  produces  ingots  free  from  cavities  or 
Hi   A  sample  taken  a  short  time  before 
Ing  gives  a  perfect  assurance  in  regard 
bi  qaalities.     The  tapping  of  the  metal 
I  be  done  in  a  larger  or  smaller  stream, 
Heqaired,  thus  allowing  of  its  being  pour- 
bto  laree  molds  or  used  for  small  castings, 
which  It  is  well  adapted. 
le  fitness  of  a  pig  iron  for  the  steel 
nfketare  depends  principally  on  the  per- 
Me   of   phosphorus    it    contains.     As 
Uing  purifies  pig  iron  from  phosphorus 
eoDsiderable  extent   in   converting   it 
wrought  iron,  the  Martin  process,  in 
I  this  purified  wrought  irt)n  must  also, 
this  reason,  produce  a  better  quality  of 
from  the  same  pig  iron  than  the  pneu- 
8  process,  by  which  a  purification  of  this 
ifl  not  effected.     This  makes  it  possible 
the  Martin  process  may  be  worked  with 
ms  in  districts  which  produce  a  pig  iron 
ufficiently  pure  to  make  a  good  Besse- 
Bteel,  and  from  which   the  ^Bessemer 
B88    is    consequently    excluded.      The 
b    required  by   the  latter   is,  besides, 
\k  more  expensive. 

^ese  considerations  may  be  apt  to  induce 

lemer  works,  in  whose  interest  it  is  to 

Dpolise   the   production   of    the   larger 

L  castings,  to  erect  Martin  furnaces  for 

pnipose  of  making  such  castings  of  a 

er  qoality  and  more  perfect  soundness. 

the  Martin  process  is,  besides,  in  ano- 

respect,  of  great  value  to  Bessemer 

kfl,  by  its  being  eminently  adapted  to 

op  all  their  scraps,  spillings  and  cut- 

8  m  the  most  advantageous  manner  that 

be  imagined. 

"he  greater  the  progress  and  the  exten- 
I  of  the  manufacture  of  Bessemer  rails 
Bessemer  tyres,  the  greater  importance 
.  the  Martin  process  acquire,  because  it  is 
pied  and  necessary  to  work  the  old  ma- 
lals  up  again. 

?he  Martin  process  cannot  directly  make 
ood  steel  from  inferior  pig  iron.  The 
iron  it  uses  as  such  must  be  pure.  But 
an  ose  to  about  equal  advantage  gray 


iron,  spiegeleisen  or  white  iron.  Spiegel- 
eisen,  which  plays  such  an  important  part  in 
all  the  branches  of  steel  manufacture,  is  also 
in  the  Martin  process  of  a  very  high  value. 
The  results  obtained  with  it,  when  used  for 
the  first  bath  in  the  Martin  charge,  were 
astonishing,  the  products  combining  a  great 
natural  hardness*  and  solidity,  with  a  high 
degree  of  toughness. 

A  Martin  fiimace  can  be  worked  together 
with  puddling  furnaces  to  great  advantage, 
in  which  case  a  separate  heating  furnace  can 
be  dispensed  with.  The  iron  in  the  puddling 
furnace  can,  immediately  after  the  boil, 
be  taken  into  the  Martin  bath.  This  way 
of  operating  presents  an  excellent  opportun- 
ity for  the  use  of  chemicals  to  purify  and 
improve  the  products.  For  the  pasty  con- 
dition of  the  puddled  iron,  before  being 
balled,  makes  it  well  adapted  to  be  mixed 
with  all  kinds  of  chemical  re-agents,  which 
afterwards  come  in  very  intimate  contact 
with  the  steel  bath  when  the  iron  is  thrown 
into  it.  Martin  has  made  extensive  experi- 
ments in  this  direction  with  remarkable  suc- 
cess, especially  in  working  inferior  brands 
of  pig  iron.  This  process  offers,  in  general, 
greater  facilities  for  the  use  of  chemicals 
than  any  other  method  of  making  steel,  and 
is  therefore  highly  capable  of  being  im- 
proved and  perfected  by  new  inventions, 
which  quality  still  more  insures  its  future 
importance.     S. 

RAILWAY  DISASTERS-THE  CAUSK 

Taking  the  verdict  of  the  Coroner's  jury 
in  the  late  Long  Island  Railroad  disaster  as 
a  text — a  broken  rail — "The  Engineer'' 
observes  that  such  casualties  in  America  are 
usually  attributed  to  bad  Welch  rails,  ad- 
mits that  much  very  bad  iron  has  been  sent 
us  thence,  and  concludes,  first,  that  it  is 
*'  criminal "  for  American  managers  to  buy 
iron  that  they  know  to  be  unsafe,  and,  2d, 
that  American  rails  are  ''  ill  used."  This 
authority  further  says : 

The  exceptionally  evil  influences  to  which 
track  is  subjected  in  America  may  be  classed 
under  two  heads ;  defects  in  the  method  of 
laying,  and  defects  in  the  rolling  stock.  And 
here  we  may  add  that  bad  rolling  stock 
causes  quite  as  many  accidents  in  the  States 
as  bad  track. 

As  regards  defects  in  the  method  of  lay- 
ing, it  will  suffice  to  state  that,  with  excep- 
tion of  a  few  first-class  lines  on  which  acci- 
dents rarely  occur,  ballasting  is  nearly  un- 
known.    The  consequence  is  a  continually 
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recurring  irregular  subsidence  of  the  line, 
wliioh  renders  it  impossible  that  tbo  rails 
can  be  equally  supported  at  intervals  tli rough- 
out  their  length.  In  many  c^ses,  it  h  cer- 
tain that  doublu  the  proper  diistance  practic- 
ally intervenes  between  chair  and  chair,  or 
sleeper  and  sleeper,*  We  need  not  8top  to 
point  out  how  severe  a  striyn  this  throws  on 
the  rails.  Furthermore,  fishing  is  almost 
unknown,  and  rails  are  laid  so  badly,  and 
keyed  into  the  chairs  after  so  wlovenly  a 
fashion  t  that  they  are  exposed  to  a  great 
deal  of  unnecessary  pounding  and  hammer* 
ing,  sufficient  under  the  circumstances  to 
deteriorate  any  rails.  If  the  substructure 
of  American  roads  were  better  we  should 
have  fewer  complaints  regarding  the  bad 
quality  of  superstructure,  that  js,  of  the 
rails. 

We  have  said  that  defective  rolling-stock 
contributes  to  the  destruction  of  rails  in 
America,  and  we  may  repeat  that  it  is  quite 
as  fruitful  a  source  of  dijmstcr  as  the  bad 
quality  of  rails.  We  constantly  rend  in  the 
American  papers  of  fearful  catastrophes  due 
to  the  bursting  of  track.  In  the  great  ma- 
jority of  eases  rails  in  the  States  are  broken 
laterally,  not  vertically.  Now  it  is  claimed 
for  the  American  bogie  car  that  it,  beyond 
all  other  machines,  runs  lightly.  How  is  it, 
then,  that  track  is  so  often  burst  ?  How  is 
it  that  deraMment  is  no  couimon  an  occur- 
rence in  the  Htates  ?  We  are  always  told 
that  the  fault  is  in  the  track»yet  it  has  been 
proved  over  and  over  again  that  the  track 
was  good  and  sound,  and  that  no  ordinary 
violence  must  have  been  exerted  to  break  it. 
All  this  while,  too,  no  one  has  questioned 
the  merits  of  the  American  car,  with  its 
bogie  at  each  end ;  yet  in  this  system  of  con- 
structing rolling-stock  there  is  reason  to  be- 
lieve that  the  seat  of  much  of  the  mischief 
lies.  The  Willow  Tree  accident  supplies  us 
with  a  case  in  point.  After  carefnjly  peru- 
sing the  evidence,  we  are  led  to  the  eonelu- 
siou  that  the  verdict  we  have  recorded  above 
is  wrong;  and  one  juror,  Mr.  Pearsall,  after 
the  rendition  of  the  verdict,  read  the  follow- 
ing statement  as  his  positive  belief  in  the 
matter : 

**A8  one  of  the  Jurors  sworn  to  inquire  into  all 
the  frtcts  aud  ctrcuniHtauc^^s  atteudmi^  th«  (lesif  hs  of 
Williara  C.  RuHhmorc,  &c.,  1  do  find  that  the  siiid 

*  This  U  a  vcr/  uQiieiml  dvtcoi  in  AiiiorioAn  Lrftck. 
Ibdood,  sleepers  ure  often  liiid  too  clofu  for  proper 
Umj>iijg Ei>. 

t  Tbsii  in  tQ  sAy,  net  keyed  Into  the  chaira  %t  aII, 
Iba  cb»ir  boiiifpt  ia  u)v«l  oft«Otf,  m  mere  rodtiiis  for  tbo 
♦•11  obO*.— Ed. 


persoiw  came  to  their  death*  frr»i 
the  car  ia  which  I  hey  wt  r 
I  thrown  from  the  track, 
in  the  e4iRe  I  am  tmiiblL:  i,  _. —  .. 
the  ttocideut." 

And  he  and  other  juror*  added  < 
could  not  find  anything  jH?culiarlyi 
in  the  road^  or  likely  t^  h 
There  ajtpearH^  indeed,  tu 
ever  that  the  car  which  lett  tL 
firsts  ran  for  more  than  a  huti 
the  sleeperf*,  and  then  hr- 
such  circumatanees,  it  is  «' 
say  that  the  had  (juality  of  the  rtul  vdi 
thing  to  do  with  iho  catastrophe* 

The  fact  is,  that  bogies,  as  oftoi  ltl«l( 
American  railway  carriages — we  htf^ 
**  cars '' — are  very  liable  to  get  of  li*! 
It  is  not  unusual  to  make  the  wheel  T 
each  bogie  shorter  than  the  dieitnncc 
the  rails.     The  conseqnenv  '       ihcl 

runs  with  a  i^inuoui*  nu>\ 
jostling  right  and  left,     1  •m 

are  not  always  properly  in 
and  thus  a  coni^tant  tend 
one  side  of  the  bogie  to  'nr 

The  cars   are  not  coupled  up  tight  ii 
train  as  with  us,  and  they  therefora 
steady  the  wandering   bogie,     No  0110  J 
of  the  train  i^  a  check  on  the  reiit,  aaii 
fore  tho  chances  of  derailment  aro 
multiplied.     We  need  h:r"-     '  *  • 
out  how  severely  the  **  v 
of  short  bogies  stuck  at  rat  1 
mendouslj'  long  carriage,  it.'^ 
must  try  the    lateral  strci 
Yankee  engineers  are  di 
our  four-wheeled   car 
behind  the  age.     W\ 
find  it  worth  while  just  to  tr 
rolling  stock  for  a  while.     Tlf'_ 
thing  to  learn  yet  at  the  other  »]de  d  ^ 
Atlantic  from  Euglissh  engineer?*. 

In  oonclu?iion,  wc  may  jstale  th^t  a  \tiUr 
on  the  Willow  Tree  accident,  writtra  h  i 
Mr.  Wood,  ha«  recently  appeared  b  l^ 
**New  York  Times/*  which  hr  *  — '■'" 
testimony  to  the  cngency  of  l 
arguments,  as  will  be  seen  by  tht 
extracts : 

**  As  a  reHtilt^nl  hitidtHl  prof 
permit  me  to  write  a  few  wd^ 
The  Iruf  solution  of  the  njAlttr  in  timi  ihr  •F**"vf 
wn9  guing  «t  onusufti  ^te**H    .irut  thr  bo«i<af^^ti* 
Irttfd  from  the  trai  1  Hllafi 

the  sleepers  »«  it  v  rfl  v| 

ened  ii  rail  wh'  ^    ■ 
\u  the  truck- 
urge<!  on,  hcrji    .  ,.,..  , ,^ 

*'  Th€  irut  rtmedy/or  wutk  «i<tAapi  Ufnftrmr 
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ickatthe  English  have,  or  better  stilly  MH- 
itomatic  coQpling,  used  by  the  Eric  aud  other 
ompanies.  Uorrible  as  was  the  loss  of  life, 
til  it  was  no  woree  mider  the  circum^t^iricuii; 
ft/  more  efftctwe  meane  of  retaining  the  can 


track  v/hen  mnning  at  high  epeed  be  adapted . 
ill  periodically  occur,  though  I  IxjHove  the 
B  and  is  aggravated  on  the  Long  Islaad  Rail* 


r  bad  spiking,  inferior  iron,  deficifMit  ties,  and 
[ung  of  the  work  generally.'' 

he  Engineer  "  is  obviously  not  aware 
be  spread  truck  is  usually  employed, 
than  the  short  truck,  the  defect  of 
it  correctly  points  out.  Tbe  merits  of 
«rly  constructed  truck,  an  compared 
i  wheel-base  the  entire  length  of  a 
e  evident  on  mechanical  principles,  and 
s  this,  they  have  been  proved  on  the 
ian  lines  where  the  two  sysi^teius  have 
used  side  by  side.  But  the  dangers 
I  from  unmatched  wheels,  and  ei^pe- 
from  the  want  of  the  close,  tight  coup- 
r  car  to  car,  are  very  great,  and  should 
re  seriously  and  widely  considered  by 
.ilway  managers. 


ffiON  FOUNDING. 
riNO  IN  OR  on"  to  thk  same  or 

>THER    METALS CONSTRUCTION  OF 

JIES   AND   RAILINGS. 

m  «The  Praotioal  Moobanio*8  Jonrnih^^ 

en  we  say  other  metals,  we  praetieally 
cast  iron,  wrought  iron,  or  steel,  for 
er  metals  occurring  on  the  large  scale 
arts  have  fusing  temperatures  ^uuh  as 
of  the  processes  about  to  be  referred  to 
applied  to  them.  Occasionally,  though 
,  a  few  substances,  not  mctallie^  may  be 
)8  usefully  treated,  by  the  methods  of 
ing  in  or  on  " — for  example,  grit-»touo 
cks  of  emery  might  be  run  round  with 
ron  so  as  to  unite  these  into  large 
ng  plates  or  cylindric  surfaces  and  the 
but  these  are  out  of  our  way  just  now. 
enever  liquid  cast  iron,  of  whatever 
18  brought  into  contact  with  a  eompar- 
f  cold  surface  of  good  conduetitxg  ma- 
it  is,  as  we  have  already  ^ei^n,  more 
i  '*  chilled  ;*'  its  texture  is  altered,  its 
ess  increased  with  its  absolute  cohe- 
but  its  toughness  diminished.  This 
I  more  or  less  whenever  a  piece  of 
ht  iron,  or  of  steel,  or  of  cast  iron,  cold 
.  moderately  heated,  is  laid  into  a  sand 
jn  mould,  and  the  liquid  iron  which 
tie  mould  comes  into  contact  with  it. 
Tsely,  the  wrought  iron  or  the  steel 
3ven  less  completely,  and  with  somc- 

VoL.  T.— No.  8.-47. 


what  different  conditions),  the  caat  iron  with. 
which  the  liquid  cast  iron  has  been  brought 
into  contact,  and  with  which  it  has  to  oool 
liilQwly,  and  at  the  same  rate,  have  their 
molecular  status  changed  also.  The  wrought 
iron  lo^es  in  ultimate  cohesion  and  likewise 
in  toughnea.«t,  and  new  crystalline  arrange- 
ments are  formed  within  its  mass,  whieh,  on 
the  whole,  deteriorate  it  as  a  structural  ma^ 
teriaL  Changes  of  like  character  are  pro- 
doeed  in  steel,  but  not  to  the  same  extent, 
and  tend  rather  to  the  enlargement  of  its 
constituent  crystals  than  to  materially  in^ 
jure  it  ad  a  structural  substance. 

Theory  alone  would  thus  appear  to  place 
its  ban  upon  any  such  operation  as  ''  easting 
in  or  on,*^  and  in  some  cases  the  verdict  of 
mere  theory  would  be  approved  as  true,  in 
its  application  to  practice.  Yet  there  are 
very  many  cases  occurring  in  the  every  •day 
work  of  the  iron-founder  and  meehanieal 
engmeer,  in  whieh  the  convenience  and  the 
economy  of  this  method  of  uniting  the  met- 
als are  so  great,  and  the  ohanges  induced 
upon  both  so  unimportant,  that  theory  is 
wisely  overlooked  or  overridden  in  praotice. 
Before  alluding  to  some  of  these,  let  us  take 
a  glance  at  some  of  the  cases  in  which  theory 
Qughi  to  be  our  guide  here,  and  in  which 
the  neglect  of  it  ut  nearly  certain  to  bring 
the  praetieian  to  grief.  This  will  be  the 
case  whenever  it  is  important  that  the  full 
aud  undiminishad  strength  and  toughneis  of 
both  metals,  the  wrought  iron  and  the  ca^it 
iron,  should  be  preserved. 

The  **  crucial  instance  '*  of  a  case  in  which 
this  is  indispensable  may  be  said  to  be  found 
in  the  eon±4truction  of  artillery,  machines  in 
which  every  particle  of  the  constituent  mate- 
rial is  simultaneously  strained  in  three  direc- 
tions at  right  angles  to  each  other,  and  by 
force  suddenly  or  impukivcly  applied,  and 
always  so  great  as  to  bear  a  large  ratio  to 
the  ultimate  or  crippling  strain  of  the  metal. 
Here,  then,  of  all  others,  is  the  case  in  whieh 
^^  casting  in  "  should  have  been  avoided.  Yet 
the  method  of  making  oannon  by  easting 
bronze  or  cant  iron  round  a  wrought  iron  or 
steel  interior  tube  has  been  again  and  again 
proposed  and  often  tried.  In  the  older  days 
of  iron  metallurgy,  when  these  subjects  were 
less  distinctly  understood,  and  when  want  of 
good  tools  gave  some  strong  inducements,  on 
economic  grounds  this  method  was  excusable. 
The  very  same  proposition  has  been  but  re- 
cently revived,  however,  by  Major  Palliser ; 
and  it  was  not  before  a  large  gun  was  blown 
to  pieces  at,  we  believe,  the  first  round,  at 
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Woolwich,   that  the  inventor,  with  iniinite 

candor,  publicly  declared  that  thenceforth 
he  abandoned  his  method  (which  was  not  his, 
in  fact),  and  conceded  hij5  adhesion^  when 
too  late»  to  the  indications  of  theory.  We 
are  not  always  called  upon  to  provide  for 
Buch  strains  as  cannon  are  exfiosed  to,  but 
whenever  the  strains  upon  any  machine  or 
structure  are  severe,  and  especially  when 
they  are  impulsive,  we  shall  do  well  to  avoid 
*'  casting  in." 

Yet  cases  continually  occur  in  practice 
where,  even  upon  a  very  large  scale,  this 
method  of  combining  the  metals  by  laying 
the  wrought  iron  into  the  mould  and  casting 
the  cast  iron  round  it,  may  be  practiced  with 
advantage  and  safety. 

Thus,  for  example,  in  some  of  the  great 
iron  latticed  viaductt*  upon  the  Comnionlry 
and  Gannat  branch  line  of  the  great  Orleans 
system  of  railways  in  Franco,  Mr.  Nordling, 
C.  Em  the  engineer-in-ehiet  ha,%  adopted  the 
suggestion  made  to  him  by  M.  Eifiel,  the 
founder  and  contractor  ftir  the  iron-work  of 
La  Sioule  Viaduct,  and  has  united  the  cor- 
ner or  gusset  plates  uf  wrought  iron  with  the 
cylindrical  columns  or  shafts  of  the  iron 
piers  (which  are  of  vast  altitude),  by  casting 
the  former  into  the  cast  iron  of  the  columns. 
The  success  of  the  process  appears  to  bo 
complete  in  this  instanee.  Here  the  mass 
of  cast  iron  in  immediate  contact  with  the 
wrought  iron  is  relatively  large.  There  is, 
therefore,  no  very  serious  deterioration  pro- 
duced in  the  cast  iron,  which  is  the  metal 
the  more  obnoxious  to  injury  of  the  two ; 
and  on  the  other  hand,  the  margin  of  safety 
allowed  in  all  parts  of  these  structures,  and 
more  particularly  in  the  mass  of  these  gusset 
plates,  admits  of  some  deterioration  in  the 
wrought  iron  constituting  them,  without  run- 
ning any  risk. 

To  pass  to  the  other  extreme  in  point  of 
dimension,  we  see  this  method  in  continual 
use  amongst  the  founders  of  ornamental  eavst- 
ings,  such  as  light  balusters,  balcony  panels, 
&o,,  into  the  sand  moulds  for  which  are  laid 
short  pieces  of  iron  rod  or  wire,  which,  when 
"oast  into"  the  extremities  of  these  cast- 
ings, become  the  means  by  which  they  are 
united  by  screw  nutting  or  by  riveting  with 
the  hand-rails  and  other  parts  of  the  arcbi- 
tectural  structures  into  which  they  enter. 
Here,  as  both  cast  and  wrought  iron  are 
BimiU  in  scantling,  and  the  subscrjuent  strains 
are  small,  some  loss  of  strength  or  toughness ( 
can  be  afforded  in  consideration  of  economy. 
Our  chief  aim  now  18  to  point  out  how 


largely  and  advantageoasly  tkts  iuflth«( 
have  its  nse  extended,  and  to  pr%{ 
examples.  Let  us  first,  howevtr, 
ciome  degree  to  theory,  and  in  the  vi|i| 
correcting  a  very  prevalent  ♦rruf 
many  who  might  be  prcMUj. 
ter,  iw  to  what  can  he  lI:  . 
method  of  casting  in.  It  lia*  l>eiin  sa| 
over  and  over  again  that  adduional 
and  tough iics«  may  be  conferred  o 
ings  in  iron,  by  including  in  their  ii 
wrought- iron  skeleton,  which  th«  taai. 
when  run  around  it,  shall  clothr  with  i 
as  the  flesh  encloses  the  bones  of  an 
Thus,  to  quote  but  one  example,  hm- 
years  ago,  in  the  early  days  of  railwiji, 
late  Mr.  George  Forrester,  of  V 
Foundry,  Liverpool,  patented  a  meUrnd 
making  improved  cast-iron  wherU  for 
way  wagons,  by  riveting  or  welding  to^i 
in  a  rough  and  cheap  way,  a  sort  of  §k/Wl4i 
wrought-irou  wheel.  This  was  tinnctl  <r 
galvanized,  and  after  having  been  wvmod, 
wiw  laid  in  the  dry  sand  mould,  and  the  ctH- 
iron  wheel  was  poured  and  formed  aroQiid  H. 
Such  wheeb,  proved  admittedly  lo  U  w 
better  than  if  simply  of  cast  iron,  prvbaUi 
were  not  nearly  as  good  as  a  wcn-ii»4* 
American  chilled  rim  cast-inm  wh^d,  Mtti 
probably  were  in  reality  rather  worwj  ilm 
the  same  cast  wheels  would  have  l»cea 
their  wrought-iron  bonca*  It  niay| 
eeptcd  as  a  fact,  that  no  real 
strength  can  be  thus  attained  io  any 
if  the  cast  iron  be  good  soft  gray  or 
metal ;  inasmuch  as  the  extcusion  prr 
per  inch  of  such,  is  actual!  r  tJ 

that  of  wrought  iron  for  the 
so  up  to  that  limit  at  least  the  \Uiulc  *tnMi 
will  come  upon  the  one  material  only.  M|oil 
by  the  slight  surface  adhesion  of  " 
Both  materials  also  are  in  a  Mate  ol 
strain  more  or  less,  dopcndt^nl  u 
diverse  coefficients  of  con  traction  and 
differences  of  temperature  at  the  Instiat 
eonsolidatirpQ  of  the  east  iron.  If,  again, 
cast  iron  be  rigid  and  harsh,  while  or  chiiW 
or  light  mottled  iron,  then  the  whole  fiiua 
is  one  of  the  two ;  and  so  the^te  wh^oU 
made  hard  enough  to  have  a  tolembly  vii 
wt'aring  rim  or  tread,  might  break  ill 
pieces,  and  all  that  the  wrought-irou  aketf^i 
inside  could  do  would  be  more  or  h^^  inii 
fectly  to  hold  the  fragments  I  ^  ' 

A  remarkable  and  not  uninstr 
of  this  WAS  seen  in   l^li?  at   i'aris,  d 
Great  Exhibition  eoni<ji!»t  bctwcra  the  i  .< 
safes  of  Mr,  Herring  and   Mr,  Chat*  -i 
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former  mftker  fills  the  space  between 
>ater  and  inner  wrought-iron  or  steel 
8  of  his  safes  with  a  plate  of  intensely 

Franklinite  iron,  poured  in  while  in 
B.  This  is  so  hard  that  it  cannot  ue 
id  by  ordinary  means,  but  it  is  also  ex- 
ely  brittle,  more  so,  apparently,  than 
>rdinary  white  or  chilled  iron.  As  an 
ed  remedy  for  this,  the  Franklinite  was 

upon  or  around  a  sort  of  network  of 
li  wrought-iron  cylindrical  rods  of  about 
ich  diameter,  and  it  was  affirmed  that 
i  conferred  upon  their  hard  and  brittle 
londines  their  own  toughness.  When, 
iTer,  plates  of  this  combined  material 

broken  up,  which  a  few  blows  from  a 
J  hand-hammer  were  enough  to  effect, 

proved  just  as  brittle  as  ever.  The 
cated  fragments,  it  is  true,  or  some  of 
I,  hung  together,  though  more  or  less 
rated,  bv  means  of  the  reticulation  of 
b  wrought-iron  wires,  and  whose  tough- 
did  not  in  this  instance  seem  to  have 
red  much  change ;  but  the  plate  as  i 
e  broke  up  readily  as  before,  and  ad 
sd  of  fragments  being  beaten  out  of  it. 
I  Mr.  Kirkaldy's  museum  at  his  testing 
18,  Southwark,  is  a  heavy  cylinder  of  cast 

of  very  fine  quality,  in  the  middle  of 
b  is  seen  a  very  heavy  concentric  cylin- 
d  bar  of  rather  rigid  wrought  iron,  cast 
it.  The  original  proprietor  of  this  nota- 
tompound  bar,  of  whom  we  know  nothing, 
»pears  brought  it  to  be  tested,  and  re- 
ted  that  the  proof  should  be  only  carried 
o  some  few  tons  per  square  inch,  the 
ration  being  that  the  cylinder  was  of 
i  secret  and  improved  cast  iron.  Arrived 
his  limit,  the  extensions  appeared  so 
age  to  the  experienced  eye  of  Mr.  Kirk- 
,  that  he  resolved  to  go  on  a  Voti trance, 
so  broke  or  pulled  the  cylinder  in  two, 
a,  to  the  disgrace  of  some  **  person  or 
ons  unknown,  the  big  wrought-iron  bar 
discovered  in  the  middle.     It  was  this 

in  fact,  that  was  bearing  nearly  all  the 
in  for  the  firfet  few  tons,  and  the  cast  iron 
n  broken  showed  itself  no  better  than 
mon.  It  was  creditable  to  the  experi- 
iter  to  have  thus  detected  a  disgraceful 
mpt  at  a  guohi  scientific  fraud,  but,  be- 
8  the  moral,  we  may  draw  also  the  phys- 

lesson  which  we  have  been  otherwise 
ilcating,  from  the  result. 
Ve  thus  may  take  it  for  granted  that  no 
'ease  of  resistance,  of  any  industrial 
le,  at  least,  can  be  secured  by  trying  to 
ibine  cast  iron  and  wrougt  iron  or  steel. 


by  casting  in,  or  one  within  the  other.  The 
advantages  of  casting  in  are  limited,  in  real- 
ity, to  economy,  rapidity  of  execution,  and 
convenience.  We  shall  see  that  incident- 
ally, however,  in  the  case  of  wrought-iron 
structures,  such  as  iron  railings,  or,  as  our 
French  readers  will  better  understand, 
grilles,  certain  additional  advantages  are 
secured. 

The  two  following  examples  will  at  once 
illustrate  the  methods  of  practically  employ- 
ing the  ** casting  in  or  on"  process,  and 
point  out  two  of  the  chief  classes  of  manu- 
factured objects  to  which  the  process  may 
with  most  advantage  be  applied.     We  shall 
take,   first,  the  patent  secured  some  years 
ago  by  Mr.  David  Moline,  for  a  method  of 
producing  window  sashes  or  frames  by  com- 
bining wrought  iron  with  cast  iron.     The 
**muntins'*  of  these  sashes  are  formed  of 
rolled  wrought-iron  bars  in  any  of  the  usual 
rabbated  sections  fitted  to  receive  the  glass. 
These  are  cut  or  shorn  off  into  appropriate 
straight  lengths,  equal  nearly  to  the  straight 
(or  curved)  sides  of  the  panes.     An  iron 
pattern  moulds  the  entire  sash  in  the  sand ; 
when  it  is  withdrawn,  these  straight  pieces 
of  iron  sash-bar  are  laid  into  their  respective 
places  in  the  sand  mould  so  that  their  ends 
approximate,  four  such  coming  together  at 
each   intersecting  point,   if  the  sash   have 
square  or   rectangular   panes.     A   boss   or 
patera  is  moulded  at  each  such  intersection, 
ornamented  or  not,  but  of  sufficient  size  to 
embrace  the  four  disconnected  ends  of  the 
wrought-iron  bars,  and  when  cast  in  iron,  to 
solder   or   unite   these   together   into   one. 
These   bosses   are    then   "poured,*'    either 
simultaneously  by  the  aid  of  a  compound 
** runner,*'  or  one  or  more  at  a  time;  the 
sash  is  then  complete,  all  the  loose  pieces  of 
"  muntin  "  being  so  united  together.     They 
are  extremely  strong,  may  be  made  very  or- 
namental,   and   have   immense   advantages, 
both  in  manufacture  and  in  use,  over  the 
older  sashes  wholly  of  cast  iron,  in  casting 
which  it  was  always  extremely  difficult  to 
preserve  a  light  and  large  "muntincd  "  sash 
free  from  bending,  distortion,  or  fracture  of 
some  of  the  *'  muntins  "  while  cooling,  and 
the  whole  affair,  if  large,  was  so  fragile  as 
to  scarcely  bear  transport,  and  to  offer  no 
resistance  to  violence. 

The  older  and  wholly  wrought-iron  sashes, 
on  the  other  hand,  in  which  the  ''  muntins  " 
intersected,  and  were  united  by  **  halving  " 
or  riveting  to  each  other,  were  neither  neat 
nor  cheap. 
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ExcelleBt  exaroplea  of  those  improved 
sashes  may  he  eeen  in  the  windows  of  the 
Ludgate  Hill  Station  huildings  of  the  Lon- 
doii»  Chatham  and  Duver  Kailway  Station, 
in  the  front  of  the  new  Co  vent  Garden  The- 
ater, and  in  many  other  places  in  London. 

Casting  wroughl-iron  pieces  together  in 
this  sort  of  way  is  plainly  not  confined  to  the 
production  of  tiashen.  in  fact,  it  ha^  been 
employed,  witli  excellent  effect,  by  Mr, 
Thomai^  Page,  C*  E-,  in  the  production  of 
two  or  three  different  chwses  of  wrought- iron 
trellis  railing,  or  fcnce^  at  the  Chelsea  Sua- 
pcnsion  Bridge,  London,  and  its  use  in  this 
direction  might  be  largely  extended  with 
advantage. 

The  other  example  to  which  wo  shall  refer 
ift  that  of  the  grand  line  of  grilh  or  railing 
which  extends  for  about  1,600  feet  in  a 
straight  line,  and  forms  the  northern  side  of 
Nassau  street,  in  Dublin,  separating  that 
from  the  park  of  Trinity  College,  This  was 
designed  by  and  executed  under  the  direc- 
tion of  the  writer.  It  consists  of  a  succes- 
Bion  of  cast-iron  perforated  pilasters,  of  orna- 
mental open  work  and  work  in  relief,  with 
caps  and  bases,  and  sustained  by  two  scrcdl 
struts  at  the  rear,  at  intervals  of  about  50 
fcetp  These  are  **  cramped,'*  i.  e.  run  with 
an  alloy  of  lead  and  zinc,  into  the  granite 
continuous  base.  The  spaces  between  these 
are  filled  up  by  the  grille,  consisting  of  a 
flat  wrought- iron  borizoittal  top  and  but  turn 
bar,  each  in  one  length »  of  upright  round 
bars  of  wrought  iron,  and  of  cast-iron  orna- 
ments cast  on  to  the  same,  which  here  form 
atnictural  parts  of  tlie  work. 

In  the  production  of  this  large  quantity 
of  railing,  not  a  single  piece  of  wrought  iron 
was  ever  heated  or  put  into  the  smith's  tire. 
The  top  and  bottom  bars  were  rolled  to  the 
right  length,  and  punched  cold — the  top  one 
With  H-inch  holes,  all  to  let  the  vertical 
bars  pass  through  them  ;  the  bottom  one 
with  five  successive  holes  of  g  diameter,  and 
then  one  of  1\  diameter^  alternately.  The 
round  bars  were  ordered  in  two  different 
lengths,  five-sixths  shorter  (about  7 J  ft.), 
and  one-sixth  of  them  longer.  Every  sixth 
Vertical  bar  passes  through  both  the  top  and 
bottom  horizontal  bars,  and  for  nine  inches 
into  the  granite  base,  into  which  it  is  stinco- 
leadcd,  the  lower  end  of  the  vertical  bar 
piiHHiug  through  a  hollow  cusp,  or  foot-block, 
ujMfU  the  top  of  which  the  bottom  bar  rests. 
The  shorter  bars  are  riveted  cold  through 
t  iho  bottom  side  of  the  lower  horiton- 
aod  pass  through  the  npiicr  one,        | 


All  the  vertical  bara  being  pr^ar4i 
straightened  perfectly  hj  hand,  the  uu^-tadk' 
longer  being  mere  round  bars  of  the  j^ 
length,  and  the  fiye-sixth^  ^cirte?  witli  ikt 
bottom  and  neck  collars,  were  tbe&  hiii  i 
sand  moulds,  in  batches  of  twelve  tai  < 
*'  box  ;*^  and  the  bottom  and  t«p  or 
being  moulded  from  hollow  iron 
made  to  lit  the  wrought-iron  pattcvu 
and  to  keep  their  proper  plac^Mi  mad  1 
dii^tances  by  means  of  ^'  nf,  wc9v  Jim  ' 

*' cast  on  ^' to  them.     T  <  uamcoti  tal 

then  the  bottom  ones  of  c&ch  ba^h  <it 
bars  were  ** poured"  simaltaneoa-i, 
the  sand  was  at  once  ntrip[>od  off;  like  hm 
being  all  .separately  taken  oat,  and  iht  dk 
*^gateij''  kncK^ked  off,  which  way*  all  lb 
dressing  these  oniament*  retjuirtHl, 
deed,  admitted  of;  for  though  ca^t  fnmi 
gray  pig,  they  were,  by  re»MJu  of  their  ( 
relative  volume,  fiuitu  chilled  througli.  \aj 
few  broke  in  cooling ;  very  few  were  Ind 
castings— and  these  were  brtiken  nff  froi 
the  bar  by  a  blow  or  two  of  a  h&nituer,  skI 
again  others  cast  on.  The  hollow  w 
(as  to  design)  halbert  beads  whieh 
the  railing  at  top,  were  ca.^t  in  moi  ml, 
and  cored  to  drop  tm  loosely  to  the  Ujf  fioii 
I  of  the  vertical  bars,  and  so  .idmit  uf  WW 
zinco-leaded  on  to  the  sam< 

Now,   to  erect   this   rails ng,    iur 
bars  were  put  into  position,  with  th< 
horizontal   bar^  all    laid   fiat    inf 
framing  made  to  keep  thcni  in   i 
to  clamp  them  so,  until  the  wh^ 
hoisted  into  place.     All  the  b« 
the  collared  bars  were   then  ri\ 
bottom  horizontal  bar.     The  ** . 
in  place  over  the  holes  "j- 
granite  base,  the  whole  she- < 
hoisted  up  by  two  tackles,  and  thi 
bars  dropped  through  the  '*  tJU'*p«'*  ii 
holes  in  the  base,  the  ends  of  the  bor 
bar  being  inserted  into  the  morf-  ■ 
pilasters,     in    which    they    wcr- 
though  free  to  expand  and  chmi 
these.     The   top    hurizoutal     h\ 
dropped  over  the  tops  of  the  vvr 
bars,  until  it  rested  upiou  the  upi 
of  the  top  **  cast-on**  ornaments.      I 
bert  heads  were  then  drcipped  *tvrr  v. 
jecting  tops  of  the  vertical  bari 
bars,  which  were  in   the  holes    i 
base,  were  zinci>-lcaded  into  same;  t 
herd  heads  were  likewise  so  »ecurn' 
tops  of  the  vertical  bars,  and  tht  r 
of  railing  was  complete.     A  ser- 
corresponding  with    those  «f  t 
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Vn  secured  at  the  middle  of  each  length,  so 
dttt  there  are  thus  struts  at  every  fivc-and- 
IteDtj  feet,  or  thereabouts.  If  we  have 
neeeeded  in  making  clear  to  the  reader  the 
■roeeiMes  followed,  he  will  have  recognized 
tow  small  was  the  amount  of  workmanship 
expended  in  the  production  and  erection  of 
tku  railing.  In  reality  it  did  not,  upon  the 
vroQght-iron  portion,  amount  to  more  than 
aboat  408.  per  ton  of  the  material. 

The  entire  economy  here  was  due  to  the 
ipplicatiou  of  the  method  of  **  casting  on," 
Tor  that  alone  permitted  of  all  the  other 
itmctural  details  being  carried  out. 

One  great  advantage  resulting  from  this 
method  of  construction  is  the  possibility  of 
lupeiising  with  '*  leading  on  "  the  cast-iron 
imamenta  as  commonly  practiced.  80  put 
JD,  every  lead  collar  is  an  electro-negative 
nJvanic  element,  increasing  the  tendency  of 
ihe  iron  to  rust,  and  causing  the  corrosion 
;o  be  local  and  locally  powerful.  With 
nany  designs  it  would  be  practicable  to  dis- 
pense with  the  use  of  **  cramping  "  or  lead- 
ing altogether.  With  that  we  have  described 
;hiif  mignt  have  been  done,  at  a  little  greater 
sxpense. 

The  writer,  however,  had  proved  experi- 
nentally  that  an  alloy  of  zinc  and  of  lead 
may  be  formed,  whose  galvanic  relations  to 
iron  are  much  more  nearly  those  of  zinc 
itself  to  iron,  than  those  of  lead  to  that 
metal,  and  in  fact  such  as  not  to  cause  any 
Tear  ^m  its  local  increase  of  corrosion  on 
khe  iron  of  railing.  This  alloy  he  adopted 
in  place  of  lead,  for  what  he  has  called  the 
linco-leading  or  "  cramping  "  together,  and 
tbe  result  has  justified  his  experimental  pre- 
nsions,  for  after  twenty-six  years,  and  not 
more  than  four  coats  of  dark  green  paint 
luring  the  time,  there  are  no  signs  of  local 
Dorrosion  whatever.  Zinc  itself  would  be 
best  of  all  as  a  '*  cramping  "  metal,  but  it 
mns  too  thick  and  drossy  to  form  a  close  or 
lafe  junction. 

In  some  ornamental  railing  recently  erect- 
ed at  Westminster,  the  uprights  are  secured 
iriihout  leading  to  the  granite,  by  iron  studs 
ind  screws  and  by  Portland  cement.  This 
is,  however,  a  baa  plan  ;  one  may  say  *^  out 
of  the  frying-pan  into  the  fire,"  for  the  bond 
of  the  thin  plate  of  Portland  cement  is  cer- 
tain to  be  broken  by  the  expansion  and  con- 
traction of  the  metal,  and  then  water  will 
Knd  its  wav  in  by  capillarity,  rust  will  form 
between,  this  will,  as  usual,  expand  in  vol- 
une  as  compared  with  that  of  the  metal  from 
which  it  has  been  produced ;  and  the  railing 


will  be  lifted  up  or  the  base  claws  broken 
by  it,  or  by  the  expansion  of  water  frozen 
between  the  joints  which  it  shall  have  en- 
tered. 

The  points  upon  which  we  have  here  been 
treating  are  wholly  those  of  the  practical 
ironfounder,  and  of  the  founder  in  one  of 
his  humblest  capacities,  namely,  as  the  ser- 
vant of  the  architect  and  builder.  It  is  to 
be  hoped  that  enough  has  been  put  before 
the  reader  interested  in  the  founder's  art, 
however,  to  impress  upon  his  mind  the  ad- 
vantages he  may  occasionally  derive  from 
the  method  of  **  casting  on,"  and  to  indicate 
the  cases  in  which  and  why  it  should  be 
shunned,  and  also  some  of  those  in  which  it 
may  be  employed  with  a  value  and  profit 
proportionate  to  the  skill  devoted  to  its  spe^ 
cial  adaptation. 


HISTORY  OF  DECARBURIZING  IRON. 

No.  V. 

MALLEABLE  IRON  AND  STEEL  SCRAP  AND 
CAST  IRON  MIXED  AND  PUDDLED — 
ALSO  ALLOYING  OTHER  METALS  WITH 
IRON. 

Stirling,  John  Davie  Morribs. — 
1848.    October  12.     No.  12,288. 

"  Improvements  in  the  manufacture  of  iron  and 
metallic  compounda."  The  patentee,  after  refer- 
ring to  his  letters  patent  of  June  29,  1846  (see  No. 
11,262),  describes  his  improvements  in  the  manu- 
fiicture  of  malleable  iron  and  alloys  of  iron  and 
other  metals.  Ist,  in  making  malleable  iron,  he 
adds  malleable  iron  scrap  in  proportion  of  from 
^  to  -^,  or  even  X  by  weight  to  white  pig 
iron  in  the  pig  bed,  or  otherwise,  and  the  mix- 
ture is  then  boiled  and  puddled  so  as  to 
thoroughly  incorporate  the  whole  together.  An- 
other mode  of  mixing,  which  is  preferred,  is  to 
melt  the  malleable  and  cast  iron  in  a  suitable 
f\imace,  and  then  run  the  liquid  mixture  into  the 
puddling  furnace ;  the  expense  of  refining  iron  is  by 
these  processes  avoided.  If  good  qualities  of  cast 
iron  l^  employed,  larser  proportions  of  malleable 
iron  should  be  used.  Refined  iron  may,  if  required, 
be  also  combined  with  malleable  iron  scrap.  Steel 
scrap  also  improves  the  quality  of  the  iron.  To 
produce  an  alloy  of  malleable  iron  less  fibrous  and 
harder  than  the  common  iron,  block  tin  or  groin 
tin  may  bo  added  in  proportion  of  from  j^j^  ^  jijy 
by  weight  to  any  of  the  above  mixtures;  bismuth, 
antimony,  and  arsenic  may  bo  similarly  used,  and 
also  zinc  and  copper,  which  produces  a  hardening 
effect,  and  manganese,  which  gives  a  steely  charac- 
ter to  the  iron.  An  alloy  of  zinc  and  iron  is  pro- 
duced by  introducing  zinc  into  the  cupola  fbmace 
when  the  charge  has  been  lately  run  out ;  the  zinc 
combines  with  the  iron  left  adhering  to  the  sides  of 
the  furnace,  and  forms  a  mixture  which  should  con- 
tain from  4  to  5  per  cent  of  iron;  if  it  be  found  to 
contain  less  more  iron  should  be  added.    The  speei- 


no 
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Edition  also  describes  a  method  of  niuking  an  alloy 
resembliug  ^qH  frora  Jiiuc,  iron,  c<!i)|>er,  and  man- 
Ijunese,  wlych  is  called  BritUli  gold;  ulso  ao  alloy 
of  roppcr  and  iimngaueHe;  also  un  alloy  of  zioCi 
iron^  and  coppiT,  and  aickel,  mid  iuaM}5i.neiite 
rvseinbUug  silver, 

tP/tiuml,  5d.  See  "  Repertory  of  Arl*,**  roj,  Ifl  (en]iirf«d 
fturieiji,  p  42  f  **ArliJ«m,"  vol.  7,p»  iKJl ;  "  Paienl  Jfttur- 
nftt,"  vol.  7,  p,  12;  **  MocbiUtic*'  Magnsin^,''  vol.  ^,  p. 

ORE   AND    SCORIA  MOULDED    INTO  BRICKS 
FOR    PUDDLING    FURNACE    LINING. 

WiLLiAsis,  Georoe,  — 1849,  January 
13.     No.  12,410. 

**  Improvements  in  preparing  puddling  fmnac*?* 
iijied  in  the  ru.innfaiiture  of  iron."  Iron  ore  and 
scoria  are  grunnd  to  puwder  and  mixed  with  \vatt?r, 
Si»  OS  to  form  a  kiod  of  paste.  This  is  moulded  into 
bricks  or  slabs  or  other  suitable  shaijen^  dried  and 
baked,  and  used  a£  a  llidng  for  the  sldeB  and  bot- 
toms of  furnaces. 

[Prinleil,  Od.  Sec  •*  London  Jonrnal  "  tlSTowlon'i),  vh^I.  35 
tcoiijoiiMKi  (it'ricsK  |>,  iU;  **  MudmniiCfj' Miijijjijsine/' vol, 
61^  p.  CIO ;  *'  Palcia  Journal,''  vol  7,  p>  I7a.j 

PUDDLING  FURNACE  WITH  TWO  CHAM- 
BEES  J  AIR  AND  STEAM  JETS^IN  PUD- 
DLING. 

Plant,  Reuben. 
12,701). 

**  Improvements  in  making  bar  or  wrought  iron." 
The  object  of  the  invent iou  h  to  rcguhitij  the  heal 
during  the  process  of  puddling  iron.  A  puddling 
fnriiiiee  h  described  having  two  chamber»,  a  [lud- 
dliug  and  a  preparatory  chamber,  with  a  damper 
between  them,  llot  or  cold  blasts  of  air  and  jets 
of  Hte;im  are  u«ed,  tm  described,  for  regulating  the 
heat  in  ihcchauihcrs  re-^iKsctively. 
[Prnued.yd,    Snic  *^  LondiU*  Jounml'*  (N<;\«rton*ii)  vol  3ei 

(ctHMMijK^d  •(.no^),  j|>.  I7U;    "l*ui€5ni  JourjtyJ/*  v^l.  »,  p. 

2Uf  ''  iMecliunica*  Ma^a^iiio,'^  vul.  5%  p.  61.J 

aib  heated  by  the  bridges  and  8ib18 

of  a  furnace  and  forced  into  its 
closed  ashpit. 

Pbideaux,  Thomas  Symes.  — 1849, 
Augmt  m     No.  12  J50. 

**  ImprovementM  iu  pudtUing  and  other  furnace.^.*' 
Firstly,  a  puddling  furnace  is  described  having  a 
clowd  ashpit  to  which  air  iw  supplied  ijuiier  pres- 
sure. The  ah'  h  cooducted  through  pipes  or  pahs- 
ftges  rcgu luteal  by  ctK'ks  or  valves  under  the  bottom 
of  the  puddling  furnace  aud  through  Ihe  bridges^so 
that  it  beeonie?i  heated,  and  the  sides  and  bettotn  i#r 
the  furuace  and  bridges  are  cooled.  The  heated 
air  is  thus  f< treed  into  the  clos^.'d  ashpit^  and  intro- 
duced into  the  (urnace,  or  it  may  he  introduced 
tJirough  openings  m  the  sides  of  the  furnace. 

Secondly,  a  smelting  furuaee  is  described,  har- 
ing  a  linplnce  in  the  front,  and  behind  tlmt  a  kind 
t»f  crucible,  and  Ijohhid  that  a  smelting  chumbcr 
into  which  the  ore  i.**  introdiiced  through  a  hopper. 
The  Nmelting  elmmber  eommunicates  with  a  cliim- 
Jiey.  Air  is  forci'd  through  suit^ible  piissages 
formed  in  the  brickwork  ol  the  lower  part  of  the 
funuvce^   and  b  sup^^lied  \tx  a  heated  state^  and 


under  pressure,  to  a  cloeed  a«ltptt,  it 
troduced  into  the  funKU^e. 
IPnuicd^  lUd     See  ••  Re-|i«rtarf  of  AHh.*^  hA  llta 
•eriet),  p,  9$ ;  "  M«cli«n*c»*  ft|af«»ie,*'  ^|^p.| 
^Paleot  Joomal/^  vol  ^  p.tt^\ 

PUDDLED    STEEL — ALSO,  DECAEBrmtl 
OAST     IRON     BY     IIKATI.VO    IT  Wil 
OPED    IN   CLAY,   AND    BY   PAJ^tSa 
OVER    IT   WniLB   HKATID, 

RiEPE,  EWALD.— I80O.      Jftll*  28L 

12,950. 

*'  Improvements  in  tlie  fnaiiii£i0Urft»  ^  1 

Thej*e  consist,  tirstly.  in  a  pf^cuIUf  n^ 
ing  the  puddling  furnaces     A  chary 
I  lbs,  of  pig  inm  is  ii  *-    *        ^     -  ' 
heat,  when  the  fluid 
partially  closed  to   1 
Twelve  or  sixtt»en  above  I. -1 
are  then  added,  and  the  s 
mass  h  then  puddled  wuh  a 
manga[H.'!»e,  common  Halt,  and 
gether.    After  the   n 
some  minutes  the  d 
IIki.  of  pig  iron  (or  li  ..i- 
lbs.)  are  added,  and  rui  I 
cherry -red   heat  1    as   U>  1 
minute  directions  are  givtsii. 

Secondly^  pig  or  Alloy«  of  pig  arid  wr 
are  cast  into  thin  bars  i   to  |  in.  1 
these  are  euvelo^ied  cAroiully  iii   I 
and  heated  iu  a  furnace  for  lYom  one  u'  it*n*  ti»»v 
nntil    they  are   converted    into   «tecl.    A  MiuAit 
furnace  is  de*crit»ed  r  -  This  ^ifocc«. 

Thirdly,  the  iron  :  .ibuTt  li^wriM  fli 

placed  in  a  cylinder  i  irepfoof  tteiM  •!« 

to  idlow  a  stream  of  auui^itpbtific  air  to  pi»  IIi^^A 
and  touch  freely  all  the  bar*  Th#  arliokr  V 
bricked  up  at  thoend,  ;«-  I,  aod  tlfrlsi 

heated  uutil  they  are  con^  «t«el« 

tPrmied,  Td,     Se«   "11  *      ' 

icr  !<*«),  p.  *MM  ;  **L. 
1^cv>ujoaicd  fturie>h  |^ 
60,  P.SW.J 

MAKING   STEEL    BY    MELTING   ORt, 
AND    WROUGHT    IRON    TOGETtinU 

Onions,  William. — 1851.     P«bi 
7.     No.  13,49«. 

**  Improvements   in  the  maji  / 

Tliese  consist  in  melting  cert, 
and  running  the  proiluct  into  c^innuip  uiii^t,! 
thou  auneulhjg   them.     Two   parta  hf  iW'^> 
hemiitite  ore  with  four  part*  by  Wid^ii  ,Ae<i 
steel,  and  9-1  parts  of  iron  made  fn^ 
or  other   like   ores,  are   placed  in 
melted.     The  metal,  instead  of  lieii 
gots,  is  run  nl  onr-e  into   in<iuldM  <  i 
shapes.     The  ii  i    ' 
rendered  mall 
like  manner  t 
The  annealing 
resorted  to  in  m 
from  Cumbi^rlatMl  and  smiiiur 
arc  rendered  malleubte.     Arti. 
an  inch  »iuare,  should  he  raij«n*d  lo  - 
hours,  and  maiTiiained  at  thai  he^ni 
hours,  and  then  gradually  ci»oled.     i  aM- 
cles  so  mi^e  may  be  cut  or  drvsurd  vr 
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find  tempered  like  articles  made  of  ordinary 

1,  3d  See  "  Repertory  of  Art*,*'  vol.  IS  (enlarged 
^^.  p.  331 ;  "  Loudon  Jourual »'  (Newton'*),  vol.  39 
uMd  Aerie*),  p.  344 ;  **  Mecbaiiic*'  Magazine,"  vol. 
13b ;  ••  Paieiit  Journal,"  vol.  11,  p.  231] 

. — The  effect  of  the  small  percentage  of  ore 
to  slightly  decarburize  the  iron  and  steel. 


ION  BOILED  WITH  ORE  AND  CAR- 
ACEOUS  MATTER  MIXED,  COOLED 
1  SPONGE,  GROUND,  ASSORTED,  RE- 
TED    AND    BALLED. 

SLEHURST,  Isaac. — 1851.  June  3. 
,655. 

irovements  in  the  manufacture  of  iron." 
islate  to  the  puddling  procesti.  The  iron  is 
:  in  the  Airnace  with  a  mixture  of  iron  ore 
•bonaceous  matter,  as  ground  coal,  coke, 
1,  or  sawdust.  When  the  iron  is  puddled 
per  is  to  be  lowered  until  the  metal  begins 
en,  ''  it  is  then  boiled  and  kept  very  hot 
becomes  very  thin  or  liquid."  The  draught 
'^  checked  until  the  metal  is  brought  into  a 
ready  *'  to  ball.''  It  is  then  drawn  out  in 
ant  size,  but  ^'  without  beini;  balled,  and 
in  a  closed  barrow,  or  other  receptacle " 
exclude  external  air,  and  left  to  cool.  It 
1  be  in  a  spongy  or  honeycomb  state,  and  is 
ashed  or  ground  by  stampers  or  rollers;  the 
mperfoctly  worked  iron  must  be  picked  out, 
Quch  good  iron  as  will  make  a  bloom  is  put 
rnace  and  balled  at  a  low  heat,  and  worked 
he  hammer  or  squeezer  in  the  usual  way. 
1  so  made  does  not  rei^uire  cutting  and  pil- 
ls suitable  for  spades,  edge  tools,  boiler 
vire,  &c.  If  required  to  take  a  polish,  the 
or  ground  iron  should  be  scoured.  The 
iron  is  also  used  ^^  for  sinking  in  the  char- 
es, for  making  iron  for  conversion  into 
instead  of  charcoal  pig  or  best  scrap  iron. 
If  3d.  See  ''London  Journal"  (NeHton's),  vol.  30 
wncd  «erie*),  p.  2^2 ;  "  Mechanic*'  Magazine,"  vol. 
405;  '' Patent  Jourual,"  vol  12,  p.  121.] 

:LINITE    USED     IN     THE    PUDDLING 
FURNACE. 

ES,  S.  T.— 1851.  September  16.  No. 
(U.  S.) 

f. — The  application  of  Franklinite  to  the 
ment  of  iron  in  the  processes  of  reduction 
ores>,  and  in  the  tiiiery  or  puddling  of  crude 
*on,  according  to  the  methods  as  above  de- 

[lUM  —  ALSO   SALT,    BARYTA,    LIME 
SODA  —  USED    IN     TUE    PUDDLING 
NACE. 

iLiNO,  John  Davie  Morries. — 
December  22.     No.  13,877. 

tain  alloys  and  combination  of  metals." 
ention  is  an  improvement  on  that  patented 
inventor  on  January  31,  1851.  See  No. 
It  relates  to  coating  nictuls,  such  as  iron, 
tin,  &c.,  with  metals  and  metallic  com- 
as tin,  copper,  zinc,  lead,  gold,  platinum, 
L  their  alloys. 


Also  in  improving  the  quality  of  iron  by  adding 
chromium,  by  preference,  in  the  condition  of 
chrome  iron,  or  chromate  of  iron,  in  proportion  of 
from  jj^  to  ^^  of  each  puddling  charge;  or  it 
may  be  added  at  an  earlier  stage  than  the  pnddling 
process.  When  the  iron  is  particularly  cold-short 
or  red-short  a  chloride  is  added,  and  conunon  salt, 
at  the  rate  of  If  to  8  lbs.  to  each  charge.  The 
chromate  is  to  be  added  when  the  iron  is  nearly  or 
quite  melted,  and  the  softer  iron  takes  more  than 
the  harder  class. 

Also,  instead  of  chromium,  baryta,  or  its  salts, 
by  preference,  the  carbonate  may  be  added  to  iron, 
1  lb.  of  carbonate  to  each  charge  in  the  puddling 
Airnace. 

Also  carbonate  of  lime  and  muriate  of  soda,  fai 
equal  proportions,  may  be  advantageously  added  to 
tiie  iron ;  from  2  to  8  lbs.  of  the  mixture  being 
added  to  the  puddling  charge. 

Note. — The  patent  aUo  specie*  uHng  lead  and 
chlorides  in  the  bUut  furnace. 

puddling — the  first  period  without 
stirring.  the  product  melted  with 
excess  of    carbon    and   remeltbd 
with  iron  to  dilute  the  carbon. 
Collins,    Wm.    Whittaker. — 1852. 

March  24.     No.  14,033. 

'^  Improvements  in  the  manufacture  of  steel." 
A  communication. 

A  charge  of  about  4  cwt.  of  grey  pig  iron  is 
''  melted  in  the  puddling  fUmace  in  the  ordinary 
way,  with  a  large  quantity  of  silicate  of  iron  or 
other  metallic  oxyde."  The  first  period  of  the 
boiling  process  is  continued  without  '' stirring  or 
raking  the  metal,"  as  is  ordinarily  done.  The 
melted  mass  is  thus  left  quietly  exposed  to  great 
heat,  '^  by  which  means  the  impurities,  less  the  car- 
bon, are  burned."  This  process  is  continued  for 
from  15  to  80  minutes,  according  to  the  nature  of 
the  iron.  The  iron  will  then  begin  to  rise  up,  and 
must  be  then  worked  vigorously  *^  under  the  action 
of  the  highest  degree  of  heat,"  to  make  it  fit,  as 
soon  as  possible,  to  be  balled  up  for  the  hammer  ot 
squeezer  or  rolls. 

The  product  will  be  pure  "  close-grained  iron," 
which  *^  cither  in  the  state  of  milled  bars,  balled 
iron,  or  finished  bars,  will  unite  with  facility  with 
various  proportions  of  carbon."  They  are,  there- 
fore, without  previous  cementation,  ^'melted  in 
crucibles,  with  the  application  of  carbonizing  sub- 
stances, by  which  means  cast  steel  is  produced,"  of 
which  the  degree  of  hardness  ''  may  be  regulated 
by  the  application  of  carbonizing  substances  in 
greater  or  less  quantity." 

^^  A  superior  quality  of  cast  steel  adapted  for 
tools,  chisels,  &c.,  is  obtained  by  melting  the  said 
bars  with  a  comparatively  large  proportion  of  car- 
bonizing substances."  The  product  is  a  highly 
carbonized  brittle  cast  steel.  ''  This  is  to  be  re- 
melted  with  fVesh  parcels  of  the  said  hron  bars." 

[Printed,  3d.  See  **  London  Journal "  (Newton's),  vol.  41 
(enlarged  seriet),  p.  317 ;  "  Mechanics'  Magazine,**  vol. 
67,  p.  270.] 

DECARBURIZING  CAST  IRON  BT  HEATING 
WITH  OXYDE  OF  ZINC  OR  LEAD,  TO 
MAKE   BARS   WITPO^T   FUPPLINQ. 
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Beauvallet,  Jean  Ernest.  *- 1852. 
June  12.     No.  14,167. 

"  Improvements  in  the  manufacture  of  iron  and 
Btce!.  A  conimunication.  These  consist  in  lieiU- 1 
ingCAst  irou  ''  in  cuiituct  witii  a  meUlJic  oxyde  (or 
'ft  m;iy  be  **  a  cjirboimto  which  will  act  by  reiis^m  of  | 
it«  oxydv),"  and  aftc^rwardj*  extending  it  by  huni- 
mering  or  rolling,  without  the  necessity  of  puddling 
iU  Directions  are  given  us  to  tliu  way  in  which  the 
iron  ia  to  be  ciu*t  in  burs  or  sheets,  so  that  the  im- 
puriiiea  and  bubbles  may  form  their  ends,  and  be 
cut  off  with  the  rough  ends  of  the  sheets  or  burs. 

For  the  dectirbonlzation  of  cast  iron  protoxyde  of 
seine  and  calamine  are  preferredj  but  oxyde  of  lead 
may  be  used,  A  table  of  proportions  ia  given. 
The  zinc»  if  any  remain^  is  to  bt*  driven  off  hy  heat. 
Wlieo  malleable  iron  is  to  he  made^  mucb  of  the 
dociul>t»iii?Ju}^  subfttAueea  must  be  employed  j  when 
uteel  18  to  T>e  made  It^as  will  l>e  required,  but  the 
8t<?el  should  l^}  cemented  with  charcoal  in  the  ordi- 
nary way,  to  expel  the  «iuc  and  equalize  carboniza- 
tion. 

[Friiaecl,  44.    See  **  Repertory  of  Art«.'»  vol.  5»  (enlurg ed 
«ene«),  p.  3tf3;  "Mechanic*'  Sdagiuiiie^*' voL57,  p,  4tf7.] 


HARBOR  DEreNSE-FLOATIXG  GUN- 
CARRIAGES." 

BY   H1R    WU*    O.    ARlrSTROIfQ* 

From  Ibo  London  **  Timea." 
Sir  Wm,  G,  Armstrong  culls  attention  to 
the  value  of  small  TCsseU  (like  the  '^  8tau«eh," 
designod  by  Mr.  llendcl),  for  defending  sea- 
ports against  the  sudden  mroads  of  hostile 
iroEclads  in  time  of  war.  The  importance 
of  proteeting  coinniereial  harbors  from  this 
kind  of  attack  is  a  8ubject  which  deserres 
more  attention  than  it  appears  to  receive. 
The  intru-sion  of  an  invulnerable  war-ship 
into  the  port  of  Liverjmoi,  for  example,  Is 
alarming  to  contemplate.  Masses  of  mer- 
chant iihipfl  eloMel)'  packed  in  docks»  and 
large  titaeks  of  warehouses  contxiining  mer- 
chandise worth  millions,  are  objects  upon 
which  the  powerful  shells  of  modem  artillery 
would  produce  terrible  effect.  To  prevent 
the  ships  of  an  enemy  from  approaching  our 
shores  would  ref|uire  our  fleet  to  be  ubifj  nit- 
ons, and  if  hostile  irooelads  cannot  be  kept 
at  a  di.stance,  there  m  nothing  at  present  to 
stop  them  from  entering  our  ports.  The 
experience  of  the  late  American  war  shows 
that  it  is  very  difficult  to  intercept  a  et^aam 
war-ship  on  the  open  seas ;  and  under  pres- 

*  The  Idea  of  floating  gnn-earriagM,  m  b«re  re- 
ferrod  to,  though  woll  carriod  out  in  England,  U  not 
at  BngUih  origin,  Thti  ^*Naugatuck,*'  batit  by  the 
lat«  E,  A.  StcTCDB,  and  fought  in  the  late  war,  wa« 
QQrvly  a  floating  giin-oarriagOy  the  gun  (100  pr.) 
Mng  trained  by  turning  (he  ve««el  by  means  of  twin 
•i>r«w».  Soe  «<OrdDaQce  and  Armor,"  p.  5W— JKn. 
V.  A.  Jf ,  *^ 


ent  circumstances  it  is  eon*ijily  \ 

that»  whether  we  should  b^pftfti  W  i 
with  the  United  Statin  or  wi*^-  '"  '^ 
power,  vessels  would    be  f; 
other  side  of  the  Atlantic  for  uojm 
injury  upon  our  property  and  \ 

Let  ua  consider,  tbefif  n* 
for  the  defense  of  our  &e;i; 
presume  that  the  kind  of  v 
be  used  for  making  a  d:i»h  u 
be  a  steamer  birge  enough  to  unini 
and  sea-going  qualities  with  the  ^^ 
of  heavy  armor,  She  would  e; 
great  size,  adapted  alike  for  ii;.. 
opposing  ironclads  and  throwiuL: 
shells.  She  would  be  render^ 
against  boarding,  and  be  preterm  !  i,  .*t 
small  arms.  Without  htiavj  riiied  ^i»» 
impression  could  be  made  ujK»n  sork  li 
enemy  as  this,  and  of  such  gmw  tlu**  fit 
none  in  any  one  of  our  comroerrial  lulm. 
Supposing,  however,   the   ;'  -  fcn^ 

coming  in  time  of  need,  we  'ti  --t- 

sider  how  they  can  be  mo 
applied.    We  have,  in  fact,  t 
mounting  them  on  fixed  or  tioat:i 
If  we  plant  them  as  fixtures,  u.„ 
containing  them  must  be  at  point*  ik  ' 
channel  can  be  commanded  within  ca^;  .-*^*m 
and  where  a  boom  or  other  obfflnMTtinn  <a 
be  thrown  across  to  detain  the  invad«r  imdm 
fire.     Without  such  detention,  the  timeM* 
cup  ted  in  running  past  a  battery  is  t*m  duot 
to  admit  of  decisive  reBult*.      Th»'  T»pid  m^ 
tion  and  constantly  v:« 
vessel  would  make  it 
a  vital   part,  even  if  ouol 
judgment  were  used  ;  but  th- 
be  enormously  inc revised  by  V. 
excitement  that  would  prevuti  m 
ners  during  the  brief  pasg:i 

ship.      There  is,  however,    ; ., 

booms  and  similar   obstruct loua,  tL 
cannot  be  bo  contrived  as  to  U    - 
stopping  an  enemy  without  at  0 
interrupting  commercial  traffic,  r 

efficacy  as  a  barrier  certain,  siii  ^ 

to   say  what    st^am    an    iron    k  ii 

through.     So  that,  altogether,  "^ 

of  protecting  harbors  by  batter  ins  aiud  Uoai 
is  not  very  promising.  If  we  now  tnm  ta 
the  other  alternative  of  uMng  Um  fW 
afloat,  we  shall  find  that  the  diflbaltf 
vani^^hes.  The  vessels  for  cnrrjing  ih»  pni 
need  be  nothing  more  thiin  floatiittf  gw* 
carriages,  like  the  littlo  Staunch.  Tht>T«^ 
sel»  though  a  mere  barge  in  point  uf  M, 
carried   a   12J-ton   gtin,  the   uoTenwDU  «f 
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eslk  are  effected  by  steam-power,  so  that  a 
r  small  screw  suffices  for  working  it. 
I  boat  b  propelled  by  twin  screws,  which 
»  her  such  a  power  of  turning  that  she 
«hanffe  the  direction  of  her  large  gun  as 
ily  and  quickly  as  if  it  were  mounted  on 
oin-table.  She  is  incumbered  with  no 
ftor,  because  her  safety  lies  in  her  small- 
tt,  which  renders  her  difficult  to  hit,  and 
Biase  armor  is  worse  than  useless  when 
^Qsed  to  guns  capable  of  piercing  it. 
fedly,  she  is  cheap.  The  cost  of  a  couple 
^ironclad  frigates  would  furnish  a  hundred 
iNDiehes. 

Kow,  to  revert  to  Liverpool  as  an  example, 
\  us  see  what  would  be  the  aspect  of  the 
Ub  if  half-a-dozen  of  these  gunboats  were 
hand  when  an  enemy's  ship  ran  into  the 
mey.  She  would  there  find  herself  sur- 
mded  by  six  little  dots  upon  the  water, 
rying  among  them  an  armament  probably 
n  heavier  than  her  own.  They  would  be 
miAll  that  she  could  not  well  hit  them, 
lie  she  would  be  so  large  that  they  could 
dlj  miss  her.  She  could  not  run  them 
m,  for  they  would  be  far  too  quick 
taming,  and  a  retreat  under  shallow 
er  womd  always  be  open  to  them.  If 
a  Incky  shot  the  enemy  were  to  sink 
diaable  one  of  her  assailants,  it  would 
but  one  silenced  out  of  six.  She,  on 
other  hand,  would  be  equally  liable  to 
mnk  or  disabled  by  a  single  shot,  so  that 
ehsnoe  of  victory  would  be  six  to  one 
inst  her,  even  if  she  were  as  difficult  to 
as  her  adversaries.  In  short,  six  such 
iboats  would  probably  suffice  to  baffle  the 
lok  of  several  ironclads,  and  we  might  be 
J  sure  that  no  hostile  attempt  would  be 
le  to  enter  a  harbor  where  it  was  known 
t  these  dangerous  watchdogs  were  kept. 
ior  is  it  merely  their  mobility  within  the 
a  attacked  that  recommends  these  little 
•eli.  The  Staunch  has  proved  herself  an 
ellent  sea  boat  both  with  her  gun  on  deck 
i  in  the  hold,  into  which  it  can  be  lowered 
pleasure  by  her  mechanism  and  again 
ted  when  required.  Such  vessels,  there- 
I,  eould  quickly  be  brought  from  different 
ts  to  any  point  attacked.  Moreover, 
y  would  constitute  excellent  schools  of 
inery  for  the  naval  reserve  men,  who 
;ht  m  them,  at  small  cost,  gain  valuable 
•rieoce  in  handling  heavy  guns.  Indeed, 
loald  not  despair  of  a  class  of  naval  vol- 
eers  being  established  capable  of  manag- 
nioh  gnxkboats,  and  thus  rendering  every 
t  Belf*protective.     Again,  if  we  are  to 


contemplate  the  possibility  of  aggressive  war 
on  our  part,  these  vessels  will  be  quite  capa- 
ble of  crossing  a  sea  in  company  with  suita- 
ble tenders,  and  would  thus  be  available  for 
foreign  service  in  case  of  need,  or  they  would 
prove  valuable  auxiliaries  for  the  defense  of 
our  naval  arsenals,  if  threatened  with  attack. 
When  not  in  use  they  would  be  laid  up  on 
slips,  almost  free  of  cost  for  maintenance, 
and  they  could  be  launched,  armed  and 
manned  at  very  short  notice. 

In  offering  these  brief  suggestions  on  the 
subject  of  harbor  defense  I  do  not  wish  to 
ignore  the  great  value  of  torpedoes  as  aids 
in  guarding  the  entrance  of  a  port ;  but  these 
implements  cannot  be  looked  upon  as  super- 
seding the  use  of  artillery  for  that  purpose. 
Even  with  the  best  arranged  system  of  tor- 
pedoes, it  is  not  difficult  to  conceive  a  mode 
of  attack  by  which  the  defenders  might  be 
deceived  either  into  exploding  them  prema- 
turely or  upon  comparatively  valueless  ships 
sent  in  for  the  purpose ;  and  once  exploded, 
a  new  system  could  not  be  laid  down  in  the 
presence  of  the  enemy.  In  fact,  there  is  no 
knowing  what  expedients  might  not  be  re- 
sorted to  for  evading  or  neutralizing  their 
effects.  For  my  part,  I  am  persuaded  that 
nothing  would  prove  so  free  from  objection 
as  small  gunboats  with  big  guns.  But,  what- 
ever difference  of  opinion  there  may  be  as  to 
the  best  mode  of  attaining  the  object,  certain 
it  is  that  at  the  present  time  we  are  prepared 
with  nothing  that  would  have  the  least  chance 
of  proving  effectual. 

In  conclusion,  I  would  observe  that  the 
preference  I  have  expressed  in  favor  of  guns 
afloat  over  guns  in  fixed  batteries  has  ref- 
erence altogether  to  commercial  harbors,  and 
does  not  apply  to  great  naval  stations  like 
Portsmouth  or  Plymouth,  where  much  more 
powerful  defenses  are  required,  and  where  a 
combined  system  of  fixed  and  floating  bat- 
teries would  probably  be  necessary. 


NOTES  ON  RAILWAY  CONSTRUCTION. 

BY  W.    AIBY. 

From  ''The  Engineer." 
It  may  fairly  be  said  that  in  England 
there  are  scarcely  two  railways  alike ;  the 
country  is  so  diversified  and  irregular  in  its 
outline,  and  so  varied  in  its  soil  and  geo- 
logical character,  that  there  can  scarcely 
fail  to  occur,  in  the  course  of  the  construc- 
tion of  a  railway,  difficulties  peculiar  to  that 
railway.  Such  difficulties  may  not  have 
been  of  such  importance  as  to  form  the  sub- 
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joct  of  a  separate  memoir,  but  they  are, 
uevertbeleas,  important  to  those  who  are  en- 
gaged in  such  work,  and  if  carefully  record- 
ed by  the  engineer  in  charge,  they  would 
form  a  most  valuable  mass  of  information, 
and  from  which  a  book  on  railway  construe- 
tioa  could  be  compiled  far  more  trui^tworthy 
than  any  work  compiled  only  from  theory^ 
or  the  limited  experience  of  a  single  indi- 
vidual. For  the  publicatiun  and  circulation 
of  such  notes  there  would  seem  to  be  no 
more  proper  or  convenient  channel  than  the 
columns  of  the  best  engineering  piipers  of 
the  day,  in  which  they  would  be  preserved 
for  reference.  In  the  following  notes  the 
writer  does  not  profess  to  confine  himself  to 
what  may  be  novel  in  the  methods  he  adopt- 
ed, but  to  record  the  methodti  themselves, 
and  the  experience  gained  in  the  application 
of  them. 

ON    SKTTINO-OUT    IN    TUNNELS* 

There  is  no  ordinary  field  work  so  anxious 
or  careful  as  that  which  occurs  in  the  steer- 
ing and  getting  out  of  a  long  tuuneL  The 
chances  of  error  in  transferring  lines  and 
levels  from  the  top  to  the  bottom  of  a  shaft 
are  considerable,  and  the  carrying  on  of  them 
properly  below  ground  is  also  liable  to  error, 
from  the  darkness  and  the  shortness  of  the 
base  from  which  to  produce  the  line  of  the 
tunnel  onwards.  Now  the  accuracy  needed 
in  transferring  the  line  of  the  tunnel  from 
the  top  to  the  bottom  is  according  to  the 
number  of  the  shafts  ;  if  the  iahafts  are  Y^ry 
close  together — say,  for  instance,  100  or 
200  yards  apart »  as  they  commonly  are — the 
accuracy  needed  is  not  exceedingly  great, 
but  in  proportion  as  the  distance  between 
the  shafts  increases,  so  also  does  the  accur- 
acy required,  and  when,  aa  rarely  happens, 
the  shafts  are  as  far  apart  as  700  yards,  the 
accuracy  needed  is  very  great. 

In  the  instance  now  recorded,  a  lofty 
range  of  hills,  which  was  pierced  by  the 
tunnel,  precluded  the  use  of  numerous 
shafts;  the  distance  between  two  of  the 
fihafts  was  more  than  700  yards,  and  in  con- 
Bequence  of  great  difficulties,  arising  from 
the  quantity  of  water  encountered,  the  work 
waa  much  hindered  at  one  of  these  shafts  ; 
«o  that  more  than  600  out  of  the  712  yards 
between  them  were  pierced  from  the  other 
fihaft,  which   was   comparatively    unincum- 

^  liorcd  with  water,  before  the  headings  met. 

'Tor  the  ranging  of  this  length  of  GOO  yards 
[lethod  presented-  itself  so  practicable  as 
ILuary  procesa  of  suspending  two  lines  ^ 


from  the  sill  of  the  shaft  in  tU  lior 
tunnel,  and  carrying  on  thi-  line  of  iW 
ing  from  the  direction  so  ohtAincd. 
the  shaft  was  only  9  ft.  in  di*iiipt«T, 
net   distance   obtainable   between  tb^ 
lines,  so  as  to  allow  them  to  bang 
clear  of  obstructions  of  all  kiodi, 
6  ft.  6  in.,  it  was  obvious  that  mvoi 
must  be  taken  in  the  productioDof 
a  line  on  so  short  a  base.     Had  th« 
been  straight  from  end  to  etid^  it  m 
been  safer  and  less  troublejtutiie,  in 
stance,   to   have  ranged   the  Um 
open  end,  where  the  heading  eiucr|^ 
there  happened  to  be  a  sHarji  curve 
ends  of  the  tunnel,  which  ffould 
dered  this  method  uncertain  and  ii 

Now  to  arrange  a  line  accuraieh 
ground,  by  means  of  a  pair  of  Untat  kl 
a  shaft,  it  is  necessary,  first,  that  t^ 
should  be  accurately  adjust<Ni  at  the 
and,  secondly,  that  the  direetioti  of  tiie 
uel  should  be  accurately  produ^atd  frqatli 
direction  indicated  by  tb«  lines 
ed.     In  the  instance  in  queaiioii  tii# 
ment  at  the  top  of  the  fibaft  wa^ 
thus;  The  center  line  of  the  taniMl  b^ 
truly  ranged  above  ground  by  the  Qtimn  I 
procuss,  a  station  ou   the  line  wa^t  Mfalhi 
ed  and   carefuUv   marked   at  a  few  pM  I 
distance   from   the   shaft ;  a  theodcJalt  «B  I 
placed  over  this  station,  and  adjusted  MS 
to  range  the  true  line  of  the  tuaoeL    Ot  | 
each  side  of  the  shaft*  and  in  the  tioxof  ill , 
tunnel,  a  board,  of  the  shape  sheim  i 
figure,  was  firmly  nailed  to  the  sillnf  I 
P      ^  shafi;    Mm  "  ' 

^'  wan  fkrabbtd  1 

a    movabla 
of  iroa,  which ' 
tightly    «lipftl 
down 

board  by  iroa  i 
HO  aa  to  be  trmi 
secure  trbtu  »kilU 
ing,  jet  cftpalilttf 
Adjuatmem  iSflif 
the  noM  of  tk 
board  by  ta|fag 
lightij  At  t2i«  aib 
with  %  \^mmti*  A 
small  DOtdk  «m 
filed  on  iU^^ 
the  DosiAf*  10  f^ 
The  QOdiftir  hm 
roughly  adjusted  to  th<t  liutf  of  tlu^  tnaaiL 
and  the  plumb-Hne  paHAing  ortt  th^  B<^ 
and   down   the  sliaft,  tho   obsciTtr  at  tb 


eeive    the   plumb-Huc. 
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indicated  the  true  position  of  the 
n  assistant  at  the  board,  by  whom 
Dosing  was  gently  tapped  with  a 
11  the  notch  and  plumb-line  were 
>rought  into  the  true  center  line  of 
[.  The  same  was  done  at  the  other 
e  shaft,  and  the  adjustment  at  the 
len  complete.  In  this  way  it  is 
%  very  high  degree  of  accuracy  was 
with  great  security  and  freedom 
lental  shifting  of  the  lines.  The 
3s  were  of  very  strong  and  fine 
.nd  the  plumb-bobs  suspended  in 
'  water  at  the  bottom  of  the  shaft 
al  manner. 

production  of  the  line  of  the  tun- 
ground,  the  following  plan  was 
A  stout  deal  table,  on  three  legs 
*amed  together,  was  firmly  planted 
ine  indicated  by  the  plumb-lines, 
btance  of  about  eight  yards  from 
this  table  was  placed  a  theodo- 
erly  furnished  with  a  lamp  for 
Qg  the  wires ;  this  theodolite  was 
jghly  in  line,  and  adjusted  level 
t-scrcws.  The  nearest  plumb-line 
lluminated  by  two  men  with  can- 
the  theodolite  was  pointed  so  as  to 
t  plumb-line,  and  was  clamped 
e  two  men  then  left  the  front 
3,  and  in  like  manner  illuminated 
»lumb-line.  This  line  would  ap- 
8  telescope  to  one  side  or  the  other 
ersection  of  the  wires,  and  the 
was  shifted  on  the  table  to  one 
6  other,  as  was  indicated  by  the 
n.  The  whole  operation  was  then 
.new,  and  continued  until,  by  suc- 
proximations,  the  telescope  was  so 
sted  to  the  line  indicated  by  the 
»,  that  after  it  had  been  directed 
sect  the  front  plumb-line,  the  back 
s,  on  being  illuminated,  remained 
rom  the  obstruction  of  the  former, 
lus  obtained  the  true  line  of  the 
d  carefully  clamped  the  theodolite, 
>pe  was  turned  in  a  vertical  plane, 
38  were  ranged  by  signal  at  such 
ilong  the  heading  as  were  neces- 
permanent  marks  established  at 
»  for  reference. 

not  be  uninteresting  to  know  the 
accuracy  which  may  be  insured 
»Te  process.  In  order  to  eliminate 
of  accidental  error,  the  work  was 
3  times  over  from  the  beginning, 
l8  of  a  month,  and  on  each  occa- 
nanent  nail  was  fixed  in  the  line 


ranged  at  ten  chains  distance  from  the  shaft. 
The  three  nails  were  driven  side  by  side, 
and  the  distance  between  the  two  outside 
nails  was  3^  in.,  thus  the  limit  of  error  at 
30  chains'  distance  from  the  shaft  would  be 
less  than  1  ft.  The  actual  error,  as  was 
proved  when  the  headings  met,  was  less 
than  1  in. 

As  a  check  upon  the  above  process,  the 
following  plan  was  used  after  the  heading  at 
the  end  near  the  shaft  had  been  driven 
through  to  daylight.  It  is  evident  that  the 
accuracy  of  this  method  depends  much  upon 
the  number  and  position  of  the  stations, 
which  the  curve  renders  necessary,  as  also 
Fig.  2.  on  the  size  of  the 

heading,  etc.;  but 
it  may  in  some 
cases  be  found 
practicable  and 
useful.  Let  A  B 
be  the  heading,  A 
the  shaft,  and  B  the 
open  mouth  of  the 
heading.  Let  A  P 
be  the  line  of  the 
straight  portion  of 
the  tunnel  as  rang- 
ed on  the  ground, 
P  a  station  on  that 
line.  Take  a  sta- 
stion  at  Q,  near  the 
mouth  of  the  heading,  from  which  P  can 
be  seen,  and  a  station  inside  the  heading  at 
R,  from  which  Q  can  be  seen,  and  more  sta- 
tions if  necessary,  until  A  (a  station  vertic- 
ally below  the  center  of  the  shaft)  can  be 
seen ;  measure  by  theodolite  all  the  angles 
A  P  Q— P  Q  R,  etc.  Then,  since  the  fig. 
A  P  Q  R — A  is  a  closed  figure,  and  all  the 
angles  are  known  except  the  last  angle  (in 
the  figure  it  is  P  A  R),  this  angle  also  can 
be  determined.  Therefore,  planting  the 
theodolite  at  A,  pointing  the  telescope  in 
the  direction  A  R,  and  setting  off  the  angle 
RAP,  determined  as  above,  the  direction 
A  P  is  obtained ;  and  by  turning  the  tele- 
bcope  in  a  vertical  plane,  the  line  of  the 
tunnel,  supposed  in  the  direction  of  P  A 
produced,  may  be  ranged  with  considerable 
accuracy. 

There  is  no  great  difficulty  in  setting  out 
the  levels  of  a  tunnel.  Leveling  is  such 
accurate  work  that  an  error  at  commence- 
ment does  not  seriously  increase  with  the 
distance  if  moderate  care  be  used.  All 
that  is  necessary  is  to  .obtain  pretty  accur- 
ately the  level  of  a  bench  mark  at  the  bot- 
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torn  of  tbe  abaft ;  thb  mtiy  readily  be  done 
by  tying  two  or  more  chains  tigbtly  together, 
the  chaius  being  tirst  carefully  nienfiured, 
and  sugpendiug  them  from  a  nail  in  the  hDI 
of  the  shaft,  the  level  of  which  is  known  ; 
with  these,  and  a  level-staff  to  close  in  the 
measurement  at  the  bottom,  the  level  of  a 
nail  at  the  bottom  may  be  ascertained  to  a 
quarter  of  an  inch  witbout  difficulty.  The 
levels  may  then  be  carried  on  by  candle* 
light  with  great  ease  to  the  end  of  the  bead- 
ing in  the  usual  way.  The  light  of  a  candle, 
held  near  the  object-glass  of  the  telescope, 
though  not  80  as  to  obBtruct  the  view,  is' 
amply  sufficient  to  illuminate  the  wires  ;  and 
tbe  staff,  when  lighted  up,  can  easily  be 
read  at  five  or  six  chains  distance,  if  the 
heading  be  not  choked  with  smoke  or  other- 
wLse  obstructed. 

ON    THE   MANAOKMENT   OP    CLAY   SLOPES. 

Very  few  railways  exist  which  do  not  at 
some  place  or  other  paas*  through  clay,  either 
in  the  form  of  detached  beds  or  pits,  such 
as  occur  in  all  geological  formations,  or  else 
as  a  recognized  formation  in  itself;  and 
there  are  no  beds  which  give  so  much 
trouble  in  tbe  confetruction  and  maintenance 
of  railway  cuttings,  except  perhaps  the  beds 
of  running  sand  holding  much  water,  which 
are  comparatively  nire.  The  varieties  of 
elay  beds  are  wonderful  j  in  the  experi- 
ence of  tbe  writer  there  were  found  in  the 
short  distance  of  ten  miles  all  kinds  of  clay, 
from  black  sbaly  clay,  which  would  stand  at 
a  slope  of  1  to  1  without  slipping,  to  yellow 
greasy  clay^  which  would  barely  stand  at  8 
to  1  (and  which  the  slightest  rain  rendered 
very  difficult  to  handle),  and  again  to  black 
rotten  elayt  which  would  not  stand  at  0  to 
1,  and  indeed  seemed  unwilling  to  stand  at 
any  slope  whatever.  There  seemed  to  be 
uo  principle  of  general  application  whicb 
ruled  the  nature  of  the  clay,  except  that 
wherever  water  was  present,  the  clay  was 
worse  to  handle,  and  that  clay  on  the  sides 
of  hills  through  which  the  drainage  of  the 
country  had  to  percolute  was  worst  of  all. 
As  a  rule  the  clay  of  the  earlier  formations 
uraa  firmer  and  better  than  that  of  the  lat- 
ter, and  the  black  clay  was  better  than  the 
yellow  ;  but  tbe  pitch  of  the  ground  and 
the  position  of  the  cutting  would  at  any 
time  affect  the  working  of  the  clay  very 
largely. 

When,  from  the  nature  of  the  clay  and 
tli«  local  circumstances  of  a  cutting,  it  is 
apprehended  that  the  slopes  will  not  stand 


at  the  ineli nation  originally  ifiteD<led«i 
are  various   methods   of  procH!iliii| 
may   be   suitable  for  different  o 
chief  of  those  which  were  ixitd 
of    the   railway   to  question  « 
lows : 

L  To  get  oQt  the  slopcss  to  iflaltei 
of  inclination  than  was  at  fint  tsli 

2,  To  get  out  the  sbipt:^  witk«i 
batter,  keeping  the  width  aoroiitkl 
at  the  top  the  same,  or  nearlj  tUl 
was  originally  intended, 

3,  To  retain   the  foot  of  th»  iM 
low  wall,  and  to  flatten  the  r^maiodtrj 
slope  above   the  wall  by  takiti^  i 
tbe  top   of  the  slope  and  casting  A  i 
against  the  back  of  the  walL 

4,  To  drain  the  slopes,  whcthtrlji 
rubble-drains,  or  pipes. 

The  first  of  these  methods  tt 
wasteful  of  all ;  the  labor  roqitinxl  in  | 
out  the  slopes  to  a  tiittter  uriirb'  i*  ^n^i 
and  there  is  usually  a  nee 
ing  additional   land,  whi  L 
expense  and   dela3%     Nevertli 
1  ceedingly  bad  ground  there  13 
to  be  done,  more  especially  if  the  ^ni 
be  much  charged  with   water,  for  Uuii  I 
slopes   will   not   bear   shapinf*     B«l  4m^ 
method  will  be  much  assiaied  by  J 
the  toe  of  the  slope  in  9ome  degm ;  1  Iw  1 
'  wall  of  rubble-stone  well   hand-fiaeWd  vfl 
j  keep  a  slope  quiet  at  a  comp&mtivrlT  it«f 
I  angle  of  inclination,   which  would 
I  mediately   and   constantly   witbrvTi- 
I  give  incessant  trouble.     The  v; 
let  into  the  ground  to  a  depth 
I  below  formation  level,  and  if 
of  good  thickness,  will  sa^t:  inu.  ^ 
niaintenaneej  it  should   be  of  dn 
work,  to  give  free  passage  to  tV    • 

The  second  methotl  is  not  ers 
ticed,  and  is  too  much  un  ! 
rather  more  troublesome  t 
a  curved  batter  than  to  « 
i  in   consequence  all    gan^i 
have  a  great  objection  to  UMiof 
but  it  is  the  natural  and  sU^bb 
ground  when  laid  to  a  slope,  wid 
correct  form  in  which  to  lea^  it. 
good  ground,  which  requires  only  m  tloft^ 
I  to  1,  or  thereabouts,  there  is  no  grtiyl^ 
jcct  in  going  to  tbe  trouble  of  tnaiBf  iii 
elopes  hollow;  but  as  a  gert-  — ^  -"^f,  sgvt^ 
saving  might  be  effected   I  b  it  KM 

first  cost  of  the  railway  ana  m  iiie  **i^ 
quent  maintenance.  As  regftrcb  ihi  «^ 
roctncss   of   the   abov#   staloBMlitt  il  vK 
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ir  to  all  who  hsTe  IumI  experience 
slopes,  that  when  a  slip  takes 
traight  slope,  it  rarely  begins  at 
he  slope  ;  a  wedge-shaped  mass 
aks  out  from  the  middle  and 
of  the  slope,  as  in  the  annexed 
d  slides 
ihe  cut- 
top  re- 
netimcs 
r,  and, 
ided  to, 
rambles 
Lis  down 
Such 

ice  suggests  at  once  the  proper 
hich  a  slope  should  be  worked, 
Dr  two  instances  in  the  writer*s 
the  slopes  were  purposely  and 
orked  to  curved  batters  in  the 
^ay :  The  curve  selected  for  the 
;he  parabola.  What  the  precise 
curve  might  be  is  not  easy  to 
Qd  the  conditions  of  ground  vary 
gly  in  different  situations,  that 
aU  us  little  to  know  it  for  any 
i.  It  is  something  like  a  para- 
it  was  necessary  to  assume  some 
,her,  the  parabola  was  selected, 
ming  suited  to  the  case,  and  as 
e  in  its  properties,  more  especial- 
is  its  area,  which  is  important  as 
ilities  for  the  calculation  of  the 
its  of  the  earthwork.  The  prin- 
ich  the  curve  was  applied  will  be 
lie  diagram  annexed. 


e  formation  width  of  the  cutting; 
raight  slope ;  A  D  C  the  para- 
;  the  constant  of  the  parabola 
that  the  two  sides  of  the  cutting, 
etcd,  would,  if  produced  under- 
ibrmation,  form  the  entire  para- 
bject  of  this  was  that,  as  far  as 
le  pressures  of  the  two  sides 
nee  each  other  without  wedging 
nation  between  them,  as  some- 
's when  the  batters  are  straight, 
ting  out  of  the  slopes,  two  curv- 
es were  made  and  applied  as  in 
ibove.     A  draft  was  first  traced 


in  the  slope  to  the 
straight  line  A  G ; 
then  the  first,  or 
lowest,  of  the  tem- 
plates was  applied, 
and  the  draft  deep- 
ened till  the  out- 
side edge  of  the 
template  was  ver-. 
tical ;  then  the  second  template  was  applied, 
with  its  lowest  angle  at  the  point  where  the 
first  template  left  off,  and  the  slope  in 
like  manner  dressed  off  till  the  outside  edge 
of  the  second  template  was  vertical.  The 
slope  being  thus  started  true  to  curve,  the 
rest  of  the  draft  could  be  completed  with 
sufficient  accuracy  by  eye,  and  the  cutting 
got  out  between  the  drafts  in  the  usual  way. 
The  above  method  is  fairly  simple  and  easy, 
and  the  cutting  is  far  more  secure  than  when 
the  slopes  are  flat.  This  was  curiously  ex- 
emplified in  one  case  where  the  slopes  of  a 
cutting  had  been  dressed  as  above,  except 
at  two  points  where  the  batters  were  left 
straight  from  some  accident;  at  both  these 
points  a  slip  took  place  in  the  following 
winter,  while  the  rest  of  the  cutting  remain- 
ed secure.  As  a  general  addition  to  the 
security  of  a  cutting,  this  second  method  is 
the  most  correct,  and  involves  the  least  ex- 
pense. 

The  third  method  is  very  useful  and  con- 
venient ;  the  application  will  be  seen  from 
the  annexed  diagram,  where  the  dotted  lines 
show  the  state  of 
things  as  at  first 
intended,  and  the 
full  lines  the 
amendment.  The 
wall  may  be  of  any 
hard  stuff,  big  and 
small  together,  ex- 
cept the  face,  which 
should  be  of  large 
pieces,  hand-pack- 
ed. Chalk  was  found  excellent  for  retain- 
ing the  yellow  clay,  and  the  expense  of  such 
rough  work  is  very  insignificant.  The  great 
advantage  of  this  method  is  that  it  involves 
very  little,  if  any,  removal  of  stuff  in 
wagons,  and  the  work  can  therefore  be  car- 
ried on  without  blocking  the  way.  The 
wall  should,  if  possible,  be  got  in  before  the 
cutting  has  slipped  much ;  if  the  slopes 
have  slipped  in,  and  the  clay  is  much  mixed 
with  water,  it  is  verv  difficult  to  keep  the 
clay  out  of  the  wall,. and  to  make  good 
work. 
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With  respect  to  the  fourth  method,  eo  far 
as  the  writer's  expt^rience  went,  it  is  useless 
to  attempt  to  save  a  cutting  from  slips  by 
dratuing  the  slopes  during  construction. 
For  the  maintenance  of  completed  rail^ya 
it  is,  of  course,  necessary  to  allow  free  pass- 
age to  the  surface  water;  hut  for  this  pur- 
pose surface  drains  are  sufficient,  and  the 
introduction  of  deep  drains  into  clay  slopes 
is  iu  general  most  injurious;  the  deep  drains 
do  in  fact,  iu  most  cases^  lead  the  water  in- 
to the  body  of  the  slopi's,  instead  of  keep- 
ing it  out;  the  continuity  of  the  ground  is 
injured,  and  slips  take  place  iu  consequence 
of  the  drains.  Moreover,  deep  drains  are 
very  apt  to  get  choked,  especially  when  any 
filight  motion  is  taking  place  iu  the  cutting, 
and  immediately  a  body  of  water  collects, 
to  tlie  great  injury  of  the  slopes.  The  work 
of  laying  in  deep  drains  is  very  costly,  and 
in  no  one  instance  on  the  railway  iu  ques- 
tion did  it  stop  the  progress  of  a  slip  for  a 
single  day  ;  bushes,  large  rubble  drains,  and 
pipe  drains  were  all  employed,  but  without 
the  least  effect,  and  the  slopes  had  cither  to 
be  got  out  flatter,  and  the  stuff  removed  in 
wagons,  or  retained  by  a  rubble  wall,  ac- 
cording to  the  third  method  hero  given. 

If  different  beds  are  met  vfith,  special 
methods  must  be  used,  as  benching  the 
slopes  at  places,  which  may  sometimes  be 
done  to  great  advantage.  The  weak  point 
of  a  cutting  is  the  toe  of  the  slope;  it  is 
usual  to  cut  a  grip  on  each  side  of  the  way 
to  run  off  the  water,  and  this  grip  often 
seriously  undermines  the  slopes,  and  causes 
many  slips.  This  may  be  to  a  great  extent 
prevented  by  using  pipes  instead  of  open 
grips,  and  covering  them  over  with  loose 
etonea,  taking  care  also  to  provide  gullcy- 
holes  to  catch  the  dirt  which  drains  into  the 
pipes,  and  would  otherwise  choke  them  ;  but 
the  best  way  of  protecting  the  toe  of  the 
slope  is  to  build  a  stout  rubble  wall,  as  sug- 
gested above  in  method  No.  1.  Without 
some  such  protection  the  slopes  are  in  con- 
tinual danger  for  long  after  they  arc  made ; 
they  may  stand  the  first  winter,  and  even 
the  second,  without  giving  the  least  sign  of 
a  slip,  and  yet  slip  for  nearly  their  whole 
length  at  the  third  winter,  and  give  great 
annoyance.  This,  no  doubt,  is  often  due  to 
the  effect  of  weathering  on  the  clay ;  but 
from  whatever  cause  it  arises,  it  at  least 
»how9  that  the  work  which  is  sufficient  for 
temporary  stability,  docs  not  always  suffice 
for  the  pcnnanent  security  of  the  cutting. 
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Iff  BRIDGE  OVER  THE  THAME& 

paper  before  the  Civil  »nd  Meohanieal  Engi- 
^  Soeiety  *'0n  the  bridge  over  the  Thamei 
inm  the  West  London  Extension  Railway." 
r.  LAwroBD,  M.  Inat.  C.  E. 

I  bridge  consists  of  five  segemental 
of  wrought  iron,  each  arch  having  a 
f  144  ft.  on  the  skew,  with  a  rise  of 
IT  l-9th  of  the  span.  There  are  also, 
Middlesex  side  of  the  river,  six,  and 
>  Surrey  side  four,  land  arches  of 
ork,  each  with  a  span  of  40  ft.  and  a 
10  ft.  The  total  length,  therefore,  of 
meture  is  1,270  ft.  The  abutments 
iers  of  the  five  main  openings  are 
^e  pieces  of  masonry,  and  are  carried 
epth  of  36  ft.  below  Trinity  highwater 
and  14  ft.  below  the  bed  of  the  deep- 
trt  of  the  river.  The  soffit  of  the 
s  It  the  crown  is  22  ft.  above  Trinity 
rater  mark,  in  accordance  with  the  re- 
nents  of  the  Admiralty.  The  level  of 
lis  is  26  ft.  above  Trinity  high-water 

The  width  of  the  river  between  the 
butments  is  776  ft.  on  the  skew  and 
.  on  the  square.  The  width  of  water- 
forded  is  720  ft.  The  angle  at  which 
dge  crosses  the  river  is  75  deg.  The 
it  depth  of  water  is  22  ft.  below  high- 
the  average  rise  and  fall  of  the  tides 
place  being  about  13  ft.  6  in. 
piers  were  constructed  in  cofier  dams, 
er  row  of  piles  being  5  ft.  from  the 
dge  of  the  lowest  course  of  masonry, 
sre  driven  to  a  depth  of  15  ft.  below 
I  of  the  river;  the  outer  row  were  5  ft. 
he  inner  row,  and  were  driven  to  a 
»f  only  8  ft.  from  the  same  point,  the 
tetween  the  two  rows  of  piles  being 
ith  puddled  clay.  At  the  conclusion 
work  the  outer  row  of  piles  were 
but  the  inner  row  of  piles  were  cut 
*1  with  the  bed  of  the  river.  As  the 
y  of  the  piers  proceeded,  the  space 
Q  them  and  the  piles  was  filled  with 
d  clay,  well  trodden  in  to  a  height  of  3 
ve  the  bed  of  the  river.  Each  pier 
on  a  bed  of  concrete  2  ft.  thick,  ex- 
5  3  ft.  beyond  the  lowest  course  of 
«.  On  the  concrete  is  laid  a  course 
k  landings,  1  ft.  thick,  and  projecting 
eyond  the  footings, 
foundations  are  carried  up  in  a  brick- 
0  within  2  ft.  of  the  bed  of  the  river, 
there  is  a  through  course  of  stone  2  ft. 

From  this  point  to  the  springing  of 
oh  the  pier  is  faced  with  picked  face 
ot  Bramley  Fall  stone.     There  is  a 


second  through  course  of  stone  half  way  be- 
tween the  bed  of  the  river  and  the  spring- 
ing, and  the  upper,  or  last  7  ft.  of  the  piers, 
including  the  springers,  which  are  3  ft.  thick, 
are  entirely  solid  stonework.  The  two  abut- 
ments are  built  similarly  to  the  piers,  except 
that  they  have  hollow  chambers,  filled  with 
gravel  to  a  heischt  of  3  ft.  above  the  springing 
of  the  arch ;  each  abutment  heing  just  on  the 
edge  of  the  river  required  only  half  a  coffer- 
dam for  its  construction.  All  stonework  of 
both  piers  and  abutments  ahove  springing 
height  is  tool  dressed.  The  concrete  used 
in  this  bridge  was  composed  of  five  parts  of 
gravel  to  one  of  blue  lias  lime,  and  the  mor- 
tar of  two  measures  of  sharp  sand  to  one  of 
the  same  sort  of  lime. 

Each  of  the  river  arches  is  composed  of 
six  wrought-iron  ribs,  arranged  in  pairs,  2  ft. 
6  in.  apart  from  center  to  center.  The  arch 
or  voussoir  of  the  four  main  or  inside  girders 
is  formed  of  §-in.  vertical  plates,  39  in.  deep 
at  the  springing  and  24  in.  deep  at  the  crown, 
with  double  angle  irons,  each  4  in.  by  3^-in. 
by  ^  in.,  top  and  bottom,  to  which  the  flanges 
are  attached  by  means  of  rivets.  There  is 
also  a  packing  strip  8  in.  by  ^  in.  between  the 
angle  iron  and  the  flanges.  The  flanges 
consist  of  two  g  in.  plates,  18  in.  wide.  The 
upper  member  of  the  inside  ribs  is  a  hori- 
zontal parallel  girder,  similarly  constructed, 
but  only  24  in.  deep,  throughout  its  entire 
length.  The  vertical  web  is  ^  in.  plate  from 
the  pier  to  the  point  where  the  upper  and 
lower  member  intersect,  i.  e.,  15  ft.  from  the 
center  of  the  arch,  and  from  this  point  both 
vertical  webs  are  f  in.  in  thickness.  The 
bottom  flange  of  the  horizontal  girder  con- 
sists of  one  plate  16^  in.  wide  by  ^  in.,  two 
angle  irons  3^  in.  by  3^  in.  by  \  iu.,  and  a 
packing  strip  8  in.  by  ^  in.  The  upper  flange 
is  15  in.  wide,  all  other  dimensions  being  the 
same  as  those  of  the  lower  flange ;  but  the 
top  plate  is  slightly  curved  inwards  towards 
the  rails.  In  the  two  outside  ribs  the  vous- 
soir is  constructed  as  already  described,  but 
is  30  in.  deep  at  the  crown  and  39  in.  at  the 
springing.  It  may  be  as  well  to  mention 
here  that  in  these  two  girders,  on  the  out- 
side faces  of  the  arch,  all  the  rivets,  except- 
ing those  in  the  angle  irons,  are  countersunk, 
no  cover  plate  either  being  visible  at  the 
joints.  The  whole  centre  web  presents, 
therefore,  the  appearance  of  one  smooth  un- 
broken plate.  This  center  web  is  |  in.  plate, 
the  two  flanges  are  single  ^  in.  plates  16  in. 
wide,  the  angle  irons  3^  in.  by  3 J  in.  by  ^  in., 
and  the  packing  pieces  8  in.  by  ^  in.     The 
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m  and  North- Western  Railways.  It 
>ened  for  public  traffic  on  March  2, 
since  which  date  some  hundreds  of 
haye  passed  over  it  daily,  and  I  am 
fue  thaty  up  to  the  present  time,  any 
e  whatever — ^beyond  the  maintenance 
road — has  been  incurred,  either  in  re- 
>r  otherwise.  The  bridge  was  only  16 
3  under  construction,  t.  e.,  from  the 
he  first  stone  was  laid  until  a  locomo- 
Lssed  over  the  river.  The  bridge  was 
everely  tested  on  January  7,  1863,  by 
m  Tyler.     The  narrow  gauge  load  con- 

of  two  locomotives  and  tenders,  funnel 
nnel,  and  two  tank  engines ;  total 
1  of  train  132  ft.,  total  weight  176  tons. 
>road  gauge  load  consisted  of  two  tank 
es,  in  the  same  position  as  the  narrow 
engines,  each  drawing  six  loaded  coal 
is;  total  length  of  train  276  ft.,  total 
92  tons  ;  these  two  loads,  collectively, 
equal  to  about  2J  tons  per  lineal  foot. 

the  narrow  gauge  load  passed  over 
arch  at  speed,  the  deflection  5-lOOths 
bot.     Second,  the  broad  gauge  load 

at  speed — same  result.  Third,  the 
gauge  load  on  one  road  and  narrow 

on  the  other,  both  passed  together 
To.  2  arch  at  speed.  On  going  over 
arch,  No.  2  rose  3-lOOths  of  a  foot, 
ing  over  No.  2  it  deflected  nearly  10- 
;  of  a  foot,  rise  and  fall  13-lOOths  of  a 
Fourth,  both  loads  were  brought  to 
I  No.  2  arch,  deflection  11-lOOths  of  a 
When  the  loads  passed  slowly  over 
arch.  No.  2  rose  2-lOOths  of  a  foot, 
nd  fall  13.100ths  of  a  foot.  Both 
*emained  stationary  for  some  time  on 
rch,  but  no  further  deflection  took 
and,  with  the  removal  of  the  load,  the 
s  rose  simultaneously  to  their  original 
.  Fifth,  the  same  thing  was  done  on 
arch  with  a  precisely  similar  result. 

the  same  experiment  was  made  on 
urth  arch,  and  in  exactly  the  same 
r  as  the  fourth  experiment — rise  of 
-lOOths  of  a  foot,  deflection  10-lOOths 
oot,  rise  and  fall  12-lOOths  of  a  foot. 
h,  the  same  thing  was  done  on  the 
rch ;  the  rise  was  2.100ths  of  a  foot, 
ion  8-100th8  of  a  foot,  rise  and  fall 
►ths  of  a  foot.     The  bridge  was  very 

throughout  these  experiments,  and 
ras  very  little  lateral  vibration,  even 
both  loads  passed  at  the  same  time  in 
me   direction,    either   slowly    or    at 
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CEMENT  FOR  ROAD  MAKING. 

From  the  '<  Building  Newi." 
If  there  be  one  thing  in  ordinary  life  in 
which  we  seem  to  have  made  little  improve- 
ment in  late  years,  it  is  surely  road  making. 
Compared  with  the  numberless  improve- 
ments effected  in  all  other  directions,  it  may 
seem  strange  that  we  have  learned  so  little 
wisdom  in  reference  to  this  important  pub- 
lic convenience.  Our  thoroughfares  are, 
sewers  and  drains  excepted,  very  much  what 
they  formerly  were.  The  traffic  has  im- 
mensely increased  ;  the  wear  and  tear  have 
proved  proportionately  great,  while  the  dif- 
ficulty of  interfering  with  the  traffic  to  exe- 
cute repairs  or  renewals  has  grown  more 
perplexing.  Streets  are  constantly  being 
pulled  up,  much  to  the  inconvenience  of  the 
public,  and  most  of  all  to  shopkeepers; 
while  newspaper  complaints  have  become  so 
customary  that  few  persons  heed  them,  and 
no  one  ventures  to  act  upon  them.  We 
think  the  whole  subject  of  road  making  de- 
serves full  and  scientific  inquiry,  and  he  will 
be  a  public  benefactor  who  can  lead  English- 
men* to  improve  their  methods  of  laying 
down  roads  with  greater  facility,  and  of 
making  them  less  perishable. 

It  is  not  because  we  think  the  use  of  Port- 
land cement  for  road  making  will  effect  all 
we  want  that  we  direct  attention  to  its  em- 
ployment for  our  public  thoroughfares.  By 
many  it  is  at  present  regarded  as  little  else 
than  a  novelty,  and  may,  perhaps,  be  so  con- 
sidered for  some  time  to  come.  A  few  years 
since  Mr.  Joseph  Mitchell,  until  recently  a 
general  inspector  of  roads  and  bridges  in  the 
northern  counties  of  Scotland,  paid  particu- 
lar attention  to  the  subject  of  macadamized 
roads.  The  cost  of  maintaining  these  roads, 
it  is  well  known,  is  a  considerable  item  in 
all  local  accounts.  He  made  experiments 
which  proved  that  a  cubic  yard  of  macada- 
mized stone,  when  well  pressed  down  in  a 
box  with  a  capacity  of  27  cubic  ft.,  contains 
11  cubic  ft.  of  vacuities;  and  that  a  road- 
way covered  with  12  in.  of  metal,  before  it 
is  consolidated  into  a  smooth  and  useful  sur- 
face, has  a  large  portion  of  its  stones  crushed 
into  small  particles.  He  also  discovered 
that  more  than  one-third  of  its  dimensions 
consisted  of  mud  and  sand.  The  result  con- 
sequently has  been  that  the  stones  in  such 
a  roadway,  where  the  traffic  is  heavy  and 
wet  weather  frequent,  disintegrate  to  a  very 

*  If  the  subjeot  ii  uniettled  in  BdkImkI.  what  ii  il 
in  AmerioaT— Bn.  F.  N.  M. 
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great  extent;  the  greater  the  traffic,  the 
greater  the  quantity  of  mad  generated* 
Six  or  twelve  months*  traffic  will  play  sjid 
havoc  in  moat  of  our  puhlitj  thoroughfares, 
aa  wc  all  know  ;  and  not  even  the  hardest 
Btone  can  stand  the  heavy  traffic  of  our  great 
cities  and  towns.  The  ordinary  mode  of 
laying  down  streets  aceouiitb  for  much  of 
this  failure.  We  have  before  now  denounced 
the  loo.^e  methods  which  obtain  throughout 
the  country  in  reference  to  this  matter. 
Nothing  seems  more  absurd  or  primitive 
than  to  lay  the  granite  in  a  bed  of  sand, 
beating  it  down  a  few  inchcsi  and  then  cov- 
ering the  interstices  with  sand  that  the  first 
rainfall  will  speedily  reduce  to  mud  or  wash 
away.  And  yet  this  is  the  ordinary  process 
of  constructing  roadways^  a  proccRs  which 
necessarily  leads  to  each  stone  being  insu- 
lated, and,  resting  on  a  yielding  surface,  to 
give  way  very  speedily.  Mr.  Mitcliell 
found  that  in  a  street  so  constructed  the 
ends  of  the  causeway  stones  were  worn 
down  after  twelve  months*  traffic  from  one- 
half  to  three-quarters  of  an  inch.  This,  of 
course,  arose  from  the  fact  of  the  percussion 
of  the  wheels  of  carta  and  carriages  falling 
from  the  center  of  one  stone  on  to  the  joint 
of  the  two  adjoining,  which  sank  from  the 
pressure.  **  When  a  stoue/'  he  says,  **  has 
gunk  bodily  from  one-half  of  an  inch  to  an 
inchi  or  when  a  little  hollow  occurs  in  the 
pavement  of  the  street,  it  will  commonly  be 
found  that  the  adjoining  stones  are  much 
worn,  the  hollow  on  the  surface  increasing 
the  force  and  effect  of  the  percussion  of  the 
wheels.  The  greater  the  hoUow  the  greater 
is  the  tear  and  wear  from  the  strokes  of  the 
wheels.** 

It  was  these  and  other  facts  which  led 
Mr.  Mitchell  to  consider  the  propriety  of 
using  Portland  cement  for  roadways.  Mr. 
Mitcheirs  plan  is  exceedingly  simple,  aitd 
its  simplicity  commends  it  to  all  minds. 
He  first  lays  down  a  bed  of  cement  concrete 
three  inches  deep,  instead  of  pro\ading  a 
yielding  surface.  In  cases  where  gravel  is 
more  easily  procured  and  is  cheap,  it  may  be 
used  instead  of  macadamized  stone.  The 
concrete  soon  gets  firm,  and  of  course  ex- 
cludes all  moisture  from  below.  He  then 
places  the  paving-stones  on  this  ba.se,  and, 
when  brought  to  a  perfect  form,  the  joints 
tfkre  filled  with  cement  grout.     The  paving- 

nnen  are  five  inches  deep  and  three 
'!«  wide,  a  width  of  three  inches  being 
1 1  lo  give  a  better  hold  to  the  horses* 

It  thau   the  ordinary  widths  of  4  or  4 J 


inches.  He  holds  that  wbcfi  prupcsHt  i 
solid ated  such  a  surface  ia  perfrdfj 
movable  to  traffic  otsd  inipertlciail^i 
ure.  If,  he  add^,  the  cnnsemmj  W 
made,  no  irregularities  cm  the  mfmei 
occur ;  when  they  do  exbi,  il  in  alt '' 
to  defective  workmnmiUip. 

This  plun  has  beeo   tried  In  ihioe  i 
with  varied  results,  in   the  first  * 
verness,  in  1865  ;    and  at  the  ead 
years,  having  been  subjected  to  a  he* 
traffic,  the    road    was   perfectly  f*^ 
quiring  no  repairs,  and  presenting  m  msikU 
contrast  to  the   macadamixcd  rosdwiy  i^ 
joining  it.     The  second  attempt,  in  L«»4ii| 
is   an    admitted    failure.      In  thi»  ctat  lb 
traffic   was  much   more   severe   and   trfil^ 
Mr.  Cowper,  the  then   Chief  Commi">K 
of  Works,  consented  to  the  inTenti 
down  100  yards  of  his  new  road  on  * 
in  St.  James *s  Park,  at  the  foot  of  i\ 
Park.     The  surface  sul>se*|uentlv  \>' 
under  the  heavy  traffic,  much  to  the  f  r\  r 
of   the    inventor.     For   some    limp  t      .. 
puKzle<i,  but  at  last  he  solved  the  ni vv   j 
It  would  appear  that  the   roadway  at  cac^ 
end  of  the  experiment  was  macadaiatied al 
the  time  when  the  expf'rtmeiit  waj  asd^, 
and  inadvertently  the  contn^olor'a  wurfci< 
were  allowed  by  the  person  in  eliarg«  to  piM 
their    roller    from    end    to    end    btfoh    l\l 
cement    was    properly    con 
consequence  was  that  the  «  r 
ure  of  the  cement  being  injur    1.  :i     •   'i 
of  the  road  was  found  to  need  rrp^Air  tii/ tra- 
its yielding  to  the  incessant  traffic.     It  i^ 
pears  to  have  been  repaired  by  a  ooattiig  tt 
two   inches   of  macadamized   stonet  wmkk 
was  rapidly  ground  down  on  the  hardens 
creto    by  the  vehicles.     Mr.  Mitchell  A* 
serves  in  his  account  of  the  fkilur?  dt  iha 
experiment :    •*  As  the  bottom  was  eotire  isi 
consolidated,  had  a  coating  of  two  or  thfii 
inches  of  concrete  been  laid  down,  witA  ill 
required  time  to  consolidate,  it  wodil  ttafi 
answered  all  the  purposes  coutemptatinK  h«l 
the  surveyor  deemed  it  his  duty  to  rewtfft 
the  concrete  surface  en  tire  U%  which  VB«  rat| 
done  at  great  trouble  by  means  of  tftcif 
and  iron  crowbars." 

Mr,  Mitehcll  was,  how«vcf»  doI  to  bt 
beaten.  All  inventors  muvf  :  "  aguial 
failure  in  the  early  history  ru|irwT»* 

ments,  and  the  lesson  den  i' 

perimcnt  made  in  the  met;  i 

will  be,  of  use  to  him  in  the  future  il** 
third  attempt  was  at  Edinbttrgb,  al  St. 
George's  bridge,  and  at  the  end  oif  t«elvt 
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Mnths  the  roadway  was  reported  to  be 
■md  and  immovable,  notwithstanding  the 
MtTj  traffic  which  it  is  well  know  passes 
ner  this  important  thoroughfare.  One  lit- 
bfniliire,  however,  occurred,  through  inez- 
Hvience.  Small  hollows  showed  themselves 
il  the  end  of  the  winter,  at  the  joiuings 
iiong  the  center  of  the  roadway.  These 
UllowB  were  soon  filled  up,  and  the  result 
im  since  been  eminently  satisfactory. 

It  kaa  been  objected  to  these  pavements 
luii  they  produce  more  noise  than  the  ordi- 
wy  roadways;  but,  while  admitting  this, 
t  is  urged  that  the  noise  from  the  vehicles, 
lumgh  greater,  is  different,  being  more  of 
.  linffing  sound,  as  if  the  street  were  bound 
ip  with  frost. 

The  question  of  cost  is  an  important  con- 
ideration.  It  would  seem  that  the  concrete 
oad  at  Edinburgh  cost  6s.  8d.,  and  the 
ttved  road  17s.  per  square  yard,  in  addition 

0  la.  8d.  per  square  yard  for  excavating 
ad  removing  the  old  road,  and  watching. 

1  mast  be  remembered  that  the  roadway 
ras  but  small,  and  had  the  experiment  been 
•  a  larger  scale,  the  cost  might  have  been 
OBsiderably  less.  The  cement  being  cheap- 
r  in  London,  the  cost  of  concrete  roads 
roald  be  proportionately  less.  A  firm  of 
tngineers  in  Edinburgh  made  experiments 
»o  Mr.  Mitcheirs  roadway,  by  which  they 
liscovered  that  it  enabled  loads  to  be  drawn 
it  a  much  less  cost  in  tractive  power.  Thus, 
re  are  told  that,  as  the  result  of  the  super- 
or  evenness  and  solidity  of  the  roadway,  a 
ragon  of  two  tons'  weight  ascending  a  gra- 
lient  of  1  in  80  required  a  traction  of  70  lbs., 
rhile  on  a  common  macadamized  road,  the 
lame  weight  required  a  traction  of  140  lbs. 
rhe  difference  of  one-half  is,  of  course,  a 
iride  one.  Again,  on  a  road  with  wheel 
Meks  through  new  metal,  340  lbs.  were  re- 
)uired ;  and  on  a  road  newly  covered  with 
metal,  560  lbs.,  all  the  gradients  being  1  in 
SO.  This  point  of  the  conservation  of  power 
is  an  important  one,  and  speaks  favorably 
for  the  new  road. 

Undoubtedly  almost  everything  depends, 
in  the  construction  of  these  roads,  upon  the 
quality  of  the  cement  and  the  carefulness 
with  which  the  work  is  superintended  and 
done.  The  inventor  holds  that  the  Port- 
land cement  should  be  of  the  best  quality, 
ind  tested  to  bear  a  tensile  strain  of 
MO  to  600  lbs.  on  a  bar  1.^  in.  square. 
The  cement  must  be  allowed  time  to  har- 
den ;  a  month  was  found  sufficient  in  Edin- 
burgh.    This  adds  to  the  difficulty  of  using 


the  material  in  the  metropolis,  where  the 
roads  are  required  for  use  immediately  they 
are  laid.  It  has  been  suggested  that  cement 
blocks,  properly  tesicd,  should  be  used,  and 
this  would  obviate  the  difficulty  we  have 
pointed  out.  At  any  rate,  we  hope  that  Mr. 
Mitchell  may  yet  bo  permitted  to  make 
another  experiment  in  London,  where  we 
have  reason  to  believe  it  would  be  as  suc- 
cessful as  in  Edinburgh.  Mr.  Reid,  C.  E., 
has  expressed  his  opinion  that  an  engineer 
might,  with  duly  prepared  and  tested  cement 
blocks,  re-lay  the  whole  extent  of  London 
Bridge  in  fourteen  days.  Such  an  event 
may  not  be  altogether  impossible. 


THE  METRIC  SYSTEM. 

From  A  leotare  by  the  Rev.  Joseph  A.  Oalbbaith. 
F.T.C.D. 

From  the  «  Soientifio  Opinion.'' 

The  jurors  of  the  International  Exhibi- 
tions of  1851,  1855,  1862,  and  1867,  all 
agreed  to  recommend  the  general  adoption 
of  the  metric  system  by  civilized  countries. 
The  International  Statistical  Congress,  held 
at  Brussels,  Paris,  Vienna,  London,  Berlin, 
and  Florence,  reported  in  favor  of  its  adop- 
tion. There  is  a  permanent  committee  of 
the  British  Association,  called  the  Metric 
Committee,  whose  object  is  to  forward  the 
adoption  of  this  system,  for  the  sake  of  the 
benefit  it  would  confer  upon  scientific  inves- 
tigators, engineers,  and  students  in  the  vari- 
ous arts  and  sciences. 

The  metric  system  is,  at  present,  used 
throughout  Europe  and  America  by  a  popu- 
lation of  150,000,000  of  people.  Nearly  60 
per  cent  of  the  total  export  and  import  trade 
of  the  United  Kingdom  is  carried  on  with 
people  using  the  metric  system. 

The  fundamental  principle  of  the  metric 
system  is  that  it  should  be  international. 
This  appears  from  the  report  of  the  Academy 
of  Sciences,  signed  by  its  president,  Cordor- 
cct,  and  presented  to  the  National  Assembly 
in  March,  1791,  by  M.  Talleyrand.  The 
report  states  that,  after  careful  consideration 
of  the  question,  the  Academy  had  come  to 
the  conclusion,  that  every  arbitrary  consider- 
tion  should  be  excluded  from  the  proposed 
system ;  that  it  should  not  possess  any  fea- 
ture which  could  raise  even  a  suspicion  of 
the  particular  interest  or  infiuenoe  of  France. 
In  a  word,  the  Academy  desired  so  to  frame 
the  system,  that  if  its  principles  and  details 
alone,  apart  from  its  history,  should  descend 


IH 
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to  posterity,  it  would  be  impossible  to  divioe 
hy  what  nation  it  was  designed  or  executed. 

C0UIITRIE6    IX    WHICH    THB     1C£TK1C     flTSTKM     HA« 
BSVJt    WUOLLT   JLUOnK,J>, 

PopiiKition. 

France,  with  Algiers 4r>,,>Utl,rMM> 

Belgium 5.CMrti.i)fM> 

Netherlands  and  Coloniea 2;^st>iHn  hm> 

Italy 24,1)01), t)ut> 

Piipal  SUtes , 7tK),fHMi 

Spiiia  and  Colonies 21 ,0<1<J,WHJ 

Portugal  and  Colonies .....  8,(HXXtHJC» 

Gree<^  . .  * 1 ,  t!CK i ,  i  if lO 

Mexico 8,iM  W),00(> 

Chili l,6fMi,*>(M> 

Brazil 8,0ih};(K>CI 

New  Grciuulii li j  M K),iH)0 

Other  South  Ami^rioa  EepubUGii ^,lN>o,o<>4i 
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OOUIfTatKS  IN  WniCB  THE  MET1UC  SY9TBlf  Q^B  BSEX 
PJtaTLT  Apf*PTED, 

Population, 

Switserlaad ,     :l,l,m,Om 

Haiiae  Towns. . , , ,        WX);tHH) 

Denmark 3,(MH),(M  W» 

Austria 37,000,000 


43,tX)O.0D0 


couivTaiES  WEsaa  rr  is  paaiciMtva. 

population. 

United  Kingdom 29,000,000 

United  Stales  ol*  America 81  pOCW.UOO 

Prussia  and  North  Gurmaiiy 30,000,000 


90,000,000 


Principles  and  Nomenclature  qf  the  Metric 
Systenu — I,  It  is  international.  It8  tVamert* 
intended  it  to  be  so,  and  ho  well  carried  out 
their  principle,  that  nearly  200,000,000  peo- 
ple have  already  adopted  it. 

%  Its  principal  units  are  derived  from 
natural  atandards ;  the  dimensions  of  the 
earth,  and  the  weight  of  water. 

3,  It  is  rational,  because  all  its  parts,  pro- 
ceeding regularly  from  the  unit  of  length, 
are  oonneoted  together  by  rational  relations. 

4,  It  is  decimal,  that  is  to  say,  all  its 
pitfta  are  multiples  or  submultiplea  of  the 
number  ten  on  which  our  aritkmetie  is 
founded. 

5,  The  nomenclature  is  simple,  expres- 
BiTe*  and  well  adapted  for  international  u«e. 
It  consists  of  only  eleven  words.  The  name 
of  each  weight  or  measure  tells  itw  own 
•lory,  and  as  all  the  words  are  derived  from 
the  Greek  and  Latin  languages,  in  which  all 
eiviliaed  countries  have  an  eijual  interest,  no 
national  sentiment  is  interfered  with. 

VnU  of  Length.— To  efetabli^h  the  unit  of 


length,  the   Commiafiion   appatnlil  V*  -^ 
French  Government  proceeaod  %0 1. 
the  length  of  a  quadrant  of  tlie  €arv 

the  measured  length  of  an  arc  a(  it 

dian,  the  extremitien  of  whicL 

loiia  and  Dunkirk,  stations  nL. 

north  and  south,  and  eouji 

latitude,  situated  very  nea. 

side  of  the  mean  latitude  4tj 

linear  standard  used  in  this  bi 

toise  of  Peru,  so  called  from  u 

used  by  Lacondamine,  in  the 

the  measurement  of  the  Peruvi 

toise  or  fathom  was  divided  i;..         - -» 

fuut  into  VI  in.,  and  the  inch  into  It  iaik 

The  calculation  founded  on  the  mea^*"^ 

of  the  Barcelona- Dunkirk  arc  ga^» 

length    of  the   quadrant   of  the    > 

54:^0,740.75  toises,  from  which  thi 

of  lines  may  be  calculated  a^  foUo* 

6,130,740  75  ToiiM.* 
ft 


k 


80,781,444^  r*^* 


S69,413,3a0.40  IndiM. 
IS 


4,432,959,9^.80  Llwu. 

The  ten-millionth  part  of  thi§  wi 
m  the  meter  or  unit  of  length*     TK«nfat 
Meter  =  443/29G  Limsa. 

Unit  of  Lajid  Measure, — The  imit  of  kil 
me&^ure  is  the  are,  and  is  eqmd  to  a  ifVt 
having  for  it^  side  a  line  of  ten  mtten. 

Urdt  of  Capacity  or  of  Liquid  ami  A| 
Measure. — ^The  unity  of  ca^haeity  is  t^  IfMf, 
and  is  equal  to  a  cube  having  for  itn  side  «••- 
tenth  of  a  meter, 

Urtit  of  Weight, — The  unit  of  we?-ll  u 
the  gram,  and  is  the  weight  of  r  \i 

water  having  for  it^  side  une-hu  iS% 

of  a  meter. 

Multiples  and  SuhmuUiptei, — The  m«W* 
pies  of  these  units  are  exprcs9ed  by  vstSaM 
taken  from  the  Greek  languAg^  and  arc  ai 
follows : 

DecA,  signiiying  Ttn  Umtm. 

Hccto,  *'  HutiditMi  titnea 

Kiln,  ''  Thmumi  timai. 

M} Tin,  '*  Ten  ttieosasid  tJwa 

The  ftubmultlplea  are  expressed  hj  ft^ 
6x68  taken  from  the  Latin  laogitage,  m  tfi 

as  follows : 


Deci,  sigaiTytug 

CvTltl, 

Mini,  ** 


Terrt^  Itart. 


*  There  b  mirely  aoine  mliiaJLr  h*  ^  -l^ 
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no  TABLS  OF  THS  HSTRIC  SYSTEM. 

Umts. 

METBE— ▲XK— UTKK— OKAX. 

times,  Mjria. 
•^       Kilo. 
"       Hocto. 
"       Deca. 

Unit 

Deci,      10th  part. 
Centi,   100th    " 
MUli,  1,000th    " 

nation    of   Tables. — The    tables    of 

land  measare,  capacity  and  weight, 

dilj  formed  by  placing  the  respective 

n  the  place  of  unit  in  the  synoptic 


h. 


iter 

er 

ster 


ter 
«r 


Land 
measure. 


Hectar 


Auk. 


Centiar 


Capacity. 


Hectoliter 
Decaliter 

LiTsa. 

Deciliter 

Centiliter 

Milliliter 


Weight. 


Kilogram 

Hectogram 

Decagram 

Gkax. 

Decigram 

Centigram 

Milligram 


lay  be  observed  that  some  of  these 
are  more  extensive  than  others ;  ac- 
;  to  the  nomenclature  they  should  be 
erm  for  term,  but  practice  has  deter- 
the  limits,  as  given  above. 
turn  of  Weight  and  Linear  Measure. — 
ing  to  the  metric  system,  the  unit  of 

or  the  gram,  is  the  weight  of  a  cubic 
5ter  of  water ;  therefore,  one  thousand 
),  or  one  kilogram,  is  the  weight  of  a 

cubic  decimeter  of  water ;  one  thou- 
ilograms  is  the  weight  of  a  cubic 
of  water.     This  weight  is  called   a 

or  metric  ton. 

ic  Units  expressed  in  English  Mea* 
The  following  table  of  values  is  the 
if  exceedingly  accurate  measurements 
cnlations : 

Meter  =  89.870790  Inches. 
Are     =3  119.60888  square  yards. 
Liter  =     61.02705  cubic  inches. 
Gram  =  15,482.848  grains  troy. 

•oximate  Equivalents. — The  following 
yf  approximate  equivalents  answers 
)11  for  calculations  in  which  extreme 
rj  is  not  required : 


LIVOTH. 

64  meters        ss  70  yards. 
25.4  miUimeters  =r  1  inch. 

LAUD   XIASUaS. 

1  are   b:  4  perchet. 
10  ares  =  1  rood. 
1  hectar  =  2j  acres. 

LIQUID  AVD  DKT  XXAAUEX. 

4i  liters         =    1  gallon. 
1    hectoliter  =  22  gaUons. 

WKIOHT. 

1  kilogram  =  22  lb.  av. 
80  grams      =  17  drams  av. 

LIVEAR  SQUAJtl   AHD   CUBIC  XIASUai. 

10  meters         =11  yards. 
10  sq.  meters    =  12  sq.  yards. 
10  cub.  meteis  =  18  cub.  yards. 

How  to  make  a  Mettr. — Measure  off  on  a 
slip  of  wood  3  ft.  3  in.  and  3  eighths,  divide 
this  length  into  ten  equal  parts  for  decime- 
ters, into  100  equal  parts  for  centimeters, 
and  into  1,000  equal  parts  for  millimeters. 

This  meter  b  larger  than  the  standard 
meter  by  only  one  part  in  ten  thousand,  and 
may,  therefore,  be  considered  as  practically 
accurate. 

How  to  make  a  Liter. — Take  a  piece  of 
card-board,  and  on  it  construct  a  square 
whose  side  shall  be  3  decimeters ;  subdivide 
this  into  9  square  decimeters,  cut  away  the 
comer  squares,  and  bend  up  -those  which 
remain  into  a  cubical  vessel. 

How  to  make  a  Kilogram. — Balance  a  liter 
on  a  pair  of  scales  with  an  exact  counter- 
poise ;  fill  the  liter  with  cold  watery  the  ad- 
ditional weight  which  will  be  required  to 
restore  the  balance  will  be  a  kilogram.  On^ 
thousandth  part  of  this  will  be  a  gram. 

Retention  of  the  Pound  Weight. — In  coun- 
tries which  use  the  metric  system,  the  pound 
is  just  as  familiar  as  with  ourselves.  The 
half  kiloeram,  or  weight  of  500  grams,  is 
universally  called  the  pound,  and  is  used  in 
retail  transactions.  If  this  weight  be  called, 
as  it  is  in  Prussia,  the  new  pound,  we  shall 
have 

10  new  pounds  =  11  lb.  av. 

Prices  by  the  pound  should,  therefore,  be 
increased  by  10  per  cent  if  we  adopted  the 
metric  system.  Since  10  meters  =  11  yards, 
the  same  observation  may  be  made  as  to 
prices  by  the  yard. 

Consequent  Disturbance  of  Trade. — ^The 
prices  of  nearly  every  commodity  are  quoted 
by  the 

Hundredweight  =r     112  lb. 
Ton  «  2,240  lb. 

These  weights  are  only  ^th  part  leas  ihwi 
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the  corresponding  weight  used  in  Continen- 
tal buaintJss — namely* 

Centner  =      6<)  kilogrnms  =     llOj  lb. 
Ton        ==  1,(K14)  kilujriama  =  2,205    lb. 


even  two  hundred  feet  abore  i\t  pb  n 
accord  itig  to  the  thicknefit  tif  iIk  ^  i 
the  rapidity  of  the  carrent.    B«l  Uui4 
nut  alter  the  fact  that  all  tW 
water  in  front  of  the  how,  »»tipw»»f  1 
to  ho  at  rest,  would,  if  fairl 


The  consequent  change  in  quotations  would 
amount  only  to  3M.  in  the  £\  ;  a  change  so.  ,      ,.        -  ax 

trifliiiE  woM  caute  little  or  no  dislurbunceh^^t  the  diversion  caused  hj 

in  daily  buHine.8.  ^  «^  "  ^^^^  ^*^^^^'     ^«  ^*'^^' 


THE  FORMS  OF  STEAMSHIPS. 

From   '*  Englufiering,'* 

At  the  time  when  the  principal  resistance 
to  the  motion  of  vesseln  through  water  wa§ 
believed  to  be  head  resistance^  or  so-called 
midship  section  resistance— and  the  time  is 
not  80  long  ago — nearly  all  attempts  at  im- 
provement in  form  consisitod  in  fining  the 
bow  and  stern;  in  diminii^hing  the  area  of 
midbbip  section,  or  rather  in  providing  a 
given  displacement  by  means  of  longer,  nar 
rower,  and  shallower  ships  ;  and,  finally,  by 
introducing  Mr,  Scott  Kusseira  elegant 
refinement  of  wave  lines*     It  was  very  long  •  alone 


ago  evident,  however,  that  there  was  another 
resistance,  viz:  that  occasioned  by  the  ad- 
hesion of  the  water  to  the  entire  wetted  sur- 
face of  the  vessel — a  resistance  now  widely 
and  well  known  as  **Hkin  friction."  All 
resistance  that  was  not  head  and  stern 
rositttance  was  undeniably  skin  friction,  since 
there  were  no  other  known  or  coneeivablc 
resistances  to  be  overcome.  But  while  ves- 
'gelfl  were  propelled  by  sails  only,  it  was  im- 
possible to  ascertain  the  real  amount  of 
power  expended  in  driving  tbem,  and  thus 
there  were  no  means  of  ascertaining  the 
relative  proportions  of  the  two  kinds  of 
resistance  to  each  other. 

It  was  possible,  even  then,  however,  to 
calculate  nearly  the  amount  of  head  resist- 
ance for  a  vesstd  of  given  midship  section 
and  given  angle  of  bows  at  any  given  speed 


angles,  and  with  the  aamc 
of  the  vessel  itself,     Thu«,  if  tt 
of  the  vessel  were  17 J  ft.  p«r  >v.  . 
responding  to  about  li>i  knot*  an  K< 
water  would  be  turned  a^idc  with 
velocity  of  17 J   ft.  per  second, 
ing  to  a  head  of  4.G  ft.,  and  thw  w< 
casion  a  head  resistance  of  2  lb«.  per 
inch  over  the  whole  mi ' 
vessel.     If  the  midshii 
vessel  of,  say,  36  ft.  beam  and  !>»  iu 
were  500  sq,  ft,,  or  72,i»0*^  xr;    in.,  lb* 
resistance  would  be  14  i  and  il 

given  speed  of  17  J  i'i.  pv-  or  1,<*<0 

per  minute,  about  4,540  horse  power 
be  required  to  overcome  the  head 

Supposing,  also,  that  the  aUn 


cut  square  across,  the  water  fmUbg  h 
hind  it  would,  on  striking,  be  as  niiidiMfi 
tlie  general  level  of  the  sea,  and  thm  ti«i 
would  be  a  corresponding  minua  reidilaMi* 
representing  an  additional  4,540  horse  fflVH* 
making  [l.OSO  horse  power  requisite  fmfi^ 
pulsion,  apart  from  akin  friction  aloi^lili 
bottom  and  sides. 

This  would  appear  an  astonishing  meijan 
of  resistance  at  so  moderate  a  speed  i»  U*l 
knots,  and  for  a  ship  of  Bueh  moderate  md- 
ships  section,  but  it  is,  we  bcdieve,  «*rrr<l 
As  soon,  however,  afi  we  alter  the  bowiia^ 
stern  to  a  wedge  form,  the  head  and  flen 
resistances  diminish  rapidly,  in  hei  il  ^ 
portion  to  the  square  of  the  sine  «f  lk« 
angles  to  which  the  bow  and  f;t«nt  irc 
beveled.  If  these  formed  an  angle  <^  boi 
30^*  on  each  side  of  the  keel,  the  bow     * 


A  flat-fronted  or  square-ended  bow,  moving  i  stern  thus  forming,  each,  an  eqailalafil  t^ 
at  any  given  velocity,  would,  it  is  trne,  carry  I  angle,  the  head  and  stem  resistano*  wiaM 
before  it  a  wedge  of  what  may  be  called]  be  diminished  to  one-fourth  of  what  Wi 
dead  wati^r,  and  although  the  identical  been  estimated  for  a  flat-ended  hov  aaa 
water  thus  carried  might  be,  from  time  to. stern,  supposed  to  strike  and  rwdrt  tkt 
time,  changed  by  internal  currents,  gene- '  water  at  right  angles  to  their  fao«f«  If  t*^ 
rated  by  fluid  friction,  this  bow  of  dead 'bow  and  atern  wera,  each,  made  twkt  •• 
water  would  divide  and  turn  aside  the  wat^3^'  long  as  their  width,  giving  an  angle  rf  I  a 
in  front.  The  case  is  the  same  as  that  to!  4,  or  14**  80',  on  either  side  of  the  krjl*  tk 
be  noticed  on  the  up-atreara  side  of  bridge  [  water  would  be  turned  aside  and  afWrwarf* 
piers,  where    floating   objects   are    seen    to  replaced   with   hut  one*foarth  the  filocitf 

estimated  in  the  case  of  the  w^ttar»-€BiW 
bow  and  stern,  and  the  power  thu«  nw|«rrf 


r diverge  from  the  general  direction  of  the 
Durrent,  preparatory  to  their  taking  one  or 
he  other  aide  af  the  pier>  one  hundred  or 


would  be  but  one-aixtee&th  that  S»t 
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tbe  power  required  being  always  as 
loare  of  the  velocity  of  lateral  dis- 
lent.      If  the   bow   and  stern   were 
beveled  to  an  angle  of  1  in  6  or  9^ 
OD  eilher  side  of  the  keel,  the  length  of 
and  stem,   respectively,  being   three 
the  breadth  of  beam,  the  head  and 
i  resistance  would  be  but  the  one-thirty- 
i  part  that  first  estimated;  and  if  an 
^^Jjleof  1  in  8,  or  7*  10',  were  adopted,  the 
*•  "^^  uid  stern  resistance  would  fall  off  to 
V^teme-sixty-fourth  that  estimated  for  the 
-  ^tapMr»i.ended  bow  and  stern.     It  is   thus 
tttt  the  head  and  stern  resistances  fall  so 
»  ^pidlj,  as  the  bows  and  stern  are  made 
wrand  finer,  and  that  they  soon  cease,  as 
Vr*  Phipps  has  shown  in  his  letters,  to  form 
-    Ika  principal  resistance.     But   the   resist- 
aiee  implied  by  a  wedge  formed  bow  and 
Itani  is  a  resistance  involving  the  loss  of 
difmitting  the   water,  displaced   laterally, 
with  a  final  velocity  sufficient  to  carry  it 
btjond  the  mid-body  of  the  hull,  whereas  it 
■hoald  fall  to  rest  alongside.     Every  inch 
of  motion  of  the  displaced  particles  which 
earries  them  beyond  the  ship's  beam  is  a 
direct  loss  of  power.     The  fore  body,  there- 
Ibre,  is  eased  off  by  a  curve  connecting  it 
with   the    mid-body  to   diminish   the   dis- 
pUeing  motion,  or,  rather,  to  allow  the  dis- 
placed particles  to  drop  of  themselves  into 
their  proper  places  by  expended  momentum. 
Finally,  by  hollow  water  lines  at  the  en- 
trance, the  shock,  whatever  it  may  bo,  of 
instantaneously    giving    to    the    displaced 
water  its  full  Uteral  velocity  is  greatly  les- 
sened and  nearly  extinguished,  by  setting  it 
gradaally  into  a  motion  like  that  of  a  pen- 
dnlam. 

Following  the  same  general  principles  in 
forming  the  stem,  we  reach  a  point  where 
the  head  and  stern  resistances  may  be 
diminished,  in  some  coses,  to  the  one-hun- 
dredth part  of  those  attending  a  flat- fronted 
bow  and  a  flat-backed  stern. 

Simple  and  obvious  as  this  general  view 
of  the  resistances  to  the  motion  of  vessels 
through  water  may  appear,  the  subject  is 
one  which  has  very  seldom,  if  ever,  we 
think,  been  popularly  treated,  and  it  is  one 
upon  which  misconceptions  may  be  easily 
formed  from  the  many  apparent  difficulties 
with  which  a  first  view  surrounds  it.  If  not 
a  spontaneous,  it  is,  at  least,  a  not  unwill- 
ing acknowledgement  to  say  that  son^e  of 
these  mbconceptions  have  been  embodied, 
before  now,  in  our  own  columns,  and  Mr. 
Phipps,  who  h^  so  well  ppnsidered  the  phe- 


nomena of  the  hydraulics  of  marine  propul- 
sion has  done  good  service  in  suggesting,  in 
his  own  courteous  manner,  what  was  to  have 
been  said  to  the  contrary. 

If,  then,  as  can  be  estimated  with  tolera- 
ble exactness,  we  know  the  effective  engine 
power  actually  utilized  in  driving  a  steam- 
ship, or,  in  other  words,  its  absolute  resist- 
ance; and  if  we  then  find  by  calculation 
that  the  head  and  stern  resistances  form  but 
a  small  fraction  of  this  resistance,  the  re- 
mainder can  be  nothing  else  than  skin  fric- 
tion, since,  as  already  observed  at  the  com- 
mencement of  this  article,  there  are  no  other 
known  or  conceivable  resistances  beyond 
those,  of  course,  of  wind,  tide,  and  currents, 
to  be  overcome.  It  must  be  acknowledged 
that  we  have  long  ago  passed  that  stage  of 
improvement  in  the  forms  of  vessels  which 
left  their  resistance  of  form  a  minimum  and 
their  resistance  of  surface  a  maximum. 


THE  New  Wonders  of  the  World. — 
Under  the  heading,  ^*  Mirabilia  Mundi : 
VIII,  IX  et  X,"  '^Engineering*'  says:  The 
Suez  (janal.  which,  not  a  dozen  years  ago, 
was  ridiculed  here,  in  engineering  England, 
as  a  visionary,  if  not  an  impractical,  scheme, 
will  be  virtually  completed  this  year,  and 
Captain  Tyler  is  already  reporting  to  the 
Board  of  Trade  upon  the  probable  early 
passage  of  large  ocean  steamships  direct 
from  Port  Said  to  Suez,  on  their  way  from 
Southampton  to  Bombay.  After  passing 
through  the  impossible  stage,  and  landing 
safely  on  the  improbable,  this  great  work 
was  said  to  be  one  of  £.  s.  d.,  as,  indeed, 
most  works  are,  and  money,  it  was  said, 
could  not  be  found  to  make  it.  But  it  will 
not  have  cost,  according  to  authoritative 
statement  more  than  £10,000,000  when 
completed,  a  cost  not  so  very  far  beyond 
that  estimated  for  the  Metropolitan  Kail- 
way  system  with  its  extensions. 

The  Pacific  Railroad,  completing  the 
chain  of  railways  3,300  miles  long,  from 
New  York  to  San  Francisco,  or,  in  other 
words,  connecting  the  Atlantic  and  Pacific 
oceans,  has  already  been  opened  this  year, 
although  in  an  incomplete  state.  But  it  is 
something  that  passenger  trains  are  mnning 
daily  over  1,721  miles  of  a  continuous  new 
line,  made  wholly  within  the  last  three 
years,  and  crossing  a  mountain  range  at  an 
elevation  higher  than  that  of  any  other  rail- 
way in  Christendom. 

The  Mount  Ceqis  Tunnel,  as  long,  7jl 
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1  8bipa«  ftud  pointed  out  more 
the  weakness  which  wa^  forme r- 
ile  in  regard  to  the  head  aod 
1858  he  decided  to  eommeDce 
1  Bygtem  of  connecting  the  stem 
f  vei^iefa  eutnisted  to  his  build< 
le  keelson.  The  keelson  plate 
lity,  carried  up  the  stem  and 
considerable  height,  and  the 
the  vefisel  was  thus  in e teased 
The  ptan  was  patented,  but, 
[nibble,  the  inventor  derived  no 
D  a  peeuniarj  senae,  but,  on  the 
stained  a  heavy  loss  in  the  ahape 
The  AduiiraltjT  bad  adopted  the 
hout  reeogniiing  its  promoter, 
low  public  property,  for  all  who 
id  in  iron  shipbuilding  know  its 
tied  it  asi  freely  as  the  Qovern- 

then  proceeded  to  say  that  all 
ought  to  be  built  with  an  inter* 
lA  an  external  iron  skin,  the  lat- 
s  being  of  the  greater  thickness, 
hould  be  made  perfectly  water- 
reen  the  inner  and  the  outer 
is  of  bulkheads,  say  2  ft.  apart, 
ng  from  gunwale  to  gunwale, 
^ed.  The  spaces  between  the 
tould  be  filled  in  with  aspbalte, 
'event  water  passing  from  one 
other*  JSuch  an  arrangement 
at  little  to  the  original  eo8t  of 
'hilst  it  would  increase  her 
f  fifty  per  cent, 

Keed,  Chief  Constructor  of  the 
9 need  the  discussion  which  fol- 
per,  and  in  doing  so  said  that 
h  its  author  m  to  the  generally 
notion  of  iron  ships  as  built 
rt  since*  Even  now  be  thought 
on  might  be  beueficially  em- 
ard  to  the  construction  of  iron 
turner cial  purposes.  He  con- 
the  Admiralty  had  not  acted 
xds  the  reader  of  the  paper. 
an  had  no  doubt  di^eovered 
lis  to  which  he  had  referred  in 
stems  and  sterns  of  the  older 
I  BO  had  many  others,  and  it 
I  be  expected  that  so  self-evi- 
vement  could  come  under  the 
nvisions  of  letters-patent. 

double-skinned  vessel  with 
tng'^  between  the  bulkheads. 
kith  in  it  The  ship  in  such 
>e  permanently  loaded  very 
triment,  whikt  the  contingent 


advantage  was  problematical.  He  wished 
also  to  say  that  in  every  instance  where 
bulkheads  were  used  in  the  royal  navy, 
their  water-tight   qualities  were  tested  by 

hydmulie  pressure. 


EXPLOSIVE  AGENTSL 

by  F.  A.  A»KL,  F.  R*  S. 

The  degree  of  rapidity  with  which  an  ex- 
plosive substance  undergoes  metamorpbosis, 
as  also  the  nature  and  results  of  sueh  change, 
are,  in  the  greater  number  of  instances,  sus- 
ceptible of  several  modifications  by  variation 
of  the  oircumatances  under  which  the  condi- 
tions essential  to  chemical  change  are  ful- 
filled. 

Excellent  illustrations  of  the  modes  by 
which  sueh  modifications  may  be  brought 
about  are  furnished  by  gun-cotton,  which 
may  be  made  to  bum  very  slowly,  almost 
without  Same,  to  inflame  with  great  rapidity 
but  without  development  of  great  explosive 
force,  or  to  exercise  a  violent  destructive  ao* 
tion,  according  as  the  mode  of  applying 
heat,  the  circumstances  attending  such  ap* 
plication  of  heat»  and  the  mechanieat  condi- 
tion of  the  explosive  agent,  are  modified** 
The  character  of  explosion  and  the  meohau- 
ical  force  developed,  within  given  periods, 
by  the  metamorphosis  of  explosive  mixturci, 
such  as  gunpowder,  is  similarly  subject  to 
modifications  ;  and  even  the  most  violent 
explosive  compounds  known  (the  mercuric 
and  silver  fulminates,  and  the  chloride  and 
iodide  of  nitrogen)  behave  in  very  d  life  rent 
ways  under  the  operation  of  heat  or  other 
disturbing  influences,  according  to  the  cir- 
cumstances which  attend  the  metamorphosis 
of  the  explosive  agent  (e.  g,,  the  position  of 
the  source  of  heat  with  reference  to  the  masiS 
of  the  substance  to  be  exploded,  or  the  ex- 
tent of  initial  resistance  opposed  to  the 
escape  of  the  products  of  explosion). 

Some  new  and  striking  illustrations  have 
been  obtained  of  the  susceptibility  to  modi- 
fication in  explosive  aetion  posseseed  by 
these  Bubstances. 

The  product  of  the  aetion  of  nitric  acid 
upon  glycerine,  known  as  nitroglycerine  or 
gloDoine,  which  bears  some  resemblance  to 
chloride  of  nitrogen  in  its  power  of  sudden 
explosion,  requires  the  fulfillment  of  special 
conditions  for  the  development  of  its  explo* 
sive  force*     Its  explosion  by  the  simple  ap* 


*  ProecudlDgi  of  tb«  Eajftl  S(Hi{«tjj  vol.  xill,*  ppm 
20&  #1  «tfg. 
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plioatiou  of  beat  can  only  be  accomplished 
if  tbe  sourct*  of  heat  be  applied,  for  a  pro- 
tracted period,  in  such  a  way  that  chemical 
decomposition  is  established  in  some  portion 
of  tbe  mass,  and  ifi  favored  by  the  continued  i 
application  of  beat  to  that  part.  Under  j 
these  circumstances  the  chemical  change 
proceeds  with  very  rapidly  accelerating  vio- 
lenecT  and  tbe  sudden  transformation  into 
gaseous  products  of  tbe  heated  portion 
eventually  results,  a  transformation  which 
ia  instantly  coniiuunicated  tbrougbout  tbe 
mass  of  nitroglycerine,  so  that  confinement 
of  the  substance  is  not  necessary  to  deveb^p 
its  full  explosive  force.  This  result  can  be 
obtained  more  expeditiously  and  witli  greater 
certainty  by  exposing  the  substance  to  the 
concussive  action  of  a  detonation  produced 
by  tbe  ignition  of  a  small  quantity  of  ful- 
minating powder,  closely  confined  and  placed 
in  contact  with,  or  proximity  to,  the  nitro- 
glycerine. 

The  development  of  tbe  violent  explosive 
action  of  nitroglycerine,  freely  exposed  to 
air,  through  the  agency  of  a  detonation,  was 
regarded  until  recently  as  a  peculiarity  of 
that  substance;  it  is  now  demonstrated  thatl 
gun-cotton  and  other  expbisive  compounds] 
and  mixtures  do  not  necessarily  require  con- 
finement  for  the  full  development  of  their 
explosive  force,  but  that  this  result  is  attain- 
able (and  very  readily  in  some  instances, 
especially  in  the  case  of  gun-cotton)  by 
means  sinylar  to  those  applied  in  the  case  of 
nitroglycerine. 

The  manner  in  wbieh  a  detonation  ope- 
rates in  determining  the  violent  explosion  of 
gun-cotton »  nitroglycerine,  etc.,  has  been 
made  tbe  subject  of  careful  investigation. 
It  is  demonstrated  experimentally  that  the 
result  cannot  be  ascribed  to  the  direct  opera- 
tion of  the  heat  developed  by  the  chemical 
changes  of  tbe  charge  of  detonating  material 
used  as  the  exploding  agent.  An  experi- 
mental comparison  of  the  mechanical  force 
exerted  by  different  explosive  compounds, 
and  by  the  same  compound  employed  in  dif- 
ferent ways,  has  shown  that  the  remarkable 
power  possessed  by  the  explosion  of  small 
quantities  of  certain  bodies  (tbe  mercurie- 
and  silver-fulminates)  to  accomplish  the  de- 
tonation of  gun-cottOD,  while  comparatively 
^▼6ry  large  quantities  of  other  highly  ex- 
-  plosive  agents  are  incapable  of  producing 
that  result,  is  generally  accounted  for  satis- 
^otorily  by  the  difference  in  the  amount  of 
'**  suddenly  brought  to  bear  in  tbe  differ- 
nces  upon  some  portion  of  the  mass 


operated  upon.     Most  geDer^UT.  t^ 
the  degree  of  facility  with  whitb  ibij 
nation  of  a  substance  will  deveWii 
change  in  a  neighboring  explosive « 
may   be   regarded  as   pro{Mtrtiiiiiiic  | 
amount  of  force  devi  ! 
est  period  of  time    l_v 
latter  being,  in  fact,  analugotu^  b  iuij 
tion  to  that  of  a  blow  from  a  bi 
the  impact  of  a  projectile. 

Several  remarkable  rt?sttlt»  d  11  \ 
tional  character  have  bot:u  obuiae^ 
indicate  that  the  developmeut  uf  { 
force  under  the  circumstances  refen 
not  always  simple^  ascribable  lutKel 
operation  of  mechanical  foroc,    Tli^l 
especially  observed  in  the  couneutil 
parison  of  the    condition*  e^s^nUEl  Hi 
detonation  of  giin*cottoo  and  of  iutr>fli« 
ine  by  means  of  particular  exp^v.v 
(chloride  of  nitrogen,  etc.),  %^ 
examination  into  the  effect*  [ 
each  other  by  the  detonatioD  of 
substancea. 

The  explanation  offered  of  fhisic 
tional  results  is  to  th«  effect  that  the  fito^^ 
tions  attendant  apon  a  particuUr  ti 
if  synchronouis  with    those  which  wtmM  i^  I 
suit  from  the   explosion  of  a   oiii^li' 
substance  in  a  state  of  high  chemail] 
sioii,    will    by    their    tendency    t<i 
those  vibrations,  either  determtoc  tb#4 
sion  of  that  substance,  or  at  any  rate  \ 
aid  the  disturbing  effect  ot 
suddenly  applied,    while,  j 
another  explosion,  which  deyclopt  rib 
impulses  of  different  oharacter^  the  i 
ical  force  applied  through   lib  agt^Bcy  I 
operate  with  little  or  no  aid  ;  grealtf  j 
or  a  more  powerful  delonaiioo,  bt^af  i 
fore  required  in  the  lattor  imftaapt  la  i^ 
compHsh  the  same  result.  ' 

Instances  of  the  apparently  simalUM^ 
explosion  of  numerous  distinct  and  9nm 
somewhat  widely  separated  maAei  of  m* 
plosive  substances^  (Huch  as  simaltaocMiiS' 
piosions  in  several  distinct  buildingi  al  pMh 
der-mills)  do  not  unfreqaently  mum*  ' 
which  the  generation  of  a  disrapli?«  i 
by  the  first  or  initiative  explo^iooi ' 
communicated  with  extreme  rapidity  Ui^ 
tiguous  masses  of  the  8atne  iialiir«, 
nmch  more  Likely  to  be  the  operaliii|  < 
than  that  such  aimtiltaneomi  ^ipktkm 
should  be  brought  about  by  the  direel  8pfl»" 
tion  of  heat  and  mechanicsal  fore^ 

A  practical  oxamiaaiiofii  has  betm  ifiitttaV 
ed  into  the  influence  wkieli  tbe  ^jkmm  d  i 
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,  through  the  agency  of  a  detona- 
ises  upon  the  nature  of  its  meta- 
upon  the  character  and  eflfects  of 
)D,  and  upon  the  uses  to  which 
is  susceptible  of  application. 


TILATION  AND  TRAPPING  OF 
DRAINS. 

r  before  the  Soeietj  of  Arts,  by  Jambs 
QBOYS,  E«q.,  Amoo.  Inst.  C.  B. 

ject  embraces  the  ventilation  of 
trapping  of  gullies,  and  the  va- 
i8  adopted  for  preventing  sewer 
.  out  of  gully  and  drain  inlets, 
lor  of  this  paper  has  been  led  to 
siderable  importance  to  the  sub- 
in  ventilation,  in  consequence  of 
many  instances,  observed  in 
Tc  sanitary  works  had  been  car- 
i  larger  amount  of  effluvia  after 
on  of  drainage  works  than  existed 
[e  therefore  purposes,  in  order 
bject  may  be  fully  and  fairly  put 
Society,  to  refer  to  the  various 
rhich  sewage  matter  has  hitherto 
)yed  from  houses ;  to  notice  the 
the  air  in  drains  of  discharging 
ttcr  into  them ;  to  suggest  a  new 
entilation ;  and  also  to  consider 
usually  employed  to  prevent  the 
ewer  air  through  gully  and  drain 

renty  or  thirty  years  ago,  public 
e  permitted  to  receive  waste  and 
rs  only,  the  closet  drainage  being 
to  ce^npools.  The  wash-house 
rged  the  waste  on  to  the  surface 
k  yard,  by  a  pipe  which  passed 

hole  in  the  external  wall;  the 
e  water  flowed  along  an  uncov- 

beneath  the  floor  of  the  house, 

over  the  surface  of  the  footway 
le  channel  of  the  street,  so  that, 
!  during  the  day,  a  dirty  stream 

might  have  been  seen  flowing 
channel.  The  exhalations  from 
red  cesspool,  from  the  soaked  and 
materials  of  the  uncovered  drain, 
he  exposed  stream  of  sewage  in 
were  most  oflfcnsive.  A  covered 
g  such  a  street  was  next  intro- 
rradually,  covered  drains  were 
I  beneath  the  houses,  and  con- 
h  the  new  sewer,  but  with  un- 
lets, and  untrapped  gullies  were 
I  in  the  street  channels  to  carry 
face  water.    Thousands  of  cess- 


pools were  next  connected  with  the  sewer 
by  overflow  drains,  and  these  allowed  the 
effluvia  therefrom  to  escape  through  the 
inlet  opening,  and  caused  a  nuisance  as 
great,  or  nearly  so,  as  existed  under  the 
original  state  of  things. 

The  next  step  was  that  of  abolishing  cess- 
pools, and  fixing  pan-inlets,  in  direct  con- 
nection with  the  drain  leading  into  the 
sewer.  The  result  was  that,  although  the 
nuisance  arising  from  the  cesspools  had  been 
removed,  the  effluvium  escaping  through 
the  untrapped  drains  and  gullies  was  in- 
creased tenfold.  The  cesspool  had  been  a 
long-standing  abomination  before  the  water- 
closet  was  thought  of  as  the  readiest  way  of 
getting  rid  of  the  nuisance.  But  this  rem- 
edy, though  so  universally  adopted,  should 
be  regarded  by  all  as  one  of  a  palliative 
character  only,  as  it  not  only  causes  the 
pollution  of  our  rivers,  but  requires  more 
than  half  the  water  supply  to  keep  the  clos- 
ets clean.  It  is,  however,  hoped  that  modes 
of  collecting  the  excreta  and  the  most  valua- 
ble portion  of  town  sewage,  without  destroy- 
ing their  valuable  properties,  will,  ere  long, 
be  introduced,  and  that  the  sewers  will  sim- 
ply be  put  to  their  original  use  of  receiving 
waste  and  refuse  waters  only.  The  dry 
earth  closet  may  be  a  step  in  the  right 
direction,  and  should  receive  a  fair  trial, 
in  spite  of  the  few  difficulties  which  have  to 
be  met  with  at  the  outset. 

In  inquiring  into  the  causes  of  air  cur- 
rents, either  from  or  within  drains,  it  is  sug- 
gested that  the  variable  flow  of  sewage  has 
a  powerful  influence  on  the  air  within  the 
drain,  whilst  that  produced  by  rainfall  has 
still  greater,  and  the  variations  of  tempera- 
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tare  are  anotker  cause  of  displacement  and 
renewal  of  drain  air.  The  taUle  shows  a 
acriea  of  observations  taken  at  the  outlets 
of  drains,  at  the  poinU  of  connection  with 
the  aewer*  They  were  taken  bj  Biram's 
anenometert  and  the  results  show  that  up 
and  down  eurrents  of  air  are  constantly 
passing  to  and  fro.  Whenever  an  up-cur- 
rent issues  through  a  drain  opening,  it  must 
be  manifest  that  some  of  the  inlets  of  such 
drains  are  untrapped,  and»  therefore,  sewer 
air  must  be  escapiDg  through  such  untrapped 
inlets,  to  the  danger  of  those  who  reside  in 
the  house.  In  the  construction  of  gully 
inlets  there  are  two  principles  which  should 
be  strictly  observed,  vii. ; 

1,  To  prevent,  as  fur  as  practicable,  the 
entry  of  road  detritus  into  the  sewer. 

2,  To  prevent   the  escape  of  sewer   air 
through  the  iulet. 

Various  methods  have  been  adopted. 
Twenty  different  forms  of  traps  in  general 
use  are  all  dependent  on  being  constautly 
charged  with  water,  and  may  be  easily 
proved  to  be  inefficient  for  the  purposes  for 
which  they  were  dej^igned,  and  for  these 
reasons  should  be  condemned.  The  sewer 
air  is  separated  from  tbe  atmosphere  by  the 
|4nch  of  water,  or  at  the  moat  an  inch,  and 
a  few  days*  dry  weather  is  suffieient  to  un- 
trap  most  of  the  gully  inlets,  as  the  water 
quickly  evaporates  to  below  the  siphon-dip. 
This  evaporation  is  aided,  in  many  ca^es, 
by  the  absorbing  power  of  the  materials  with 
which  the  inlets  are  constructed,  and  also 
by  matters  falling  into  them.  These  gully 
traps  are  often  fixed  in  a  narrow  street  close 
to  the  open  doors  and  windows  of  the  houses, 
»nd  aret  it  is  feared,  in  many  instances,  the 
cause  of  much  ill-health.  Trapi6  construct- 
ed on  this  principle  have  been  observed  by 
the  author  in  an  untrapped  condition,  in 
Derby,  Leicester,  \V  incisor,  and  other  places. 
Anotner  form  of  trap,  largely  used  for  street 
gullies  in  the  metropolis,  b  known  as  the 
fthackle*flap,  sometimes  fixed  at  the  end  of  a 
12-inch  or  15-inch  length  of  pipe,  and  some- 
times in  the  form  of  a  square  block.  The 
flap  and  its  seating  form  two  plain  metallic 
Burfaoes,  and  it  therefore  does  not  admit  of 
partial  separation  of  the  surfaces,  as  the 
Bmallest  possible  opening  made  by  the  over- 
flowing water  aep  irates  the  surface  through- 
out, so  that,  while  the  water  is  flowing 
through  the  lower  part  of  the  valve,  the 
fewer  air  escapes  through  the  upper  part. 
The  flaps  are  sometimes  fixed  at  the  point 
^  connection  with  the  aewer ;  their  action 


has  been  tcf^ted  where  thits  fiiei  1 
candle  has  been  held  at  the  tuUi  if  1 
during  the   passage  of  waser 
gully,  and    a    strong  current  of 
was  found  passing  throo^h  tins  apf«r 
of  the  flap  during  the  period  of  lot , 
system  adopted  by  the  auiltiti'C. 
on  the  two  principles  ). 
ed,  and  forms  a  combiL..,:..^   .  lit 
dip  and  shackle-flap.     It  ii  mide 
forms;  one  form  havini:  *^^ 
a  bent  tube,  nearly  f'  ti 

and  inserted  so  that  one  mi   t  tin 
called  the  siphon-dip,  liipe  into  iht 
beneath  the    gully  grating,  and  ^ 
discharges  into    the   outWt,   tVe 
being  fixed   within    tl  Tit 

form  is  that  of  an  ol  *  ^ 

ware,  having  a  G-inch 
on  ally  through  it,  so  t:  i\n 

oatlet  side  is  from  1  to  :^  inehee 
the  opening  in  the  block  on  the 
both  on  the  same  principle.  \mi  ia 
form.     The  siphon-dtp  prctenta  th» 
of  sewer  air  ihrougb  the  opper  pan 
shackle-flap  during  tbe  peri^  d(  t  ^      - 
the  flap  resists  the  upward  fftmnn  if  \}a 
sewer  air,  thus  effect ually  dea&ig  the  ikIa 
The  pressure  of  the  sewer  air  witUo  imM 
in  closing  the  flap,  wbitat  ifce  pff«iiitR  ^ 
the    inner   face    by  the    atntotipbtfc  9ftm 
the  flap,  and  allows  a  refre^litiig  evm  ^ 
ibir  to  pass  into  the  sewer.     Thi*  Diifffl 
generally  so  strong  ma  almoel  tA  Umw 
the  light  when  placed  near  to  Ike  flap, 
should  be  maintained,  but  »o  la  od  tci  sdov 
of  the  escape  of  sewer  air.* 

The  escape  of  sewer  air  into  bon^a  pft 
rise  to  the  adoption  of  various  furm  d 
For  drain  inlets,  1  believe  the  flral 
was  the  dip-trap-— «  brlek  eeMfil 
usually  about  18  in.  aqiiar^  aDil  6  in. 
the  drain,  the  inlet  on  one  aide  Wf~ 
arated  from  the  outlet  OQ  lli«  Oiker 
a  division  of  8tone,  slate,  or  ire*,  wa 
dip  about  an  inch  into  tbe  water  of  the 
The  well-known  eommon  siphon  Wii  tt  t^ 
provement  on  tbe  old  diptimp  Ue  thi  mm 
line  of  drain,  and  in  a  ventilaiod  drtii  ihi* 
are  efficient,  inasmuch  as,  from  o©i  WWP 
or  another,  they  are  alwsys  clkarstd  will 
water.  This  form  of  trap  ii  w^  hj  ^ 
author  in  eombinatioii  with  mo  air  tahe  •i' 
valve,  the  latter  acting  ad  a  rentilalet .  Tbt 
principle  of  the  water-dip  bai  beoi  piA  ^ 
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10  forms  of  drain  inlets,  but  they  all  are 
dent  on  a  Yery  small  thickness  of  water 
mvt  action,  and  are  quickly  untrapped 
mporatioB,  and  then  the  result  is  pre- 
'  %h»  same  as  if  there  were  no  trap  at 
Tlie  common  bell-trap  is  more  fre- 
ily  met  with  than  any  other  form  of 
The  mere  film  of  water  at  the  rim  of 
nrerted  bell  is  supposed  to  prevent 
r  air  passing  through,  but,  generally 
diig,  when  the  sewers  are  in  the  most 
condition,  that  is,  in  the  summer  sea- 
tke  required  film  of  water  is  not  in  the 
ft  and  it  then  forms  a  sewer  ventilator. 
ieoe  of  house-flannel,  cotton,  or  other 
Itt  matter  entering  the  bell-trap  inlets, 

eften  hang  partly  in  the  bell  basin  and 
Qj  out,  and,  by  siphonic  action,  quickly 
^  off  the  water  to  a  level  below  the  rim 
tk  inverted  bell.  These  traps  exist  in 
loit  every  he  use,  and  are  the  cause  of  a 
m  amount  of  illness.  These  remarks  are 
lieable  to  all  the  forms  of  trap  dependent 
I  ooDstant  film  of  water  for  their  action, 
ih  are,  consequently,  not  reliable. 
!ke  paper  then  gives  a  number  of  ezam- 
of  drains  becoming  untrapped  in  hos- 
i,  residences,  &c.;  among  others,  the 
wing:] 

ft  public  hospital,  near  Portman-square, 
ek  drain  in  direct  connection  with  the 
r  passed  sewer-air  inwards  so  strongly 

blow  out  the  flame  of  a  candle.  This 
I  continued  through  the  building,  and 
ved  in  its  way  the  raised  sink-inlets, 
the  drainage  from  the  lavatories,  sinks, 
water-closets  on  the  upper  floor.  In 
eftse,  when  water  was  passed  from  one 
lier  of  the  inlets,  it  caused  the  contain- 
ir  first  to  press  against  the  water  in  the 
.  water-traps,  and,  on  reaction,  to  draw 
sufficient  water  to  untrap  the  inlet. 
I,  through  one  or  other  of  the  inlets, 
rBS  generally  escaping  into  the  house. 
i  further  considering  the  action  of  drain- 
I,  we  will  refer  to  a  drain  trapped  at  its 
9t  with  a  shackle-flap,  and  the  several 
m  trapped  with  the  ordinary  water-traps. 
n  wi^r  is  poured  into  a  drain  thus  con- 
3ted,  the  result  depends  in  a  measure 
be  relative  weight  of  the  shackle-flap  at 
outlet  as  compared  with  the  resisting 
IT  of  the  water-traps.  If  the  flap  be 
ter,  the  pressure  exerted  on  the  air  con- 
Mi  in  the  drain  by  the  in-flowing  water, 
act  on  the  inner  face  of  the  flap,  force 
ten,  and  discharge  a  bulk  of  air  into  the 
T.     Then,  while  the  water  is  passing 


through  the  lower  part  of  the  flap,  the  sewer 
air  will  enter  by  the  upper  part,  and  thus 
the  drain  will  be  filled  with  sewer  air,  even 
while  the  water-traps  are  full.  If  one  of 
the  inlet-traps  were  unsealed,  the  air  would 
pass  through  the  unsealed  trap  instead  of 
into  the  sewer.  If  the  shackle-flap  be  the 
stronger  resistant  of  pressure,  the  water 
poured  into  the  drain  will  act  on  the  surface 
of  the  water  in  the  weakest  of  the  water- 
traps,  and  impart  to  it  a  rocking  motion, 
causing  part  of  it  to  flow  out  of  its  basin. 
The  atmosphere  will  also  press  on  it,  in  the 
endeavor  to  take  the  place  of  the  out-flowing 
water,  and  thus  untrap  the  inlet,  so  as  to 
allow  the  sewer  air  to  enter  the  upper  part 
of  the  shackle-flap  during  the  period  of  flow. 
Then,  if  the  outlet-trap  be  a  common  siphon, 
or  the  old  form  of  dip-trap  (which  in  princi- 
ple are  both  precisely  the  same),  then  the 
sewer  air  will  be  entirely  shut  o£f,  but  the 
force  of  displacement  of  the  contained  drain 
air  will  most  likely  enter  the  house  through 
the  kitchen  sink,  as  the  air  of  the  drains 
must  escape  somewhere,  under  the  pressure 
of  in-flowing  water.  In  such  a  drain,  the 
more  water  there  is  thrown  into  it,  the  more 
effluvia  will  escape.  The  slimy  coating  also 
of  the  interior  of  a  long  length  of  drain,  is 
of  itself  sufficient  to  contaminate  the  con- 
tained air,  no  matter  what  fall  the  drain 
may  have.  In  the  methods  just  described, 
the  one  idea  has  been  an  unsuccessful  en- 
deavor to  stop  the  opening  from  which  the 
smell  escaped,  without  inquiring  if  this  or 
that  opening  is  stopped,  what  will  become 
of  the  foul  air,  what  new  state  of  things  is 
produced,  and  what  are  the  influences  actu- 
ally at  work.  Certain  it  is,  that  the  more 
generally  adopted  of  trapping  inlet-drains 
favors  the  escape  of  sewer  air  into  the 
houses. 

Now,  all  that  has  been  stated  suggests 
that,  in  the  trapping  of  drains,  there  must 
be  provided — 

1st.  A  ready  and  proper  outlet  for  the 
escape  of  the  drain-air  when  under  pressure. 

2nd.  A  means  of  supplying  air  to  the 
drain,  to  follow  the  out-flowing  water. 

3rd.  Such  a  construction  of  the  inlet-trape 
as  will  effectually  prevent  the  escape  of 
drain-air. 

The  way  in  which  these  three  principles 
may  be  applied  is  as  follows :  The  outlet- 
trap  is  fixed  at  or  near  the  point  where  the 
drain  is  connected  with  the  sewer,  and  is 
made  in  one  piece,  with  a  siphon-dip,  to  shut 
off  the  sewer  air,  and  an  air-exit  tube  pass- 
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lug   over   the    siphon-dip.      Tbeu^   ftt   the 

mouth  of  the  air-tube  a  light  nietal  air- valve 
is  placed,  so  as  to  open  outwards  from  the 
tube  into  the  sewer  on  receiving  a  light 
pressure  from  within.  Thus,  when  water 
U  discharged  into  the  drain,  or  a  decided 
diflFerence  of  temperature  exists,  the  press- 
ure of  the  air  ia  exerted  on  the  inner  lace 
of  the  valve,  which  then  opens,  and  allows 
the  drain-air  to  pass  into  the  sewer.  The 
Biphon-dipt  without  the  f*hackJe-fiap,  is  ad- 
missible at  the  outlet  of  a  ventilated  drain, 
as  it  is  always  charged  with  water.  Then, 
at  the  several  inlets  are  fixed  valves  to  work 
freely,  with  siphon-dips  behind  thera,  ex- 
cepting the  water-closets  and  scullery-sinks. 
The  valve  shuts  off  the  drain-air,  whether 
there  is  water  in  the  trap  or  not,  and  the 
siphon-dip  prevents  the  escape  of  drain-air, 
during  the  period  of  flow,  throngh  the  upper 
part  of  the  valve.  No  amount  of  pressure 
from  within  the  drain,  or  atmospheric  influ- 
ence from  without,  can  affect  the  efficiency 
of  thei^e  traps.  Next,  in  any  part  of  the 
draio  (near  the  extremity  is  best)  is  placed 
an  air-aupply  post,  containing  a  light  air- 
aupply  valve,  which  opens  inward  to  the 
drain  on  a  light  pressure,  so  that  when  the 
water  is  emptied  into  the  drain  (having  first 
displaced  air  through  tlie  outlet  air-valve) 
flows  out  of  tbe  drain,  it  is  followed  by  a 
supply  of  air  through  the  air-supply  port. 
The  more  water  discharged  into  the  drain, 
the  more  frerjuent  will  be  the  removal  of 
air.  In  the  application  of  this  principle  to 
a.  drain  having  inlets  at  a  considerable  ele- 
vation, in  lieu  of  the  air-eacape  at  the  outlet 
traps,  an  air  tube  is  carried  from  the  high- 
est point  of  the  drain  to  a  height  as  far  as 
possible  from  the  windows  and  the  influence 
of  chimney  down-draught.  The  inlets  are 
secured  by  the  same  mode  as  that  just  pre- 
viously described,  a  common  siphon  at  the 
outlet,  and  the  air-supply  valve  fixed  near 
the  outlet  of  the  drain.  By  this  mode  a 
current  of  air  is  obtained  from  the  lower 
part»  passing  through  the  drain,  and  dis- 
charging above  the  roof.  In  many  insta^nces 
air  supply  ia  ol'tained  freely  through  the 
valve-sink  inlets. 

In  the  case  of  a  house-drain  connecting 

into  a  pipe-sewer,  in  order  to  obtain  a  ready 

^access  to  the  air-valve  and  siphon-dip,  the 

air-tube  is  continued  on  to  the  surface  side 

of  the  dip,  where  it  receives  a  box,  oontain- 

^ag  the  air-exit  valve.      The  air-tube  thence 

>ntinues  down  to  the  outlet  side  of  the  dip, 

I  the  air  ta  discharged  into  the  sewer. 


The  form  of  aink  made  for  1 1 
is  adapted  for  yarde,  areas,  staUei,  ( 
cellars,  kc,     A  cheaper  one  We 
made  in  stoneware,  w- 
valve-mouth  to  fit  the 
draiu-pipe,  and  finished  wi 
at  the  top,  to  receive  a  j" 
stoneware    plate;    the  workii: 
drain  can  thus  complete  hi    .-  r 
sending  for  the  bricklayer,  iibom,k 
and  cement,  to  form    the  rcceiur  1 
constructed  beneath  a  bell-tnp  or  I 
sink. 

The  form  used  for  stables  utd  lti|i[ 
surfaces  is  made  wholly  of  itm,  ii\ 
nozzle -piece  b  attached  to  the  tnitleuf 
ing  a  spigot-piece,  and  is  madDiQ&tHf 
ordinary  socket-pipe. 

Scullery  sinks  are  very  difficult* 
secure,  because  of  the  r^pir]  iccninn^i 
grease.     Valves  are  i' 
the  form  of  a  gully-tr;i^ 
are  found  to    be  safe   and    cItcciML 
pipe  from  the  sink  should,  in  tKai  ru 
continued  so  as  to  dip  into  the 
small  scullery-sinks  a  deep  foriu  .m  ^^ 
sink,  without   the   valve,  would  be 
cheaper,  and  is  tound  to  be  effectual 
valve  is  aUo  unsuitable  for  a  do 
the  paper  clogs  the  valve,  and  the 
trap  of  the  closet  is  never  dry,  tn)*l  »i 
subject  to  variation  in  a  V' 

A   few  words  on    the   >     ^ 
closets*     It  is  as  well   to  state  BQine  w^f^ 
tions  to  the  form  of  closet  in  gi^aeral  m 
The  well-known  valve-clojiet,  formtA  ' 
valve  about  2  in.  in  diameter,  doniiici 
lower  part  of  the  pan,  is  liable  to  T« 
at  the  valve,  and,  when  this  occur*,  the  I 
rupted  air  contained    in  the    iron  rkaakff 
beneath  escapes  into  the  house. 

A  large  number  of  copper  and  li»t  ] 
closets  are  in  use-     Wc  t  <      "        %« i 
ware  basin,  then  a  swing  j  j'p<^w^ 

zinc,  then  a  large  iron  pan  Uucjiii  tktmt 
and  this  iron  pan  haM  a  surfaee  tff  nitfil ' 
coated  with  foul  matter  eL|ual  to  ^1  t^*  o^ 
in  contact  with  the  external  air.  T^c  tm^ 
mon  closet-pan  contains  one-tbinf  iif  i  (^ 
super.,  but  the  mo»t  cleanly  cla»et  I  liv.* 
met  with  is  one  made  bj  Mr.  -^ 
which  was  in  use  at  ihti  iWsl  Greai 
tion,  exposing  a  surface  i*(  1|  fu 
contact  with  the  soil,  gi^Q^  off  %ht 
amount  of  effluvia.  A  common  itoocnft 
pan  is  preferable  by  far,  in   n  r  «f  j 

cleanliness,  to  many  of  tho^  ^  -^ 

ances  that  are  in  daily  oae. 
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Delusion,  the  author  hoped  that  the 
Dce  of  this  subject  would  be  an  ez- 
the  length  of  this  paper. 

iURNING  ENGINES  IN  ENGLAND. 

series  of  articles  on  Railway  Econ- 

"Herepath's  Railway  Journal,"  a 
of  the  devices  for  preventing  smoke 
ning  coal  economically,  is  given,  and 
lent  practice  is  described, 
means  that  have  been  chiefly  em- 
are  extended  fire  grate  surface,  so  as 
i  a  thinner  fire  and  a£fbrd  a  larger 
*  the  passage  of  the  air  ;  and  stepping 
Lning  the  grate  at  a  considerable 
80  that  the  coal  being  introduced 
» the  fire  door,  may  gradually  travel 
b  as  it  parts  with  its  gases  and  be- 
bcandescent,  and  thus  ignite  the 
bat  pass  over  it  from  the  fresh  fuel ; 
;  a  double  fire  box  with  the  same  ob- 
le  application  of  a  combustion  cham- 
ith    or    without     fire-bricks,    which 

heated  and  ignite  the  gaseous  pro- 
B  they  pass  through  or  over  them ; 
nbined  with  these,  various  plans  for 
Qg  the  requisite  supply  of  air  above 
i,  either  by  deflecting  it  as  it  passes 
i  the  fire  door,  or  by  introducing  it 
I  tubes  or  air  passages. 

and  Chanter  in  1847  divided  the 
:  into  two  parts  and  admitted  air 
the  fire.  Dewrance  improved  upon 
a  in  1845,  and  McConnell  again  in 
K)th  these  experimenters  using  the 
tion  chamber.  The  trouble,  up  to 
le,  was  to  ignite  the  gases  distilled 
e  coal.  In  1855  this  was  perfectly 
Ibhed  by  Beattie,*  but  at  the  ex- 
f  maintaining  and  transporting  some 
'  fire-bricks.  Cudworth's  inclined 
ime  into  some  favor  about  this  time. 
}  Messrs.  Dubs  and  Douglas  applied 
eting   feather   proceeding  from    the 

the  fire-box  towards  the  tube  plate, 
3  the  gaseous  products  of  the  coal  to 
i  on  the  incandescent  fuel  and  thus 

ignited,  and  Mr.  Dubs«  in  conneo- 
^h  Mr.  Evans,  in  1857  added  to  this 
ble  inclined  grate,  which  could  be 
ar  lowered  at  will,  for  the  proper 
ment  of  the  fire. 

857  Mr.  Yarrow  introduced  a  flat 
fire-brick  in  the  interior  of  the  ordi- 
D-box,  placed  at  a  considerable  incli- 
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nation,  the  lower  side  commencing  just  under 
the  lowest  row  of  tubes,  projecting  upwards 
until  within  eight  or  ten  inches  of  the  roof 
of  the  fire-box ;  tubes  were  also  provided  in 
the  tube  plate  under  the  arch  as  well  as  in 
the  fire-door  for  the  admission  of  air. 

The  gases  would  thus  be  deflected,  and 
have  to  pass  round  this  brick  arch,  being  at 
the  same  time  heated  and  supplied  with  a 
fresh  dose  of  oxygen  from  the  air  rushing  in 
through  the  tubes.  Considering  that  this 
was  simply  a  modification  of  the  fire-box 
originally  designed  to  bum  coke,  the  results 
were  very  satisfactory.  A  very  similar 
plan  was  introduced  by  Mr.  Jenkins  on  the 
Lancashire  and  Yorkshire  railway,  but  in 
place  of  a  fire-brick  arch  he  employed  a 
curved  deflector  of  cast  iron  similarly  placed, 
but  perforated  near  its  outer  edge  with 
numerous  holes.  He  also  employed  air  tubes 
at  the  front  of  the  fire-box  under  the  fire- 
door,  as  well  as  at  the  back  under  the  tubes. 

In  1857  Mr.  D.  K.  Clark  devised  a 
system  of  forcing  air  into  the  fire-box 
through  air  tubes  placed  at  the  sides  by 
fine  steam  jets  directed  from  the  outside 
and  passing  through  the  air  tubes,  which 
acting  in  a  similar  way  to  the  blast  pipe  of 
the  engine,  caused  currents  of  air  to  rush 
into  the  fire-box  with  great  force.  The  ori- 
fice of  the  jets  is  but  ^  inch  in  diame- 
ter, the  air  tubes  ^  in.  This  simple  ar« 
rangement  was  found  to  completely  prevent 
smoke  without  any  further  appliance.  It 
has  been  at  work  satisfactorily  on  several 
lines,  and  has  been  adopted  on  all  the  loco- 
motive stock  on  the  Great  North  of  Scot- 
land railway.  Whether  the  steam  which  is 
introduced  into  the  fire-box  performs  any 
office  beyond  the  mere  mechanical  one  of 
drawing  the  air  in  along  with  it,  in  produc- 
ing any  new  chemical  combination  which 
would  facilitate  the  combustion  of  the  vola- 
tile gases,  does  not  seem  to  have  been  inves- 
tigated. It  would,  however,  to  some  extent 
warm  the  air,  and  perhaps  make  good  the 
loss  from  the  use  of  the  steam  in  this  man- 
ner ;  and  it  is  supposed  that  the  steam  has 
some  power  to  precipitate  the  carbonaceous 
particles  which  remain  unconsumed  ;  at  any 
rate  the  plan  seems  to  be  very  economical. 
There  is  one  advantage  possessed  by  this 
plan  over  most  others,  viz.,  that  by  the  use 
of  these  steam  jets  when  the  engine  is  in  a 
station  the  smoke  can  be  prevented,  as  they 
act  in  a  more  direct  manner  than  a  jet  in 
the  chimney. 

In  1858  Mr.  Wilson  introduced  a  system 


of  ftir  tubes  which  extended  from  the  fire- 
box right  under  the  boiler  to  outside  the 
front  of  the  8 moke- box.  This  arrangement 
would  partly  effect  the  object  of  Mr.  Clark's 
steam  jets  when  the  engine  was  running, 
Bince  the  air  would  then  be  driven  through 
these  tubes  into  the  fire-box  with  consider- 
able  force.  Mr*  Ramsbothao  also  about 
the  same  time  provided  two  small  doors  in 
front  of  the  fire-box^  under  the  barrel  of  the 
boiler,  with  regulating  valves  for  the  ad- 
mission of  air  above  the  fuel,  and  just  above 
these  openings  he  placed  an  arched  fire-brick 
deflector,  something  similar  to  that  of  Mr. 
Yarrow. 

Messrs,  Lee  and  Jaques  also  introdaoed 
a  somewhat  similar  arrangement  as  regards 
the  projecting  fire*briek  arch,  but  they  com- 
bined with  this  a  deflector  fixed  to  the  top 
of  the  fire-door.  This  deflector  projected 
into  the  fire-box  sloping  downwards,  the 
door  itself  being  underhung  and  provided 
with  a  valve  fnr  the  admission  of  air,  the 
opening  and  closing  of  wltich  was  regulated 
by  a  sector.  The  air  being  drawn  in  through 
the  valve  in  the  fire-door,  would  by  means 
of  the  deflector  be  directed  downwards*,  and 
mix  with  the  gases,  and  their  combustion  be 
cfl'ectcd  by  impinging  on  the  iiicandescent 
fuel,  and  the  brick  arch  fixed  against  the 
plate. t  About  thesame  time  Mr.  Frodshani 
employed  a  deflecting  plate  over  the  fire- 
door,  but  the  brick-arch  was  omitted,  and 
in  place  thereof  two  steam  jets  were  intro- 
daoed, one  on  each  side,  into  the  front  part 
of  the  fire-box,  impinging  downwards  upon 
the  fuel.  Mr.  Douglas  employed  a  deflector 
with  the  same  object,  but  he  combined  with 
it  an  inclined  fire  grate  of  larger  area,  which 
involved  a  longer  fire-box,  and  of  course 
necessitated  an  alteration  in  the  boiler  or 
the  construction  of  new  engines. 


THE  LOf^OMOirV^E  OF  THE  FLTURR 

From  **  fiDgmeoring.*' 
It  would  be  difficult  for  the  most  enthu- 
aiastie  engineering  futurist,  if  at  all  practi- 
eal,  to  point  out  the  direction  in  which  any 
radical  improvement  in  the  locomotive  en- 
gine is  to  be  sought.  As  long  as  the  resist- 
ances opposed  to  the  motion  of  trains  are 
what  they  are,  and  as  long  as  the  present 
rates  of  speed  are  maintained,  the  amount 
of  locomotive  power  to  be  provided  cannot 


♦  Thw  dtHeelor  In  front  of  tb«  fire-door,  geDer&Uy 
tii  the  bnck«>  is  now  muob  emplojcid  in  Eng* 
Wk  i[iilto  good  retulu..— £i».  V.  N.  M. 


.^i&m 


be  lessened.  Thervs  is  not  tk 
chance  that  any  other  agent  t)ixD  n 
be  employed,  in  ottr  gencraiioail 
produce  this  power.     Comprttfcl 

motives,  hot  air  locomoti"      

hoi  locomotives,  and  cle< 
motives  have  all  bc^  i  : 
failed  for  perfectly  <  1 1 
which  should  have  I 
po8se9.^ing  the  least  I. 
agencies  thus  called  iijtopla} 
being  our  only  resource,  it  c*it>  Yf 
only  by  the  combustion  of 
must  obviously  be  the  < 
With  us,  the  cheapest  i'u* 
none  of  us  sec  the  way  tv 
Petroleum  may  be  burnt 
use  ia  entirely  praoticahU 
Even  were  itcheaper  than  coal,  itia 
involve  no  important  constnicii^e  ■ 
tions  of  the  locomotive  boiler,  m 
whatever  in  the  working  i  q 

And  what  can    be  sii  i 

motive  boiler  as  it  is.  i 

heating  surface  must  be  J 

could  it  be  better  provided  \  IM 
who  would  not  desire  to  wclcaml 
mcnts  were  they  pOf*jble,  bai  tt 
no  easy  task  to  improve  ntn^n  tl^* 
or  the  construction,  of  >  i 

lar  boiler  of  1820,  as  su  i 

in  detail  by  so  many  h 
since  George  iStephen^on  nr-;  fr 
to  practical  work.  The  loooou 
has  been  made  in  almost  every  po 
There  have  been  twin  barreli, 
boxes,  round  fire-boxes,  cotolyui 
hers,  mid-feathers»  return  fti 
tubes,  water  grates — ind  t1 

ble  modificatiun  of  the  cu  ^  % 
which  all  successful  practice  ftu 
turned. 

We  have  no  doubt  that  steel  n 
an  important  part  in  locomotivo 
stniction,  as  it  has  already  don 
fixed  boilers.  The  Bolton  8t<4 
Company  appear  at  last  to  h^f 
Bessemer  steel  boiler  plates  wl 
thoroughly  depended  upoD  in  li 
ties,  and  there  are  firc-lK)x€»s  ot  I 
kindred  material^ — Howt^ll's  fc< 
metal — which  bavc  i  u 

years'  use  on  the  J^r'  J 

In  all  this,  hnwcver,  tiu  r  ii 

and  the  most  that  can  in  4 

somewhat  greater  eeonon  i  .^ 

possibility  of  working  l.^...,    ,4 
steam,  should  It  prove  dcitrable 


fer 
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tht  motive  machinery  of  the  locomo- 
tfr^gtnuiiig  witli  tbe  regulator  and  end- 
^vrath  the  driving  wheels,  no  improve- 
t&  bejond  those  of  medianical  detail 
^v^  to  be  poesible.  No  possible  applica- 
•of^  the  ]>rmDiple  of  the  rotary  engine 
out  the  least  hope. 
Cot  the  rest,  the  locomotive  engine  is 
riage  merely.  So  much  total  weight, 
^mde«l  by  so  much  permissible  weight  per 
'^<tl»  and  we  have  the  necessary  number  of 
^^>*l«H,  to  be  coupled  or  not,  according  to 
^  ^^«|iibite  adhesion. 
\%  i»  only  as  a  carriage  that  we  see  much 
^om  for  improving  the  locomotive*  It  does 
^J^^**  aDomalous  that  with  from  one  hun- 
^^^^  to  two  hundred  wheeU  beneath  a  train, 
^J^^  of  them  loaded  beyond  3  or  3 J  tons^  a 
ent  way  of  twice  the  strength  other- 
He  eessary  ahould  be  required  to  carry 
*^ni  each  on  a  pair  of  driving  wheels.  It 
dually  inconsiitent  that  with  wheel  bases 
fniiD  8  to  10  fit,  under  the  wagona  and 
^riagas,  from  15  to  18  ft,  should  be  neees- 
for  the  engine.  Were  the  maximum 
[lit  per  wheel  not  more  than  4  ton.<^,  and 
maxim  am  wheel  base  in  any  one  unal- 
e  rectangle  no  more  than  10  ft.,  it  is 
^^lotkjt  beyond  dispute  that  a  very  consider- 
ihle  economy  would  be  effected  in  the  main- 
Im&nije  of  the  permanent  way. 


PATENTS. 


L  Tht  abolition  of  protection  for  inventions 
liB  freqaently  been  discussed  in  England^ 
hoi  the  late  advocacy  of  such  a  step  in  par- 
Immentt  and  by  persons  of  importance  and 
liiflii«ii@e,  baa  ereated  an  unusual  excitement 
anong  the  classes  most  interested,  which 
kas  found  copious  expression  in  the  London 
•eieniifio  press.  For  a  government  to  broadly 
dtftlarrr  that  the  rights  of  property  in  inven- 
tioilB  should  cease,  would  be  as  foolish  and 
nitidal  as  to  broadly  declare  that  there 
ahoald  be  no  property  except  in  material, 
taogible  things — that  the  intangible  results 
jof  one  man's  mental  labor  should  be  the  prop- 
0tij  of  all  men.  Under  such  a  law  few  inven- 
iioBS  would  be  made,  simply  because  they 
^oold  not  be  protected.  Successful  inven- 
4ioiia,  that  benefit  mankind  and  advance  civ- 
iliaation,  are  almost  invariably  the  fruit  of 
«oeily  experiment.  The  first  ideas  of  the 
.greateat  inventors  are  crude.  Watt,  Bes- 
aemer,  Horse,  Goodyear,  Kansome,  Howe, 
Corlin«  Roberts,  Siemens,  Ericsson — none 
of  theae  men  perfected  their  works  at  the 
Vol.  I.— No.  8.-.49. 


start.  Their  sueeeas  is  due  vastly  more  to 
their  persevering  warfare  against  ^^  practical 
difficulties'*  —  to  the  pluck  and  business 
capacity  of  themselves  and  their  partners, 
than  to  their  original  discovery  or  combina* 
tion  of  certain  materials  and  forces.  Is  it 
reasonable  to  suppose  that  Bessemer,  for 
inatanee,  would  have  worked  for  five  years 
against  all  manner  of  difficulties,  and  at  a 
cost  to  himself  and  assiociates,  of  many  thou- 
sands of  pounds,  to  make  the  pnc  urn  alio 
process  a  success,  if  the  sole  fruits  of  his 
brain  and  fortune  were  to  be  then  snatched 
out  of  bis  hand,  without  one  penny  of  com- 
pensation ?  Yet,  juzit  that  labor  and  fortune 
had  to  be  risked  by  somebody,  or  the  pneu- 
matic process  would  have  been  perfectly 
impracticable  and  useless.  Inventions  can* 
not  be  protected  by  being  kept  secret — there 
is  no  use  in  arguing  this  point — and  if  they 
were  kept  secret,  how  far  would  the  public  be 
benefited  by  them  ?  If  the  patent  laws  are 
abolished,  all  the  men  who  have  the  capacity 
and  means  to  jvark  out  great  improvements, 
will  have  to  do  so  at  their  own  expense,  for 
the  benefit  of  their  rivals  in  business,  and 
without  hope  or  right  of  reward.  When 
bujjiness  men  present  one  another  with 
checks  and  pig  iron  and  cotton  and  farms 
and  machinery,  inventors  may  be  cipeeted 
to  work  without  protection.  In  short,  if 
the  patent  laws  are  abolij^bed,  the  stimulus 
to  working  out  inventions  and  making  crude 
ideas  practicable,  will  be  taken  away — there 
will  be  no  farther  reason  why  men  should 
invent,  and  they  will  stop  inventing.  They 
may,  mdeed,  start  ideas,  generally  undevel- 
oped, but  they  will  not  and  cannot,  on  any 
other  ground  than  general  philanthropy, 
undertake  the  cost  of  making  their  ideas 
practical  and  useful,  and  this  is  what  the 
law  recognizes  as  the  subject  of  a  patent. 

Only  two  apparently  reasonable  grounds 
of  objection  to  property  in  inventions  have 
been  put  forward.  The  first  is,  that  only 
one  in  a  hundred  inventions  is  useful.  Well 
— is  the  public  injured  because  a  man  ob- 
tains a  patent  for  a  useless  invention,  any 
more  than  it  would  be  if  he  spent  the  same 
money  on  a  useless  building  ?  In  the  for- 
mer case  he  neither  creates  nor  destroys  any 
value.  But  it  will  be  said  that  the  inventor 
of  a  useless  machine  **ties  up*'  combina- 
tions and  parts  which  another  man  could,  if 
they  were  free,  make  useful.  Nothing  could 
be  more  at  fault  than  such  a  statement. 
The  patent  law  contemplates  a  machine  that 
will  perform  the  functions  claimed.     If  it 
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my"  dlaappainiiDoiitfl,  perfected  a  bow 
tm--eDgin@,  wbcreby  the  power  required 
»V6  &  tribin  or  boat  of  so  many  tonsj  at 
^iv«ii  rate  per  botir,  is  reduced  at  least 
_  snuy-five  per  cent.  The  fourth  has  ad- 
'^^*^«i  himself  to  literature,  art,  and  poetry, 
^^  iiaia  produced  a  book  whicli  one  hundred 
■*^»tis5iand  of  oar  people  annually  read,  deriv* 
^S  ^Ica^^ure  and  instruction  therefrom  which 
p*^y  would  rather  pay  him  for  th&a  forego. 
£  %ak  why  this  inTcntor,  and  this  author, 
iMit  aa  fairly  earned,  and  are  not  as 
^  entitled  to,  the  price  that  others  pre- 
V)  gi^e  rather  than  forego  the  advantage 
^leisure  deriTed  from  their  products,  as 
tkeir  brethren,  the  farmer  and  the  loco- 
^lilivisbnilder,  to  a  like  rem  une  rat  ion  for 
2*^  use  of  thur  products  ?  If,  as  Thiera 
^Itibly  wySj  *The  indestructible  founda- 
^^^  of  the  Fight  of  property  is  labor,'  then, 
^ety,  the  right  of  proini^rty  in  Elias  Howe 
^  that  combination  of  the  needle  with  the 
tltttttle  which  gave  practical  exiitenco  and 
>ahie  to  the  sewing  machine,  of  Alfred 
tcimyson  to  *The  Frinoefis,'  'Maud,'  *  In 
Kenioriam,*  and  'The  Lotus  Eaters,*  ia  as 
jerfbet  an  any  right  of  property  can  be, 
io?  the  eraftsman  merely  fan  hi  on  s,  adapts, 
or  recasts,  materials  co-citistcnt  with  the 
Mftli,  and  which  may  be  regarded  as  in 
fotne  son^e  once  the  common  property  of  man* 
liad  I  while  the  inventor,  the  poet,  builds  in- 
fe>  the  void  space,  makes  chaos  luminous,  and 
idda  potentially,  and  as  it  were  by  original 
eveslton,  to  the  enduring  wealth  of  mankind. 
I  «iuiol  perceive  how  or  why  his  right  of 
Utaetty  in  hia  produota  in  not  at  least  as 
yanurt  And  pervading  as  that  of  the  maker 
rf  n  looomotive,  the  grower  of  grain. 
'*  I  hftTe  considered  what  has  been  urged  in 
f«r  of  %  restriction  of  this  right  of  proper- 
ly to  the  material  thing  wrought  upon  — 
to  di0  partionlar  locomotive  built  by  the 
the  author's  manuscript  copy  of 
foam— -and  it  seems  to  mo  palpably 
For  what  the  inventor  has  labored 
fVWiy  yean  to  perfect  is  not  the  single, 
Mrtioiilar  locomotive  on  which  he  expended 
bl  bftndiwork,  but  all  locomotives  to  be 
built — bis  efforts  were  incited 
mdield  by  a  desire  to  make  all  locomo- 
I  Benceforth  less  costly  or  more  efficient. 
lie  has  achieved,  or  nothing ;  heroin  he 
hm  tooceeded,  or  not  at  all.  Once  oom- 
fbtad,  the  machine  whereon  he  has  labored 
•o  long  may  accidentally  take  fire  and  burn 
to  aihes,  yet  no  one,  surely,  would  thence 
infer  tiuki  his  labor  had  been  in  vain. 


''  As  to  the  abolition  of  the  patent  system, 
which  has  of  late  been  influcutially  advo- 
cated, I  shall  be  more  easily  reconciled  to 
it  when  I  learn  that  it  is  to  be  swiftly  fol- 
lowed by  a  repudiation  of  oil  rights  of  prop- 
erty whatever — or,  more  strictly,  of  all  l^al 
guaranties  and  defenses  of  such  rights.. 
Whenever  the  laws  of  my  country  shall 
refuse  to  protect  the  inventor,  they  ijhoiildj 
in  simple  consistency ,  bid  the  land-owner, 
the  bond-holder,  the  merchant,  the  bankefi 
*  Take  care  of  yourself,  and  of  all  that  you 
call  your  own  V  Assuredly,  no  man's  right 
to  the  wild  lands  conceded  to  his  ancestor 
by  a  European  monarch  who  never  saw, 
aud  knew  not  how,  even  to  bound  them 
accurately  J  can  be  better  than  that  of  Eli 
Whitney  was  to  his  cotton  gin,  or  that  of 
D ague r re  to  photography.  When  these  shaU 
be  sucocssfally  denied,  be  sure  that  tho  rights 
of  property  can  be  secure. 

*'  ^  Then,  why  not  make  patents  and  copy- 
right absolute  and  perpetual  V  is  often 
asaed.  I  answer,  there  are  na  absolute 
rights  of  property.  The  land  you  bought 
of  the  Government  yesterday  may  be  taken 
from  you  for  the  bed  of  some  highway  or 
railroad  to-morrow,  and  you  have  no  rcdrcE^s* 
^1//  rightrt  of  property  are  held  Hubordinato 
to  the  dictates  of  national  well-being;  and 
the  Government  will  batter  down  or  burn 
to  ai^ihcs  your  house,  if  it  shall  have  become 
(through  no  fault  on  your  part)  a  harbor  or 
defense  of  public  enemies,  and  make  you  no 
compensation  therefor.  I  only  insist  that 
intellectual  property  shall  be  recognised  by 
law  as  standing  on  a  common  foundation 
with  other  property  and  equally  accorded 
the  protection  of  the  State  and  the  respect 
of  all  who  hold  property  no  robbery,  but 
justly  entitled  to  deference  and  support  from 
the  wise  and  the  good.'* 

In  the  discussion  of  this  subject  *'  Engi- 
neering "  reviews,  at  some  length,  the  more 
important  inventions  now  in  successful  use, 
and  they  are  of  a  thousand  times  more  value 
to  the  public  than  to  the  inventors,  large  as 
the  aggregate  royalties  must  be.  We  quote 
the  remarks  of  our  cotcroporary,  not  only  to 
show  how  little  legislators  and  anti-patent 
law  agitators,  like  Sir  Roundell  Palmer  (to 
whom  these  considerations  are  addressed), 
are  likely  to  know  about  what  they  arc  talk- 
ing, but  also  to  remind  the  profession  and 
inventors  of  the  greatness  of  the  field  in 
which  they  are  called  to  labor,  and  of  the 
inspiring  success  already  achieved. 

**  Of  modern  inventions  there  arc,  literal- 
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\  press  for  bending  the  thickest  armor 
even  np  to  14  in.  thickness.  Were 
that  Sir  Konndell  Palmer  and  Lord 
ftlej  had  delivered  themselves  so  au- 
itiTely  upon  the  whole  range  of  inven- 
we  should  not  have  presumed  to  ask 
how  much  thej  know  of  any  one  of 
imTentions  we  have  mentioned.  Unless 
^'^'•••hed/*  wo  will  venture  the  assertion 
if  examined,  competitively,  they  would 
i  1m  found  absolutely  ignorant  of  neArly 
^  one  we  have  named,  and  yet  each  of 
^^-«<i  patents  deserves,  and  properly  man- 
aSmI,  u  likely  to  realise  what  either  Lord 
^iWsley  or  Sir  Konndell  Palmer  might  con- 
'  a  very  handsome  fortune.  And  with- 
die  protection  of  a  patent  no  man  of 
in  his  senses,  would  care  to  work 
btB  at  all,  unless  en  amateur, 
"  Then  there  is  another  wide  class  of  in- 
tions  relating  to  railways  and  railway 
>Miing  stock.  There  is  the  fish-joint — Mr. 
Bridges  Adams's  fish-joint  after  all  the  hub- 
imb  raised  about  it  eight  years  after  the  ez- 
liration  of  his  patent;  the  cast-iron  pot 
deeper  (poor  Greaves !)  Kansome's  and 
Tickers'  crossings ;  Arbel's  stamped  wheels; 
HftBsel's  wood  wheels ;  Beattie's  clip  fast- 
taing  for  the  tyres;  half-a-dozen  oil-tight 
.toxes  ;  Clark's  and  Fay's  continuous  brakes ; 
Bteme's  capital  buffers;  Saxby's  signals, 
wUefa,  we  sincerely  believe,  have,  by  this 
tone,  saved  the  lives  of  ten  thousand  of  Her 
Majesty's  subjects ;  Ransbottom's  trough  for 
iapplying  tenders  while  on  the  way  ;  ditto, 
his  safety  valve,  and,  ditto,  his  lubricator, 
both  good  things  of  their  kind;  Naylor's 
exeellent  safety  valve ;  Bourdon's  magnifi- 
eent  invention,  though  after  all  akin  to  Sal- 
ter's balance,  for  weighing  steam  ;  -Giffard's 
dynamic  paradox,  known  as  the  Injector, 
aad  Schau's  simpler  and  cheaper  edition; 
Oreen's  useful  invention  for  drawing  tubes 
from  brass,  and,  finally,  an  invention  of 
great  intrinsic  worth — Dudgeon's  tube  ex- 
pander. How  much  do  you  know  of  all 
these,  or  any  of  them,  Sir  Roundell  ?  Don't 
think  OS  impertinent. 

•«Tani  which  way  we  may,  we  find  al- 
most innumerable  recent,  meritorious  pat- 
ents. In  civil  engineering  we  have  Mitchell's 
pile,  which  has  saved  untold  thou- 
&t  pounds  in  the  cost  of  fixing  uncer- 
i  foundations  in  India ;  Dr.  Pott's  system 
of  pnenmatie  sunk  cylinders ;  Hoffman's 
annular  kilns  for  burning  bricks ;  Dennet's 
fireproof  flooring,  now  adopted  in  all  the 
principal  buildings  in  progress  in  the  king- 


dom ;  and  Clayton's  well-designed  machinery 
for  brickmaking. 

'*Iu  stone- working  we  have  (and  we 
should  be  sorry  to  be  without)  Blake's 
stone-breaker ;  Holmes's  stone-dressing  ma- 
chine ;  Ransome's  grand  invention  of  artifi- 
cial stone  —  an  invention  possibly  worth 
more  than  Columbus'  discovery  of  San  Sal- 
vador; M.  Sommelier's  (Anglice,  Mr.  But- 
ler's) tunneling  machine ;  and,  finally,  Mr. 
Doering's  and  Mr.  Lowe's  machines  for  the 
same  purpose. 

*'  In  connexion  with  the  cotton  manufac- 
ture less  can  be  said.  It  is  an  industry 
which  admits  of  but  moderate  progress,  un- 
less some  new  Hercules  comes  to  our  aid. 
Mr.  Richard  Roberts  was  a  Hercules  in  this 
branch  of  engineering.  There  are  Well- 
man's  self-stripping  cards  ;  Leigh's  top  roll- 
ers ;  Hetherington's  wonderfully  simplified 
mule ;  the  Blackburn  '*  Slasher  ;"  Messrs. 
Harrison's  astonishing  improvement  upon 
all  the  space,  tediousness,  dirt,  and  cleaning 
of  the  dressing  machine  that  had  gone  be- 
fore it;  and,  finally,  Bullough's  loom  patents, 
which  have  added  a  million  of  money  to  the 
wealth  of  Lancashire.  To  these  may  be 
added,  with  a  qualified  opinion  of  their 
merits,  a  nameless  number  of  cotton  gins ; 
and  in  this  and  kindred  branches  of  inven- 
tion, there  is  not  so  industrious  a  patentee 
as  John  Piatt,  M.  P.,  whose  authority  is 
quoted  against  patents,  but  who  is,  himself, 
an  insatiate  patentee,  as  well  as  an  enter- 
prising appropriator  of  ideas,  supposed  to  be 
covered  by  patents  in  other  men's  names. 

**  Then  comes  the  old  class  of  patents 
relative  to  grinding  fiour.  First  there  is 
the  decortioator,  worth  a  million  in  good 
hands;  but,  possibly,  before  it,  the  grain 
drier,  upon  the  results  of  which  so  many 
fortunes  hang.  Again,  there  is  Bovill's 
patent,  renewed,  against  which  so  many 
millers  fought,  and  to  which  so  many  sur- 
rendered. Then  there  is  Golay's  diamond 
machine  for  dressing  millstones,  sold  for 
ever  so  many  thousands  of  pounds,  Brack- 
shaw's  grain  elevator,  and,  going  back  for 
some  years,  Goucher's  capital  beaters  for 
thrashing  machines. 

'*  In  steam-agricultufe  there  have  been 
such  improvements  that  we  hardly  know 
how  to  begin.  The  grand  brain  who  dii 
more  for  steam  cultivation  than  any  thou- 
sand men  now  living  was  John  Fowler,  long 
since  in  his  grave.  Sir  Roundell  Palmer, 
we  presume,  would,  were  it  in  his  power, 
annihilate  the  industry  growing  out  of  Mr. 
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Fowler^B  inventioiiB.  His  steam  plough^  his 
clip  drum,  his  slack  gear,  are  all  unique, 
iiiid  long  settled  practice  bas  proved  that 
their  value  might  be  couDted  rather  iu  mil- 
lions than  iu  thoasauds.  And  no  industry 
he  had  to  fight  harder  for  existence  :  fights 
of  which  Sir  Roundeli  probably  knows  no- 
thing at  all,  for,  had  he  known  of  thcra,  he 
could  not,  as  a  gentleman,  have  spoken  as 
he  did  last  Friday  evening. 

**  Then,  again,  in  connexion  with  jsteam- 
ehips.  There  arc  Cunningham's  self-reefing 
topsails  ;  Trotman's  anchors;  Clifford's  boat- 
lowering  apparatus;  McFarlone  Gray* a  steam 
steering  gear ;  Robert  Griffith's  big  boss, 
two,  or  thrco-bladed  screw  propeller;  the 
engine-room  indicator ;  Morton's  ejector- 
condenser  ;  Robertson's  ashes  ejector ;  and, 
to  go  from  little  things  to  great,  Peon's 
trunk  engines,  and,  of  far  more  value  than 
anything  else  ever  invented  in  connexion 
with  the  screw  engine — wood  bearings — one 
among  the  grandest  inventions  of  the  pres- 
ent generation* 

'*  Again  comes  another  class  of  invention, 
vijs,,  those  fur  lifting  and  hoisting.  Among 
these  Edwin  Clark*s  hydraulic  graving  dock 
stands  first  in  importance ;  and,  next  to 
that,  the  various  plans  for  hydraulic  jacks, 
as  well  as  Weston's  pulleya,  and  the  derrick 
crane  made  by  Bowser  and  Cameron. 

**  But  among  the  valuable  miscellaneous 
patented  inventions  who  shuU  draw  the  line  ? 
There  are  the  patents  for  l)r,  Dauglihh*s 
aerated  bread ;  the  American  sewing  ma- 
chines;  Anglo-Franco  velocipides;  Ohap- 
puii^'  daylight  reflectors ;  BunneU*$  coiling 
shutters;  Betts*  capsules;  Wheatstone's 
private  telegraph ;  Wheats  tone's  crytograph; 
Richards*  indicator ;  Dunbar^a  apparatus 
for  charging  and  drawing  gaa  retorts ; 
Perin's  band  saw ;  Chatwood*a  gafe  ;  doaens 
of  inventions  of  breech -loading  rifled;  the 
Manchester  water  meter ;  Bailey's  oil  test- 
er ;  a  lot  of  American  inventions  for  gas 
regulation  and  gas  carburation,  as  well  as 
for  tin- lined  lead  pipe,  the  latter  manufac- 
ture based  upon  the  **  flow  of  solids/'  com- 
mercially  worked  some  years  before  M* 
Trcsca*a  ingenious  researches  at  the  Con- 
9ftrva/&ir€  des  Arts  et  Metiers,  in  1866. 
Tln-n-  '\H  the  magnetic  anti-incrustator,  Sic- 
vromotric  governor,  Mallet's  buckle 
'ite  Abyssinian  tube  well,  Lloyd's 
^'eirtsou's  frictional  gearing,  Della- 
)'ajpcr  BteTeotyp<>  moulds,  Gainers 
If  pap<?T,  Young's  paraffine  oil  pat- 
gun  carriage,  Uugon's  gas 


engine,  Armstrong^  bKaaiifid 
machine,  Rn^ 
cess  for  mal. 
machine  for    dr^> 
stances,  the  revoi 
1  separating  iron  tr.  m    [-1 
ham  and  Kite's  yn^:  j  r* 
making   machine.  Cart's  betoufiii 
crator,  Pcet*s  valve.  Chat ti^rtiin\r»,c 
tor  submarine  cables,  \V^ 
paints,     Moulc*s    earth    *■ 
sewage   system,  Millar's  \ 
pound  for  sewage*,  Wots*aui  •  anen 
Palliser's  bolts,  Batbo's  nut  f.ht|«t,i 
bolt  cutter,  Perkins'  sealed 
Porter's  governor,    Amwtrong** 
machinery,  coal  cutting  maehi]i«rjt 
drilling  apparatus  for  gaa  tnain^ 
electograph   engnivlng   maohir 
newspaper  folding  niachitie,  \  v 
ent   refrigerators,    Kiog*8  »aU  n 
and  so  on,  in  an  almost  ctidl«!9»  XaX- 

**  Valuable  as  these  inventious  tfv^ll^ 
required  a   vast  aggregate   expHidiMt  a 
time  and  money  to  induce  the  pnUktoV 
licve  in,  and  adopt  them*     Nona, 
knowing  the  task  would  haTe 
without  some  hope  of  subBliiiliil 
and  patents  appear  to  be  the  ottly 
available.     The  inventions  eDiimer«M 
no  proportion  in  number  to  the  hus^rrfi^f 
useful    modifications    and    combiBitifiBi  v 
modem  machiner}-  which  jire  vnliiabl^nl^ 
er  for  their  simplicity  an<i 
for  any  distinctive  mcchaii„„ 


MARINE  ENGLNE  PRO<;ii£ii& 

Fruui    *^'^  Eiigineerias-" 
Not  middle-aged  eii^neers  alotoe^balOV 
paratively  young   engtaccra   an   veil,  hiii 
had  occasion  to  remark  the  womleiM 
dity  with  which  the  marine  eogjnie 
of  any  given  period  may  become 
The  grand  old  ftidc-lever  engioes  i>f 
years  ago,  or  for  that  matter  ten  jeaMi 
are  fhst  becoming  euriosities   fommin  t 
high  degree  of  archietdogtifL!  ttiipf«il»    U 
will  not  probably  be  long  r  10<I  i^ 

cyUndcr,  12  ft.  stroke  cngi^^^ .  <  t  .i*«Bm^ 
only  finished  in  March,  IH62,  will  k  »• 
placed  by  screw  eoginei,  aa  hmB  beta  toi 
already  in  the  ease  of  the  Persia  W»  h«fi 
only  to  look  back  to  1847  to  find  l«l 
steamexiB  built  and  building  in  tJi€ 
Navy,  none  of  them  exceeding  \Mi 
or  8U0  nominal,  equal  oiily  10 
indicated,  horse  power*    iflie  Q 
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K,  the  Rattler,  the  Fairy,  the  Bee, 
e  Dwarf  were  the  only  screw  vessels, 
A  the  Auiphion,  Arro^aut,  Ooollict, 
bws,  Donpcrate,  Eiicoantcr,  Euphrates, 
n,  Minx,  Niger,  Rifleniau,  Sharp- 
r.  Simoom,  Tormagaut,  and  Valcan — 
BWti — were  in  progress. 
re  id  little  reason  to  doubt  that  the 
DB  of  marine  engineers  were  as  fixed 
I  Btrong,  in  1847,  as  they  are  now, 
len  it  was  then  believed  that  science 
:ill  had  done  well  nigh  all  that  was 
iablc  for  the  improvement  of  the  ma- 
igine.  The  steam  was  low  and  the 
was  slow ;  the  I'ormer  from  5  lbs.  to 
.,  the  latter  from  140  ft.  to  200  ft.  of 
per  miuatc.  The  Alecto  with  4  ft. 
iroke,  made  but  14  revolutions  per 
)  in  regular  work,  or  126  ft.  of  piston, 
en  the  Avenger,  with  650  horne  eu- 
6  ft.  stroke,  made  but  13  revolutiood 
ft.  of  piston  per  minute.  The  Dec, 
iK)  horse  engines,  5  ft.  stroke,  made 
I  revolutions,  or  125  ft.  of  piston  per 
.  The  Thunderbolt,  with  300  horse 
J,  5  ft.  stroke,  made  but  15  revolu-^ 
he  Salamander,  with  220  horse  en- 
5  ft.  stroke,  made  but  14  revolutions, 
sn  the  Victoria  and  Albert,  with  her 
1  400  horse  engines,  6  ft.  stroke, 
at  17  revolutions  of  her  30  ft.  wheels, 
tonding  to  but  204  ft.  of  piston  per 

•o  were  many  who  disbelieved  in  the 
altogether,  and  its  introduction  into 
ips  was  partly  if  not  greatly  due  to 
unmstance  that  the  screw  engine  and 
or  could  be  kept  wholly  beneath  the 
line,  and  that  the  deck  was  left  clear 
whole  length  for  armament.  As  for 
int  steamers,  it  was  long  before 
hip  owners  would  listen  to  any  argn- 
in  favor  of  the  screw. 
aa  even  doubted  whether  screw  en- 
could  be  practically  worked  at  the 
>oed  required  by  the  screw,  and  gear- 
8  often  employed,  as  in  some  cases  it 
With  injection  condensers,  and  the 
rms  of  flue  boilers,   steam  of  more 

0  lbs.  per  square  inch  was  considered 
the  question  at  sea;  expansion  was 

practiced  to  any  extent,  and  supor- 

1  was  reckoned  a  costly  and  needless 
lent,  if,  indeed,  it  had  been  thou^rht 
11.  The  whole  ground  opened  by  the 
lotion  of  the  screw  was  beset  with 
ties,  and  but  f(;w  were  willing  to  be- 
^t  these  could  ever  be  overcome. 


The  screw  vibrated  greatly,  and  came  well 
nigh  shaking  the  stern  post  out  of  the  ship, 
and  it  was  next  to  impossible  to  keep  the 
screw  shaft  tight  in  the  stem  .tube.  Direct 
double-acting,  full  stroke  air  pumps,  too, 
knocked  their  valves  to  pieces  very  quickly. 
Marine  engine  improvement  has  consisted 
in  doing  just  what  twenty  years  ago  was 
reckoned  i mpraoticable  or  inexpedient.  The 
tubular  boilers  that  were  to  give  so  much 
trouble  by  salting  and  leaking  are  now  in 
universal  use,  and  a  flue  boiler  of  1850 
would  be  reckoned  a  curiosity.  The  press- 
ure of  steam  has  been  carried  to  25  lbs.  or 
30  lbs.  in  regular  work,  while  Mr.  Elder*s 
boats,  and  the  Sirius,  engined  by  Maudslay, 
are  worked  to  50  lbs.  The  piston  speed 
has  been  carried,  as  a  maximun,  to  600  ft., 
and  even  650  ft.  per  minute.  Indeed,  Mr. 
Bourne  once  worked  a  single  cylinder  en- 
gine of  3  ft.  6  in.  stroke  at  100  revolutions 
per  minute.  Superheating  is  now  practiced 
with  advantage  and  a  good  degree  of  ex- 
pansion attained,  in  some  eases  with  com- 
pound, or  high  and  low  pressure  engines. 
Surface  condensation,  with  all  the  cost, 
weight,  and  bulk  of  the  tubes,  and  the  diffi- 
culty, once  encountered,  of  keeping  them 
tight,  as  well  as  the  danger,  at  one  time  so 
imminent,  of  corroding  the  boilers,  is  now 
a  firmly  e:^tablished  fact.  Double-acting 
air  pumps,  making  75  double  strokes,  and 
600  ft.  of  buoket  per  minute,  work  as  easily 
and  silently  as  the  old  air  pumps,  worked, 
off  the  beam  or  side-lever,  at  80  ft.  or  100 
ft.  with  only  but  15  or  20  double  strokes' 
per  minute.  The  vibration  of  the  screw 
has  been  well-nigh  stopped  by  Griffiths' 
improvements;  its  stern  bearing  is  now  the 
most  durable  of  all,  since  Mr.  Penn  applied 
wood  bearings  and  the  dynamic  performance 
of  large  screws  of  fine  pitch  is  in  all  respects 
equal  to  the  best  results  obtained  from  pad- 
dles, M'hile  the  machinery  required  to  drive 
it  is,  of  course,  far  lighter  in  respect  of 
weight.  Were  we  now  to  return  to  Boul 
ton  and  Watt's  old  practice  of  7  lbs.,  effeo- 
tive  cylinder  pressure  per  square  inch,  and 
204  ft.  of  piston  per  minute  for  a  4^  ft. 
stroke,  it  would  require  a  pair  of  engines 
of  29  ft.  6  in.  (354  in.)  cylinder  to  develope 
the  power  of  8,500  horses,  indicated  on  the 
trial  of  the  Hercules.  The  revolutions 
would  be  22^  only  per  minute,  requiring 
gearing  in  the  ratio  of  about  3^  to  1  to  set 
up  the  72  revolutions  actually  attained  Dy 
the  Hercules'  screw.  No  comparison  pos- 
sibly could  better  mark  the  progress  already 
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roade  in  marine  engineg.  But  if  we  address 
our&elves  to  an  inquiry  as  to  the  limits  of 
further  improvcincDt,  we  are  confronted  by 
Beeming  impracticability  or  iinpo«aibilitie8, 
Bucli  as  stopped  the  way  twenty  years  ago. 
To  wbat  point  may  the  pressure  be  yet  car- 
ried in  practice?  To  lOU  Ibe.,  or  morel 
Rowan  worked  130  lbs*  at  eea;  but  bis 
boilers  gave  trouble.  Of  course,  with  very 
high  steam,  superheated  and  condensed  after 
exhaustion,  a  rate  of  expansion  of  12  or  16-fold 
is  practicable.  As  for  piston  speed,  it  may, 
possibly,  be  yet  increased  to  the  rate  occa- 
Bionally  attained  in  loeoniatives^  say  to  900 
ft.*  or  even  1,000  ft,  per  min. ;  but  we  are 
all  disposed  to  be  incredulous  as  to  the  con- 
tinuance, and  especially  the  economy  of 
Buch  speeds.  But,  as  abstract  facts,  we  do 
know  that  steam  engine  economy  is  to  be 
Bought  in  high  pressures,  high  speed,  and 
high  expansion. 

It  is  a  question  whether  the  hot  gases 
escaping  at  the  ebimney  might  not  be  ad- 
vantageously forced  into  the  boiler,  below 
the  water  line,  and  be  thus  made  to  give  off 
their  heat.  For  every  ton  of  carbon  burnt 
from  6  to  7  tons  of  water  are  evaporated, 
while,  also,  3J  tons  of  carbonic  acid  are 
sent  up  the  chimney  at  a  temperature  of  per- 
haps 500°.  That  there  is  a  considerable 
loss  here  is  indisputable.  The  only  ques- 
tion is,  how  may  it  be  prevented »  the  pre- 
Bumption  being  that  the  cost  of  securing 
this  waste  heat  would  be  greater  than  it 
would  be  worth  when  saved.  Air,  too, 
forced  through  a  heating  apparatus  into  the 
water  in  the  boiler,  or  into  the  steam,  would 
possess  a  theoretical  advantage,  and  we  bear 
of  one  or  two  patentees  who  are  already  ex- 

Jerimenting  in  this  direction,  among  them 
Ir,  liichard  Eaton»  of  Nottingham, 


STEAM  ON  CANALS. 

FROPHLSIOK  BY  A  FIXED  WIKE  ROPE  AND 
CtlP-DRUM  —  EXPEK1MENT8      IN      BEL- 

From  **  Tbe  Engineer." 

A  series  of  highly  interesting  experi- 
ments, or  rather  a  general  exhibition  of  the 
fir«t  line  of  considerable  length,  on  which  a 
new  principle — the  application  of  wire  rope 
and  f»l]]tMnim  for  river  navigation  —  has 
ically  successful,  took  place  on 
1  5th  inst,  between  Liege  and 
ill  Bnlgium.  The  governments  of 
'  "franee,  Prussia,  Austria,  Wurtem- 
i^  and  Belgium,  sent  their  spe* 


eial  engineers;  the  8ues  Cnaal 
and  steam   navigation  coTDpaaiit  fmij 
Danube,    the    Elbe,    the   Khm,  ni 
Khone,  were  represented,  and  tbe 
of  gentlemen  from  aim"-*  '  ^  "^^  '- 
Europe  proved  the  im 
be  attributed   at  the  prifim  iu»inmik 
successful  improvementi  in  tht 
inland  navig^ition  on  riverv  and 

The   Meuse  has,  between  Li4ge 
mur,  a  length  of  nearly  seventy  ' 
(forty-four   miles),   leading  threa^b 
the  principal  coal  districts  in  Bcf 
river  forma  one  of  the  most  iin[ 
of  the  long  chains  of  canals  aad 
which  connects    Belgium,  and 
Antwerp,  with  Paris,     A  oompaiky,  t^ 
ci6t6   Anonyme    Liegeoise    de   Toti*^, 
ceived  a  year  and  a  half  ago  the 
for  supplying  the  syst'i  i         Mr 

C.  de  Mesnil  and  5l.  1  r^ 

began   their  operation^i    by   lj>):ug  la 
wire-rope  of  I   in.  outside  diiimtler  ca  ite 
bed  of  the  river.     There  art  eleven  kxii  li 
pass,  which  do  not  interrupt  the  oonUiiMl 
length  of  flexible  rail  thus  plae«?d  to  iLtnii 
of  the  whole  water-corurse.     Small  hakf  Wf 
provided  in  the  gates   near  the  siU,  na  llil 
the  wire  passes  through  the  locka  viAoil 
interruption,  and  the  gates  being  \ypemi  tft 
perfectly  free  to  be  moved  by  the  mAwm* 
The  only  places  where  the  rope  ix  mlmm} 
fixed  or  moored  are  two  temporary  cnli  4 
Liege  and  Namur,  every^where  ebe  H  Ukfl 
in  a  comparatively  slack  state  all  thr  baA 
and  curves  of  the  center  line   of  the  rmf. 
The  mechanical  principle  of  the  ayitviii  ••• 
consists  in  mounting  on  the  ms!'h««t  w^i4 
carries  the  machinery  a  •' 
or  horizontal,  which  takes 
the  boat  taking  it  up  trom  the  river  bottstt 
by  suitable  pulleys  near  its  bow,  and  irtf' 
ping  it  again  near  the  st<fm  into  t^  waitf. 
The    cliphdrum,  turned    by  the   ¥taia  »•• 
chinery,  will  thus  haul  the  baal  along  ihf  ^^ 
called   fixed   rope,  pulling,   in  faet,  is  tli 
weight  of  the  wire  and  the  frictiotial  raiist- 
auce   of  the  same  on  the  river  hottcfOL    ll 
principle,  therefore,  the  idea  is  the  oU  M 
of  chain  navigation,  as  applied  dminf  tW 
last  twelve  ye^irs  or  so  on  thcs  Seiiia.    ft* 
the  practical  difficulties  which  prertfllcd  tti 
more  general  introduction  of  tilt  laAler«  li 
spite  of  the  great  advantages  tnbti^^  }mA0 
principle,  are  avoided  in  the  new  nHvtliiiif  ^ 
so   considerable    a   degree   that   M.  EjA* 
system  seems  to  be  destined  to 
inland  navigation  to  the  reUtire 
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P^kalk  its  phyflioal  peculiarities  warrant,  and 
B^tah  it  has,  in  most  cases,  lost  by  the  in- 
^"^•fcction  of  railways. 

,^Khe  first  tn^  of  the  Soci6t6  do  Tonage 
i  on  the  line  on  which  the  experiments 
L  place  about  a  year  ago.  It  is  an  iron 
I  flat-bottomed,  of  twenty  meters  length, 
metres  width,  2.25  meters  depth  of 
-^^^^  drawing  0.95  meters,  and  carrying  a 
.  -g^^torae  power  horizontal,  double-cylinder, 
^^ffcyessure  engine.  This  engine  works  a 
^^rtieal  olip-drum  on  the  side  of  the  boat,  of 
^  ■.  diameter,  over  which,  by  means  of  two 
^Bliide  pulleys  of  the  same  diameter,  the  wire 
^^jpe  takes  half  a  turn.  The  machinery  was 
^Maimcted,  like  that  of  the  greater  number 
^Hf  cable  tugs  now  in  Belgium,  in  England, 
llj  Messrs.  John  Fowler  &  Co.,  Leeds,  who 
ksTe  made  the  construction  of  this  sort  of 
llOBta  one  of  their  specialities. 

The  speed  of  the  clip-drum  can  be  altered 
\j  anitable  gear,  thus  giving  ten,  five,  and 
two  and  a  half  kilometers,  or  rather  more 
than  one  and  a  half  miles  per  hour,  to  the  tug. 
The  first  was  intended  to  be  used  in  towing 
down  stream ;  but  it  was  found  that,  with 
loDff  trains  in  sharp  bends,  it  could  not  be 
worked  safely,  and  that  the  speed  exceeded 
the  requirements  of  the  trade.     The  gearing 
proper  to  it  was  therefore   removed.     The 
^»eed  of  two  and  a  half  kilometers  is  only 
weed  in  winter,  for  towing  up-stream  in  the 
iMOei  rapid  currents,  which  may  amount,  in 
eertain  places  of  the  river,  to  ten  or  twelve 
miles   an  hour.      The  greatest  amount  of 
work  done  by  this  tug  is,  if  going  up-stream, 
at  the  rate  of  four  miles  an  hour  against  an 
aTera^   current    of   two    or    three   miles. 
Working  with  the  full  power  of  two  7}-in. 
eylinders,  12  in.  stroke,  seventy  revolutions, 
80  lbs.  or  90  lbs.  pressure,  it  towed  1,500  tons 
of  freight,  as  taken  in  ten  boats  of  varying 
hardens;   also,  on  another  occasion,  1,000 
tons  of  freight  in  eighteen  boats  more  or  less 
freiffkted.     During  winter  the  tug  worked 
against  currents,  which  the  45-horse  power 
passenger  steamers  of  Seraing  were  not  able 
to  oreroome ;  400  to  500  tons  freight  were 
taken  in  three  boats,  with  the  speed  of  two 
and  a  half  kilometers,  keeping  thus  the  navi- 
gation open  during  a  season  which,  up  to 
now,  was  eonsiderea  lost  for  the  boat  interest 
of  the  Heuse. 

In  oonsequence  of  the  great  delays  at  the 
locks,  if  towing  considerable  trains,  the  aver- 
age mileage  of  the  tug  per  day  is  small, 
anumnting  only  to  about  forty-five  kilo- 
meters, and  being  about  double  of  what  is 


done  by  horse  towing  on  the  same  line.  But 
the  Belgian  government,  being  satisfied  of 
the  beneficial  influence  this  enterprise  al- 
ready effects  on  the  movement  of  the  river, 
have  now  decided  to  increase  the  dimensions 
of  the  locks,  so  that  in  future  a  whole  train 
will  be  locked  through  at  a  single  operation. 
So  the  mileage  may  be  raised  in  future  to 
fil*ty  or  sixty  miles  a  day  easily. 

The  coal  consumed  per  day  of  ten  hours 
was  about  half  a  ton,  the  ton  costing  11  ^f. 
on  the  boat.  There  are  five  men  on  board, 
a  captain  or  pilot,  two  sailors,  an  engine  dri- 
ver, and  a  fireman,  and  the  total  monthly 
working  expenses  amounted  to  about  600f. 
(£24).  In  towing  800  tons  thirty-five  kilo- 
meters per  day,  which  may  be  considered  at 
the  present  moment  an  average  performance 
of  the  tug,  the  daily  receipts  are  under  the 
present  tariff  of  O.OOOf.  per  ton  and  kilo- 
meter (about  one-third  cheaper  than  horse 
towing  for  hire),  168f.  Now  the  tug  re- 
quires two  days  to  go  the  seventy  kilometers 
from  Liege  to  Namur,  and  comes  back  fre- 
quently empty  in  one  day.  It  has,  there- 
fore, twenty  working  days  in  the  month, 
which  pay,  and  the  whole  monthly  receipts 
(if  nothing  is  to  be  towed  down  stream),  are 
3,360f.  (£134).  Three  more  tugs  are  now  in 
the  possession  of  the  company,  of  which  two 
were  successively  tried  during  the  experi- 
ment. They  worked,  especially  in  the  sharp 
bends  and  considerable  currents  above  Se- 
raing, with  regard  to  hauling  and  steering, 
with  a  steady  ease  which  left  nothing  to  be 
desired.  It  was  generally  feared  that  sharp 
bends  with  strong  currents  would  be  fatal  to 
the  system.  These  tugs  are  five  meters 
longer,  carry  engines  of  20-horse  power,  and 
differ  in  their  constructive  details  consider- 
ably from  the  original  type.  They  are  all 
provided  with  an  auxiliary  screw,  so  that 
they  can  moor  independent  of  the  rope  if  re- 
quired. This  gave,  some  weeks  ago,  an  op- 
portunity of  carrying  out  a  very  interesting 
experiment.  The  whole  power  of  the  engine 
can  be  brought  to  bear  on  the  screw,  and  in 
that  case  the  propeller  was  able  to  tow  a 
250-ton  boat  against  the  average  current  of 
the  river,  but  no  more.  Working  by  means 
of  the  wire  rope,  she  towed  with  ease  five 
times  as  much  at  the  same  rate.  It  must  be 
said  that  the  form  of  the  tug  and  the  dimen- 
sions of  the  screw  are  not  the  most  favor- 
able for  the  propeller,  and  some  20  or  25  per 
cent  more  might  be  got  out  of  more  suitable 
proportions.  Still,  taking  in  account  every- 
thing in  thb  direction,  there  remains  an  ef- 
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feet  of  the  engine  about  three  timea  greater 
when  workmg  with  the  clipdrum  tkan  if 
tiBiDg  tbe  aorew. 

Besides  the  lime  on  the  Meuae,  there  are 
now  wire  ropea  on  the  Canal  de  Chaleroi,  in 
Belgium,  on  the  Cunal  de  Beveland,  in  Hol- 
land, and  on  the  Canal  de  Tcmeuze,  which 
connects  Ghent  with  the  Schelde,  aod  a 
short  expenntcntal  rope  for  the  Ehinc.  Con- 
mdering  the  short  time  the  idea  has  had  for 
its  practical  deYelopinent — the  first  experi* 
mental  maehinery  boing  made  in  Leeds  in 
%Si5^ — these  results  upeak  for  its  inipcprtance 
and  the  undoubted  eueeess  it  h&i  obtained 
on  the  linea  in  actual  gpenitlon. 


THE  MNUFACTURE  AND  USE  OF  TORT- 
U^D  CEMENT, 

JT  Ptt.    W*  JtlCBABLIt* 

€oad«lll«d  and  tr^iislalifd  froEU  ('  Pul^t.  Oeolnl- 
blait,'' 

Cements  may  be  divided  into  two  cla^seH, 
the  Bom  an  eetuents  and  the  Portland 
eements.  The  lie  man  cenients  are  niade 
from  earths  fonnd  ready  in  nature,  eapeoial- 
Ij  in  the  Jurassic  roek§.  Their  name 
was  given  to  them  by  Parker,  who  was 
the  first  to  use  the  limeitone  nodulei  of  the 
island  of  Bheppey  for  the  prf^paration  of  a 
water-mortur  or  cement,  which  is  very  simi- 
lar to  the  mortar  made  by  the  Roniani  from 
pu^ssolana,  Portlaud  cements  are  generally 
water-mortars  that  are  prepared  artificially 
by  grinding  and  mixing  different  natural 
substances,  Whon  hardened,  they  resemble 
in  color  and  durability  the  eclebrated  Port- 
land stone*  They  have,  therefore,  been 
dogignated  by  the  same  name  by  Aspdin, 
the  inventor  of  the  fir§t  artificial  cement. 

The  principal  distinction  between  Roman 
oement  and  Portland  o^ment  lies  uou  how- 
ever, in  their  origin,  but  in  their  different 
physical  condition,  caused  by  different  meth- 
ods of  calcination.  Roman  cement  is  a  fine 
dust-like  powder,  partly  of  a  light,  partly  of 
a  dark  re ddijjh -brown  color.  It  absorbs  ear- 
bonie  acid  and  water  eagerly,  and  cannot, 
therefore,  be  stored  for  a  long  while.  Port- 
land cement,  on  the  contrary,  h  a  powder 
oonsisting  of  fine  eTystalline  scales  of  a 
dark-grey,  somewhat  grecniah,  color,  much 
bearier,  absorbing  carbonic  acid  and  water 
lc«8  rapidly,  bo  that  it  may  bo  stored  for 

•**«  time*     It  is  calcined  at  a  considerably 
ilierature  than  Roman  cement, 
isemcnta  are  considered  the  best 


wat^r^^mortar?*  Being  artifi«iAll||[f 
they  can  be  obtained  mor#  haoaga^ 
uniform  than  the  Roman  ceani^f 
vary  ton  much  in  their  compwilidt, 

The  following  analyses  of  iookI 
and  of  some  Portland  oemenlssbori 
tineily : 
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OEIQIK  OF  THE  ABOVE    BOMA^f 

No-  1 .  From  a  triapsic  limepftcitK*  nc«r  1 

2.  From   limestone   nodule«  c»f  tl) 

Shvppcy, 

3 .  From  a  tri  aasic  I  imc!<ctonp » eoTeri 

or  lead  ort%  nefir  Tamowit*, 

4.  From  Unu^bergeu. 
6.  From  MctE. 

6.  From    H^^lkin    Moantam,  near 
FLmt^hiie. 

OBIflIN   OF   THE    PORTLAKD  Cl 

No,  1*  EnjjlisTi  cs^ment  from  While  &  1 
2.  Fmta  Rti'Utn. 

5.  From  WiJdan, 

4.  Tnmi  Wildsu. 

5.  PomeriLiiiim  Star  oement. 

6.  From  Stettin. 

7.  Engliiih  cement. 

8.  From  the  Bonn  If  intng  Compaa 
$,  From  Kraft  h  Saolkh,  a  Fe^ 
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JTCEB  OP    POaTI*AND    OEMEKT* 

limeitones  and  certain  kinds  of 
elected,  mised  intimately  in  eer- 
rtionii,  and  cfilemed  at  a  Ligh  tem- 

The  carbonic  acid  miA  depnTat(}8 
ime  at  a  moderate  red  heat*  But 
e  for  Portland  cement  has  to  be 
to  a  higher  heat,  bccanjse  the  hy- 
xperties  of  the  cement  morcase,  to 
extent,  with  the  teioperature  at 
i  calcined.  It  ought  to  be  Boft* 
LC  heat,  but  not  so  much  as  to  as* 
lense  structure  of  a  melted  mase. 
"ected  at  a  white  heat.     The  clay 

completely  deconipOiicd  through 
I  of  th^  liiue,  and  gilicate  and 
of  lime  are  formed-  The  t^aleined 
Linrf,  Widea  these  two  componnds, 
its  principal  conBtitucnte,  t»maUcr 

of  Btlieate  of  ak^alit  silicate  and 
of  magnesia^  and,  perhap^i,  some 
nd  phoHphato  of  lime, 
cined  mass  is  ground  fine,  mixed 
le  water  and  worked  into  a  paste. 
[ins  prepared  hardeus  more  and 
longer  it  is  exposed  to  water,  or 
leric  air.  Go(»d  Portland  cement 
ird  as  fluor-Bpar,  and  equals  the 
Lonesi  in  iolidity  and  durability, 

3  AND  MIXING  THE  MATEBIALB, 

id  of  carbonate  of  lime  is  fit  to  be 
D  manufacture  of  Portland  cement, 
mestone,  chalk  and  marl  may  be 
alk  and  marl  often  include  foreign 
ich  a8  flints,  feldnpar,  sand^  which 
removed  by  washing, 
Y  ua&d  Dinst  be  of  a  certain  chcmi* 
at  ton,  which  cau  be  seen  from  the 
malysea  of  celebrated  kinds: 


I, 

9. 

3. 

4. 

«. 

.73 

50.^ 
9,53! 

1.S7 
S.73 

t.0O< 

mA^ 

:fl),uO 

cm 

7.33 
0  30 

»e^,,....>,. 

1.90 
9.10 

in 
.37 

tif    OF    Tnl    AHOVE    CLAYB. 

cvlebratcd  Medway  clay. 

a  the  FruHHiiiii  Provioc*^  of  Saxony 

Q  Pom^rania. 

D  the  Upper  Hartz  Mountains. 

B  the  Prariooe  af  Brarideriburg;. 

I  be  seen  from  the  above  analys^cK 
lays  most  adapted  for  the  manu- 
cemeot  contain  considerably  more 
alumina  than  kaolin  do«ii.     Lime 


and  clay  have  to  be  mixed  yery  intimately. 
If  this  oondition  is  not  fulfilled,  a  good  ce- 
ment can  neyer  be  obtained.  The  most  per- 
fect method  of  doing  this  is  to  mix  them 
when  suspended  in  a  large  quantity  of  water. 
Howeyer,  the  success  of  the  mani^acture 
depends  not  only  on  a  thorough  mechani- 
cal mixing,  but  also  on  the  proper  chemical 
composition.  A  careful  examination  of  a 
large  number  of  good  Portland  cements  has 
shown  that  the  proportions  of  the  three  prin- 
cipal components  ought  to  be  within  the 
limits  indicated  by  the  following  two  exam- 
ples of  composition : 
I.  80  equivalents  of  Si  0*  (silicic  acid)» 
210  "  '*  Ca  0.  (lime). 

27  "  "  A1'0*(*V0")   (alu- 

mina  and  peroxyde  of  iron). 
II.     30  equivalents  of  Si   0'  (silicic  acid). 
280  "  **  Ca  0    (lime). 

15  **  "  APO*(Fe«0*)   (alu. 

mina  and  peroxide  of  iron). 

Supposing  the  sesqui-oxydes  to  play  the 
part  of  acids,  these  two  compositions  corres- 
pond to  the  formulffi : 

I.  10SiO«(R'O")  +  20CaO 
(10  equivalents  of  silicic  acid  and  sesqui- 
oxydes,  with  20  equivalents  of  lime). 

II.  10  Si  0*  (R*  0")  +  24  Ca  0 
(10  equivalents  of  silicic  acid  and  sesqui- 
oxydes,  with  24  e(]^uivalents  of  lime),  which 
represent  the  limits  of  the  composition  of 
good  Portland  cement,  and  are  of  great  value 
in  preparing  the  mixtures  of  lime  and  clay. 

The  foUowing  facts  will  give  an  idea  of 
the  hydraulic  properties  acquired  by  the 
single  components  of  cement,  when  they  are 
mixed  with  other  components  and  calcined : 
Silicic  acid  and  lime  are  the  most  import- 
ant components  of  cement  in  <iuantity  and 
quality.  When  mixed  together  and  calcined 
they  form  a  compound  which  hardens  under 
water.  Not  only  amorphous  silicic  acid  pro- 
duces this  effect,  but  also  crystalline  quartz, 
when  heated  with  lime  to  a  white  heat.  Car- 
bonic acid  affects  and  decomposes  silicates 
of  lime.  The  artificial  silicates  resist  this 
decomposition  the  better,  the  more  compact 
and  dense  the  silicic  acid  was,  in  its  raw  state. 
Silicic  acid  and  alumina  do  not  alone  com- 
bine chemically  in  water  at  ordinary  tem- 
peratures after  being  calcined  together. 

Lime  and  alumina  have  a  considerable 
affmity  for  each  other.  When  mixed  and 
heated  they  combine,  and  form  hydraulic 
compounds,  which  harden  with  water  per- 
fectly well,  especially  when  they  have  been 
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produced  at  a  high  temperature.  When 
compounds  of  alumina  with  oue,  two  or 
three  moleeuleB  of  lime  are  finely  pulveriacd 
jind  mixed  with  a  little  water,  they  become 
hioding  iit  onee  and  form  hydrates,  which 
get  very  hard  uuder  water.  By  mixing  the 
aluminate  2  Ca  O,  AV  O*  with  SO,  GO  and 
80  per  cent  of  sAnd,  Fr^my  obtained  a  ma^ 
chat  a^gutned  under  water  the  hardness  and 
Urmnei^s  of  the  best  stone. 

Lime  and  peroxyde  of  iron  form  a  com- 
pound when  calcined  together.  This  com- 
pound is,  however,  leea  hydraulic  than  the 
aluminate  of  lime. 

Calcined  magnesia  alone  hardens  well 
with  water.  It  also  forma  with  silica  good 
hydraulic  compouudii* 

Silicates  of  alcali  are  also  useful  in  the 
process  of  hardening. 

Sulphate  and  phosphate  of  lime  do  not 
aid  the  hardening,  and  may  be  considered 
&B  noxious  ingredients,  when  present  in  con- 
siderable quantity. 

OALOINATION. 

The  mixture  of  raw  materials,  made  ac- 
cording to  the  principles  above  developed,  is 
formed  into  pieces  of  uniform  size  (bricks) » 
which  are  dried  in  the  air  and  calcined. 
The  furnaces  used  for  calcining  are  general- 
ly kilns  from  40  to  50  ft.  high,  and  from  7 
to  12  feet  wide.  Three  or  four  feet  above 
the  ground  they  contain  a  strong  grate,  eon- 
Bisting  of  single  bars,  which  can  be  removed 
when  the  calcination  is  completed.  The 
calcined  and  slightly  glared  nm^s  of  bricks 
slides  down  by  itself  in  cooling,  and  is 
then  extracted.  The  kilns  are  charged  with 
alternate  layers  of  fuel  and  cement  bricks. 
The  regular  shape  of  the  bricks  allows  of 
charging  the  kiln  in  such  a  manner  that  the 
escape  of  the  gases  can  take  place  uniformly, 
over  the  whole  section  of  the  furnace,  to 
eifect  a  calcination  as  uniform  as  possible. 
Coke  is  generally  used  as  fuel,  because  it  is 
purer  than  coat ;  the  sulphur  contained  in 
the  latter  would  give  occasion  to  the  forma- 
tion of  sulphate  of  lime.  If,  however,  raw 
coal  is  used,  the  kilns  must  have  such  a  con- 
struction that  the  fuel  does  not  come  in 
contact  with  the  cement,  and  that  only  the 
gftses  produced  by  the  combustion  pass 
through  the  furnace.  The  annular  ovena, 
Recently  patented  by  F.  Hoffmann  and  A. 
Tr'f.i  f  .^YQ  used  with  great  success  for  cal- 
1  ement,  as  well  as  bricks,  lime  and 
'•y.  In  these  ovens  the  cement  also 
m  contact  with  the  fuel,  but  a  much 


smaller  quantity  of  ihc  latter  ii 
and  the  greater  part  of  thv  aftbes  it 
in  the  charging  tunneb  and  don 
with  the  cement, 

A  proper  temperature  in  cikju 
very  important  matter.     <\rriirht 
at  too  high  a  heat  looses  tr 
of  binding.     The  proj»er 
has  to  be  found  oat  by  cxj 
single  mixture.     The  den^. . 
rials    are,    the   higher   the  It 
Mixtures  prepared  from  compoci 
or  washed  chalk  retjuire  a  higher 
ture    tlmn   those    prepared   with 
porous   kinds   of   carbonate  of 
higher  the  temperature  required,  tl* 
the  kilns  have  to  be  eonstructl^d.    Tk* 
pcrature  varies  easily  to  an  nb^err^Ue  li- 
tent   in   kilns  not    holding  over  1^ 
But  the  limits  within  whieh  the  tnstxnliii 
may  vary  without  injuring  the  r  ''^  *ii'*  \f 
pretty  wide.     The  hydraulic 
cement  increases  with   the   int^..  ,       . 
used  in  ealcining.     However,  thi*  t* 
the  case  to  a  certain  extent.     Whts 
heated,  cement  get«    too  compftct, 
capacity  of  hardening    then  deofttMsa, 
white  heat  is  the  proper  heat  for  the 
tion  of  Portland  cement.      If  it  ii 
higher,  it  begins  to  run,  and  is  thmnmM9m 
use.     The  best  method  Uj  ju' 
temperature   existing   in   thr 
take  samples  of  the  cement  un 
from  time  to  time.     As  the  c*  . 
ment  changes  with  the  incrcii:«c  of  heal,  tk 
samples  taken  from  the  fumaee  will  eb«^fcj 
their  color  and  appearance  how  far  t^  f^ 
cess   is  advanced,  and  make   it  pa«iUi  It 
regulate  the  temperature  properly.     Titftt 
lowing  will  explain  this  : 

The  limestone  looses  its  carbonic  acil  lA 
a  low  red  heat.  At  the  isiitne  lime  ih^  Km 
begins  to  decompose  the  clay.  WfaraafHl 
red  heat  is  kept  on  for  an  Hour  tbr  wtB 
becomes  yellowish-brown,  and  4*an  tkm  h 
dissolved  in  diluted  hydr  2ici4,  t^ 

larger  grains  of  quartz  t\  IV  •• 

pacity  of  the  mass  for  hardeoiag  at,  kiiwtfcr, 
small  yet.  It  gets  hot,  wbeci  mtgti  wA 
water,  and  falU  to  pieces*  when  expcitd  t9 
the  air,  like  ordinary  lime.  With  ikt  i^ 
creasing  temperature  th«  maas  get«  ^arltr 
brown,  more  resisting  to  atmonphfTir  Ui' 
ence,  more  capable  of  hardening,  ^vm  fiiUt 
to  develop  heat  when  mixed  with  waKf  *  ii 
of  which  pwves  that  the  lime  coibHmIi 
chemically,  more  and  more  with  Ihii  abii^ 
When  the   tempenitttre  ii  imetmmi  ts  • 
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e  heat  the  mass  becomes  grey  at  first, 
assumes  a  greenish  tint,  which  gets 
»  and  more  distinct  with  a  farther  in- 
se  of  temperature.  Up  to  this  stage  in 
pvocess  of  calcination  the  cement  im- 
res  in  quality,  its  density,  firmness  and 
aeity  of  hardening  being  increased.  If 
intensity  of  the  heat  still  further  au^- 
Ms,  the  greenbh-grey  color  of  the  mass  is 


but  the  firmer  and  the  more  solid  is  the 
hardened  mass,  and  the  more  valuable  is  the 
cement. 

PR0CB88  or  HARDSNINQ. 

Well  calcined  Portland  cement,  when 
mixed  with  water  so  as  to  form  a  thick 
paste,  becomes  binding  more  or  less  rapidly, 
depending  on  its  composition  and  on  the 
heat   to  which   it  has  been   exposed.     It 


ttged  into  a  blubh  grey;  and  this  b  the  =  golidifies  and  hardens  in  the  air  as  well  as 


^  when  the  cement  begins  to  deteriorate, 
^  mass   gets    more  and   more  compact 
ll  resembles  basalt.     At  last  it  enters  a 
ite  of  complete  fusion,  when  it  shows  the 
!|Murance  of  obsidian,  or  vitreous  lava.    It 
daairable  to  obtain  a  uniform  pumice-like 
iMy  of  a  greenish-grey  color.     Well  mixed 
d  weU  cidcined  cement  ought  to  *'  stand,'* 
kft  is  to  say,  it  ought  not  to  &11  to  pieces 
eoolinff.     Thb    occurs,   however,  with 
rut  bluish-^ey  cement;   and,  also,  with 
•folly  calomed  cement,  when  the  chemi- 
eomposition  is  not  the  right  one.     The 
re  lime  there  is  in  the  mixture  the  safer 
the  oement  be  calcined  at  a  high  heat 
bout  fear  of  its  &llinff  to  pieces  after- 
"da.     Mixtures  containmg  too  much  clay 
to  pieces  after  the  calcination.     An  ad- 
.cm  of  lime  or  alkali  will  prevent  it,  pro- 
ed  the  cement  is  not  burnt.   The  finer  the 
dition  and  the  more  intimately  the  clay 
L  the  lime  have  been  mixed,  the  higher 
be  the  amount  of  lime  used.     But  when 
mechanical  mixing  has  been  done  with- 
accuracy  and  care,  a  greater  amount  of 
e  will  only  make  things  worse.     It  then 
IS  not  prevent  disintegration  of  the  cal- 
ed  mass,  and  adds,  besides,  another  evil, 
tsing  it  to  become  hot  and  to  rise  in  con- 
t  with  water.     The  utmost  care  in  mix- 
;  can,  therefore,  not  be   enough   recom- 
ndod ;  for  no  good  result  can  be  obtained 
Jiout  it,  whatever  the  proportions  of  the 
ced  substances  may  be.     Whoever  does 
t  pay  sufficient  attention  to  this  point,  and 
tributes  bad  results  to   other  causes,  is 
ivitabiy  led  into  errors  and  confusion. 
The  question,  how  much  lime  can  be  used, 
aniwered  by  the  formulsD  I  and  II,  given 
ore,  which  indicate  the  limits.     If  on  10 
oivalents  of  acids  (including  the  sesqui- 
ydea)  less  than  20  equivalents  of  lime  are 
sd,  the  oement  will  fall  to  pieces ;  if  more 
in  24  equivalents  of  lime  are  used  on  10 
oivalents  of  acids,  the  cement  will  get  hot 
th  water  and  will  not  harden  as  a  solid 
IBS.      The  more  lime  a  cement  contains, 
thin  these  limits,  the  slower  it  hardens. 


under  water.  When  hardening  in  the  ur, 
the  cement  does  not  lose  any  of  the  sub- 
stances contained  in  it.  When  it  hardens 
under  water,  a  part  of  its  soluble  compo- 
nents, aspeciaHythe  silicates  of  alkali,  are  dis- 
solved and  extracted.  The  hardening  process 
proceeds  quicker  at  first  in  the  air  than  in 
water,  because  carbonate  of  lime  b  then 
formed  beside  the  silicate.  But  this  takes 
place  on  the  surface  only,  to  a  depth  of 
about  one-eighth  of  an  inch.  The  interior 
mass  remains  free  from  carbonic  acid  and 
hardens  equallv  fast  in  air  or  water. 

Carbonic  acid  gas,  though  at  first  assist- 
ing the  hardening  process,  effects  afterwards 
a  decomposition  of  the  cements  if  they  are 
loose  or  porous.  Ground  cement  b  rapidly 
decomposed  by  carbonic  acid.  The  dura- 
bility of  the  cement  is,  therefore,  dependent 
on  its  solidity  and  density.  The  quantity 
of  water  that  has  to  be  mixed  with  the  ce- 
ment to  prepare  it  for  use,  is  about  one-half 
the  weight  of  the  cement.  This  quantity  is 
sufficient  under  ordinary  circumstances.  But 
in  a  high  temperature,  or  when  exposed  to 
sun-heat  for  a  long  while,  or  when  in  con- 
tact with  quite  dry  bricks,  the  cement  may 
lose  so  much  water  that  it  cannot  harden 
properly.  It  is  not  necessary  to  keep  ce- 
ment walls  wet  till  the  cement  has  hardened ; 
but  it  b  important  to  wet  the  bricks 
thoroughly  before  being  laid  in  cement. 

Hardened  Portland  cement,  which  b  free 

from  carbonic  acid,  contains  14  to  16  per 

cent  of  water.     It  is  generally  composed  of : 

1).  Basic  silicate  of  lime  of  the  formula : 

5  Ca  0.  3  Si  0«  +  5  H  0. 
2).  Aluminate  of  lime  (and  the  corres- 
ponding compound  of  sesqui-oxyde  of  iron 
with  lime)  of  the  formula : 

3  Ca  0.  Al«  0*  (Fe«  0")  +  3  H  O. 
8).  Hydrate  of  lime.     Ca  0.  H  0.       S. 

BESSEMER  KoTALTiES. — The  statement 
circulated  here,  that  they  have  been,  or 
will  this  year  be  reduced,  on  products  for 
cither  home  or  foreign  consumption,  is  of- 
ficially denied  by  Mr.  Bessemer. 
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BURNING  COAL  DUST. 

From  *^  Engineering*" 

Those  who  have  carefally  stodied  the  or- 
dinary  methods  of  burning  fuel  in  our  ateam 
boilers  and  furnace3  nra  well  aware  of  its 
OumeroiiiS  defects,  aod  of  the  losseH  of  heat 
attendant  upon  it.     Thus,  besides  the  los*seii 

I  from  eonduction  and  radiatiun,  which  will 
take  pbice  to  a  greater  or  lesser  extent  with 
any  system  of  burning  fuel,  there  are,  under 
ordinary  circumstances,   the   losses    due  to 

'  imperfect  combustion,  to  unconsumed  coal 
falling  into  the  ashpit,  and  to  the  heat  car* 
ried  off  by  the  waste  gai?es  escaping*  t.o  the 
ebimney,  this  latter  lo^j*  being  largely  in- 
crea??cd  by  the  excess  of  air  which  it  is  found 
requisite  to  supply  to  the  furnace  beyond 
that  required  for  chemical  cnmbuatiou  alone. 
To  avoid  these  losses,  various  plann  have 
been  devised,  the  most  thoroughly  success- 
ful in  practice,  as  well  as  one  of  the  luost 
perfect  in  theory  of  thofle  hitherto  brought 
before  the  public,  being  Mr.  C.  W.  Siemens' 
beautiful  system  of  regenerative  gaa  fur- 
naceB.  As  far  as  the  results  obtained  are 
concorncd,  these  furuacea  have  really  loft 
little  or  nothing  to  be  desired ;  but  they 
have  the  dii^ad vantage  of  being  of  consider* 
able  first  cost  J  and,  therefore,  although  they 
have  boon  very  largely  adopted,  they  have 
not  come  into  such  gcueral  use  as  their 
eeouomical  working  would  otherwiBC  war- 
rant. 

Under  these  circumstances  various  at- 
tempts have  naturally  been  made  to  approx- 
imate more  or  less  closely  to  the  economy 
of  the  regenerative  gas  furnace  without  at 
the  same  time  involving  so  great  an  outlay 
for  gas  producers,  regenerators,  &c.  j  but^ — 
although  several  ex  ne  rim  enters  have  obtain* 
ed  good  result ft^ — until  quite  recently  uo 
plan  which  could  be  said  to  be  a  fair  com- 
petitor of  Mr.  Siemens'  system  had,  so  far 
as  we  are  aware,  been  brought  forward.  A 
few  months  ago,  however,  Mr,  Thomas  Rus- 
sell Gramptou  commenced  expcrimentitigou 
methods  of  burning  fuel  in  the  form  of  pow- 
der, and  the  practical  results  which  he  has 
lately  obtained  arc  so  striking  that  we  are 
inclined  to  regard  his  system  as  one  possess- 
ing very  great  importauoo  from  many  points 
of  view.  And  here  we  may  remark  that  the 
plan  of  burning  fuel  in  a  powdered  state  is, 
in  itself,  not  new.  Both  in  this  country 
and  abroad — and  particularly  in  America — 

hwS^  ftHompts  have  been  made  to  burn  coal 
urtn  of  dust  or  tiiiitly  divided  parti- 


cles ;  bat  prior  to  Mr.  CrampiAo'i  i 
ments  those  attempts  met  witii  hu  i 
ent  success.     One   great  difficultj 
troubled  most  of  the  expcnmcDt«TBfMi| 
the  fines  of  the  furnaces  b«caoi6 
with  dust,  this  du^t  eoDHL»tiag  inil 
measure  of  uneon^^umed  fuel,  and  ff! 
ing,  therefore,  so  much  iraste,  l»«iideit 
a  practical  inconvenience  which  il^ 
impossible  to  avoid.     Mr.  Cnimptti*,  1 
ever,  has  avoided    this  in 
the  arrangctnentKhc  ha^  en  , 
him  to  do  this  have  at  the   -  t  n     i  ntc 
bled    him   to   obtain    othar   ixdvaiiU|n,l 
which  we   shall  speak   in  due 
the  first   place,  however,  we  mu*t 
briefly  the  prinriples  upon  which  Mr.  Or 
ton's  sy.*«tem  is  based — principleii,  wt 
remark,  in  which  sound  common  seoii 
pies  a  conspicuous  place. 

If  two  jets,  one  of  en^l  fira«  aii4 
atmospheric  air,  be  ill'  \  f h« 

ber  side  by  side  and  u  i,  aIci 

flame   will,  as   everybody    kuow»,   be 
duced,  tlie  Ung(h  of  this  flame  iiif^ 
according  as  th»  pre^surt?  tinder  whkk  1 
jets  of  air  and  gas  are  deliven^d  b  it 
Even  if  the  gas  and  air  art*  mix^l  !• 
beinrr  introduced  in  th<?  r^^-**-^-^  -"l  »" 
dfilivercd  into  the  latter 

jet,    the    flame    will     still     be    |>r4.viu--evi.   Ln 

[  length,  although  lcs«,  being,  aa  brfnw,  b^ 
i  creased  by  an  increase  of  the  presmiro  lain 
which  the  jet  of  minted  gaa  and  mtr  m  W^ 
cred.  Now  the  existence  of  thb 
less  elongated  flame  proves  that  the  i 
tion  of  the  gas,  even  when  niix«d  w^  • 
supply  of  air,  is  far  from  being  inalaiittttQii^ 
and  that,  in  order  that  perfect  conibiilin 
may  be  obtained,  a  certain  tjfki«s  mnjl  k 
allowed  to  elapse  before  the  mixed  ga^«  tW 
brought  into  contact  with  the  object!  wkidl 
would  reduce  their  tcropcrnturB  b<dow  Iki 
at  which  chemical  combir;-*:  -  -r*U  ttki 
place.     When  the  fuel  b  ^  ;  .a  •M 

instead  of  a  gaseous  form,  a  >iHi  loafer 
time  is  necessary  for  the  ei»mpteiioti  of  tM 
process  of  combustion,  the  lar-j  *^^ 

cles  of  fuel  the  longer  being  t;,  'H 

required. 

It  is  a  recognition  of  this  f»«t,  tbtl  ifc* 
is  required  to  complete  eombiyrlioii,  lb* 
forms  the  basis  of  Mr.  Cn^mpliPD^t  np^t^ 
of  buunjiug  powdered  fuel.  In^fteadiJrpr^ 
jecting  the  coal  dust  inte  a  chHitib.T  tUi» 
the  heat  is  to  be  ut!lix»?i,  he  »  '^ 

the  requisite  supply  of  air,  and  .*....  ^ 
mixture  into  a  comhitHtioo  chamber  or  fti> 
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imdk  length  or  provided  with  suoh  baffling 
^mos  that  time  is  afforded  for  the  com- 
Mkkm  to  he  completed,  before  the  heated 
%•■  which  are  produced  arrive  at  the  point 
^■^  the  heat  is  ntiliised.  The  time  requi- 
^  to  attain  this  end  may  be  obtained  by 
^■ing  the  combnation  chamber  with  a  ssig* 
^Ine,  or  by  placing  across  it  perforated 
^Mmi  of  brickwork,  which  will  form  baffles, 
Id  deky  the  current  of  gases.  In  any 
fen,  openings  are  provided  for  drawing  off 
kl  ilag,  which  is  deposited  in  the  eombus- 
Mehamber. 

Of  course  the  smaller  the  particles  in 
ueh  the  fuel  is  supplied  the  greater  will 
ike  surface  exposed  by  them  in  propor- 
m  to  their  weight,  and  the  shorter  there- 
e  will — as  we  have  already  stated — be 
I  time  required  for  their  combustion.  In 
ler  words,  the  finer  the  particles  the  more 
%rlj  will  they  approach  in  character  to 
latnia  fael,  and  therefore  if  it  were  not  for 
tein  commercial  considerations  it  would 
^Tisable  to  reduce  the  fuel  to  the  finest 
tides  possible.  Although,  however,  coal 
j^  by  suitable  mechanical  contrivances, 
Madily  reduced  to  a  state  of  impalpable 
rder,  such  reduction  would  be  expensive, 
I  therefore  from  an  economical  point  of 
w  imadvisable.  Mr.  Crampton  has  given 
•  matter  careful  consideration,  and  we 
here  that  the  conclusion  he  has  come  to 
tliat  regarded  from  a  commercial  point  of 
Wf  it  is  unadvisable  to  spend  more  than 
I  shilling  per  ton  on  reducing  the  coal  to 
rder;  or,  in  other  words,  that  the  coal 
^d  be  reduced  to  as  small  particles  as  is 
•ible  for  this  expenditure,  but  that  the 
rmntages  to  bo  gained  by  the  use  of  finer 
'tides  would  not  compensate  for  the  extra 
lense  of  producing  them. 
to  reduce  the  coal  to  powder,  Mr.  Cramp- 
i  proposes  to  use  ordinary  millstones  hav- 
;  %  blast  of  air  passed  between  their 
Dding  surfaces,  this  blast  both  keeping 
(  stones  oool  and  carrying  off  the  fine  par- 
ies as  soon  as  they  are  produced.  The 
d  may,  of  course,  if  desired,  be  crushed 
;ween  rollers,  or  by  other  means,  before 
lug  fed  to  the  millstones.  The  methods 
delivering  the  mixture  of  powdered  fuel 
1  sir  into  the  combustion  chamber,  em- 
ijed  by  Mr.  Crampton,  vary  somewhat 
Mirding  to  circumstances ;  the  plan,  how- 
ir*  which  appears  to  be  most   generally 

Sliesble   is  that   in  which  the  powdered 
i  u  delivered  from  a  hopper  by  means  of 
feed-roller  into  a  coned  pipe  or  nozzle, 


within  which  is  a  smaller  nozzle  dbcharging 
air  under  pressure.  A  kind  of  injector  is 
thus  formed  which  delivers  the  mixed  air 
and  powdered  fuel  into  the  main  pipe  lead- 
ing to  the  combustion  chamber,  this  pipe 
being  traversed  by  a  current  of  air  under  a 
low  pressure.  In  this  arrangement  the  feed- 
roller  can  receive  its  motion  from  a  little 
engine  directly  attached  to  it,  this  eneine 
being  driven  by  the  compressed  air  supplied 
to  the  injector  nozzle.  Where  the  furnaces 
are  distributed  about  the  works,  the  employ- 
ment of  little  independent  engines  in  this 
way  will  be  a  groat  convenience,  and  will 
5ave  the  erection  of  shafting. 

We  Lave  said  that  the  experiments  already 
made  by  Mr.  Crampton  on  his  system  have 
given  most  satisfactory  results,  and  we  hope 
to  be  able  in  an  early  number  to  lay  the  fall 
details  of  these  results  before  our  readers. 
In  the  meantime,  however,  we  may  point 
out  some  of  the  advantages  which  Mr. 
Crampton 's  system  appears  to  us  to  possess. 
In  the  first  place,  bcMides  enabling  ordinary 
good  small  coal  or  slack  to  be  efficiently 
cou.sumed,  it  affords  great  facilities  for  burn- 
ing coal  of  inftrrior  qualities.  Take,  for 
iustance,  coal  containing  a  large  proportion 
of  sulphur.  In  order  that  sucii  coal  may  be 
utilized  for  metallurgical  operations  in  ordi- 
nary furnaces,  it  is  rcquieiite  that  after  being 
powdered  and  subjected  to  a  washing  pro- 
cess, it  should  be  moulded  by  pressure,  &c., 
into  blocks,  while  by  burning  it  in  the  pow- 
dered state  all  the  moulding  process  would 
be  dispensed  with.  In  cases  when  the  coal 
merely  contains  an  admixture  of  earthy  mat- 
ters, unaccompanied  by  deleterious  volatile 
ingredients,  the  advantages  in  favor  of  Mr. 
Crampton's  system  are  still  gr(*ater.  In 
buch  cases  it  is  not  even  requisite  that  the 
coal  should  be  washed,  it  being  merely 
necessary  to  reduce  it  to  powder,  the  pres- 
ence of  the  earthy  matters  merely  increas- 
ing the  quantity  of  slag  deposited  in  the 
combustion  chamber  without  interfering  with 
the  perfection  of  the  combustion.  In  deal- 
ing with  the  poor  coals  of  India  and  similar 
fuel  this  would  be  an  important  considera- 
tion. Another  advantage  consists  in  the 
saving  of  labor  effected,  the  supply  of  the 
powdered  fuel  to  the  furnace  being  regulated 
merely  by  opening  or  closing  a  valve,  while 
there  is  the  further  advantage  that  the  sup- 
ply of  air  needed  is  little  if  any  greater  than 
that  required  for  chemical  combination,  so 
that  the  intensity  of  the  heat  attainable  is 
far  greater  than  in  an  ordinary  furnace 
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where  there  is  necessanly  a  surplus  of  air 
pre«cat.  As  a  result »  moreover,  of  the 
nicety  with  which  the  supply  of  air  can  be 
adjustedi  the  formatiou  of  smoke  can,  as  the 
trials  have  shown,  ho  completely  avoided. 
AgiAin,  the  systum  offers  great  facilities  for 
utilizing  the  heat  which  would  otherwisiC  be 
carried  off  by  the  waste  gases,  it  being 
merely  neoessary  to  pa^s  these  gases  through 
regenerators  arranged  od  Mr,  SienieDs'  plan, 
and  employ  these  regenerators  to  heat  tbe 
air  which  is  mixed  with  the  coal  dust  in 
the  first  instance.  In  reheating  and  other 
similar  furnaces,  also,  the  fact  of  a  slight 
pressure  being  raaiutaincd  within  the  fur- 
nace is  an  undoubted  advantage^  as  it  pre- 
vents the  indraught  of  cold  air  through 
crevices,  or  when  the  furnace  doors  are 
opened.  Altogether,  we  consider  that  Mr. 
Oraniptou's  system  of  burning  powdered  coal 
fuel  IS  one  which  is  well  worthy  the  attention 
of  all  interested  in  the  economy  of  fuel,  and 
we  anticipate  that  it  will  come  into  exteu- 
fiive  use.  We  shall  have  more  to  say  about 
the  system  in  a  future  number,  when  we 
shall  be  at  liberty  to  publish  details  of  the 
trials,  which  have  already  been  made  on  a 
practical  scale. 


CULVERTS  UNDER  RIVERS  AND  CAN^Ua 

From  ttie  *'MeoLEQio«'  Magmbe.*' 

There  is  always  more  or  less  hazard  and 
risk  in  disiturbing  what  may  be  called  the 
**  existing  state  of  things.**  Nevertheless, 
it  becomes  imperatively  necessary,  on  cer- 
tain occasions,  to  incur  tbc  risk  of  so  doiug. 
Of  all  tbe  examples  of  engineering  practice, 
in  which  a  corroboration  of  this  gtatemont  is 
to  be  found,  that  relating  to  interfering 
with  the  status  quo  of  tbe  beds  and  banks  of 
rivers  and  canals,  affords  the  most  conclusive 
one.  Numerous  have  been  the  accidents, 
and  dire  the  consequences  of  excavating 
even  in  the  approximate  locality  of  these 
situations.  It  is  impoi^^ible  to  observe  too 
much  caution  in  conducting  operations  of 
this  nature,  which  have  now  become  more 
freijuent  than  formerly.  This  is  partly  ow- 
ing to  the  fact  that  rivers  are  no  Innger  re* 
garded  as  inseparable  barriers  between  their 
opposite  shores,  and  that  attention  ha.s,  dur* 
ing  the  last  few  years,  been  prominently 
drawn  to  the  practicability  of  effecting  a 
oommunication  underneath  instead  of  over- 
head. This  has  been  exemplified  on  a 
;rl^'antic  scale  by  the  proposed  submarine 
»-' nil muuic&tion between  Englandand  France, 


and  is  being  practically  canied  nit  bjr 
Waterloo  and  Whitehall  Pn^tunatk  " 
pany,  and  by  the  coti^  of  iht 

under  the  Thames  at  r 

not  arrived  at  this  puch  oi  AuMariAl 
neling.  the  French  have  ao<*ftffipli^iA 
thing  in  that  lin  '^ 

recently  success}  >e 

to  connect  the  ^ewag*  ^  oo  c^d 

of  that  river.     The  i    ,     ^     f  culvert 
pipes  ander  embxinkmenis  hat  alwifi 
a  source  of  anxiety  and  trouble  lo  tM 
neer,  even  when  the  <;n»bankmi>ni*  ui 
at  the  same  time.     It  is  needleM  Is 
out  how  greatly  the  trouble  tucreaia^ 
how  much  greater  need  there  id  «C 
tionary  measures,  when  tbc  cas4»  in* 
undermining  of  a  bank  a  I 
There  are  two  very  j . 
to  be  adduced  where  tbc  Uviugwf 
culverts  underneath  the  btink?  nf 
servoirs    were   attended  ^H^\ 

bursting.     The  one  is  th-  riH 

trophe    at    Bradtield,   some  few 
The  other   is   the  lea^kage  and  -^ 
emptying  of  the  Vartrj  re»er\    i:  '- 

ing  a  portion  of  the  Dublin  ^V  ' 

Whatever  might  bav©  benii 
of  the  former  mishap,  whether  n 
an  error  in  the  principle  of  cu 
adopted,  or  in  practical  w**' 
there  is  very  littUi  doubt  ab« 
The  extrados  of  the  arch  of  the  ctiitxxi  wu 
left  nearly  smooth,  without  soy  4h$U, 
steps,  or  *'  racking  back,"'  lo  iJard  a  im 
hold  of  the  puddle  of  the  bank,  lo  lyA, 
there  was  really  a  straight  joint  bctvteai^ 
puddle  and  the  masonry,  whereat  t&0ff 
should  have  been  a  uniuu  as  inlimalc  ai  ^ 
was  posi^ible  for  ingenuity  to  imapMw  ii 
might  be  expected,  the  water  fouii4  oaA^ 
**  weak  spot.**  The  result  waa  ibe 
of  the  reservoir,  which  had  taken  I 
fill,  and  the  plunging  of  the  DuUb  Corf^ 
ration  into  Utigation,  which  c^ntatle^ 
a  large  amount  of  expense.  In  maftj 
towns  where  new  sewage  workaai^ift 
of  construction,  it  has  been  nooesiaiy 
iron  pipes  below  the  beds  of  tlie  ailji 
rivers  and  canals,  both  for  thte  parpi 
effecting  a  communication  Itetweca  tMl 
ers  upon  the  opposite  sides,  ai»4  ali^  ^ 
some  instances,  to  eonsttlute  a  rltaaMl 
conveyance  for  the  sewage  to  llie  $tUb 
tended  to  be  irrigated.  Th-- 
plan  has  been  adopted  at  N'  ^^^v* 

very  extensive  drainage  and  hrw.>£f  w«eO 
are  in  progress*     8otiie    ifle^  of  Iksir  tt* 
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wukj  be  g&ined  from  the  fact  that 
are  estimated  to  cost  £60,000.  Pro- 
the  foundation  be  good,  and  concrete 
'liberally,  the  only  point  presenting 
difficalty  is  the  joints,  which  some- 
glTe  a  great  deal  of  trouble.  The 
to  which  the  drains  must  be  sunk  de- 

in  the  first  place,  upon  the  levels; 

yj,  aeocmdly,  upon  the  condition  of  traffic 
^m  vkieh  the  river  is  placed.  If  the  river 
^  iimTi|pkbie,  and  used  for  the  purposes  of 
~— "ion,  the  pipes  should  not  be  placed 
^•0  near  the  surface,  and  should  be  well 
.^pvoteeted,  especially  about  the  joints,  with 
mmmmat  eonorete,  or  they  are  liable  to  be 
^Msaged  by  the  anchors  of  boats.  Were 
ttere  any  choice  in  the  matter,  it  would  al- 
ivajs  be  preferable  to  take  the  drain  or  pipe 
•ver  instead  of  under  the  river,  but  it  is  sel- 
dom tluU  the  levelp  are  so  entirely  optional 
no  to  nfford  the  right  of  selection. 

An  instance  of  the  bursting  of  a  canal 
•Mbankment,  in  consequence -of  excavating 
wndemeath  it,  for  the  purpose  of  construct- 
ing n  culvert,  occurred  a  very  short  time 
MO.  A  portion  of  the  embankment  of  the 
Mnpton  and  Warwick  Canal  was  washed 
nwnj,  making  a  breach  nearly  40  ft.  in 
vidtk. 

Ab  n  rule,  we  should  prefer  in  these  haz- 
nidons  situations  to  lay  cast-iron  pipes  in- 
otond  of  building  a  culvert.  The  time  which 
the  disturbance  and  interference  with  the 
ozistinjc  bank  occupies  is  of  equal  import- 
nnoe  with  the  nature  of  the  operations  car- 
ried OD.  A  much  shorter  time  will  suffice 
to  lay  in  a  pipe  than  to  construct  a  culvert 
of  brickwork  or  masonry.  The  former  will 
also  require  less  excavation  than  the  latter, 
lor  supposing  them  to  have  the  same  inter- 
nal dimensions,  the  arch,  invert,  and  side 
walli  of  the  culvert,  will  necessitate  the  tak- 
ing ont  of  considerable  additional  quantity 
of  earth.  These  proportions  in  a  cast-iron 
pipe  are  simply  its  thickness,  which  practi- 
eilly  is  inappreciable.  Besides,  an  increase 
in  the  capacity  or  internal  size  of  the  pipe, 
produces  little  or  no  corresponding  diffcr- 
aoee  in  the  thickness.  With  the  exception 
of  the  difficulty  sometimes  experienced  in 
making  good  the  joints,  there  is  no  compari- 
son with  respect  to  the  relative  facilities  of 
the  two  methods  for  establishing  a  speedy 
and  secure  communication  between  the  op- 
posite banks.  The  manner  in  which  the 
eanal  is  constructed,  at  the  place  where  the 
intended  pipe  or  culvert  is  to  cross,  has  a 
very  great  effect  upon  the  risk  attending  its 
Vol.  I.— No.  8.— 50. 


successful  laying.  Should  the  canal  be  car- 
ried altogether  in  an  embankment,  and  the 
levels  not  permit  of  the  pipe  being  laid  in 
the  natural  ground,  but  require  it  to  be 
placed  in  the  artificial  bank,  the  danger  is 
seriously  augmented.  Not  only  is  the  founda- 
tion more  treacherous  and  insecure,  but  the 
earth  above  is  more  liable  to  subside  than  if 
it  consisted  of  a  thin  stratum  of  the  natural 
surface.  Subsidence  is  not  necessarily  a 
forerunner  of  leakage  or  bursting,  but  it 
frequently  does  precede  these  serious  con- 
tingencies, and  may  be  regarded  as  a  warn- 
ing sign  which  should  never  be  disregarded. 
A  distinction  must  be  drawn  here  between 
the  ordinary  subsidence,  which  invariably 
follows  the  erection  of  every  new  bank,  a 
short  time  after  its  construction,  and  that 
for  which  there  is  no  apparent  cause.  The 
former  is  always  expected,  and  provision 
made  accordingly  for  raising  the  bank  to  its 
proper  level.  The  latter  should  be  at  once 
carefully  inquired  into,  and  a  constant  watch 
set  on  the  spot. 


ffiON  AND  STEEL  NOTE& 

DURATION  OF  Blasts. — A  metallurgist  who  has 
spent  the  past  wiuter  in  traveling  omong  the 
French  and  English  Aimaces,  gives  it  as  his  opinion 
that  many  of  the  recently -constructed  and  syste- 
matically managed  estahlishments  of  the  United 
States  have  nothing  to  fear  from  a  comparison  with 
the  very  hest  in  Europe.  In  fact,  there  are  some 
respects  in  which  the  ironmasters  of  this  country 
are  decidedly  in  advance  of  their  trans-Atlantic 
compeers.  The  ever-increasing  consciousness  of 
the  necessity  of  very  high  temperature  in  the  hlast 
is  far  more  generally  acknowledged  and  obeyed  in 
this  country  than  in  Europe;  ond  the  average  num- 
ber of  workjnen  re(iuired  to  perform  the  usual  labor 
about  the  furnace  is  much  greater  there  than  here. 

This  observer  gives  the  palm,  amonff  the  works 
which  he  visited,  to  the  furnace  near  Middleboro', 
in  the  Cleveland  district.  "  Everything,"  says  he, 
^'  is  new,  practical  and  neat,  even  to  elegance.'' — 
Whether,  however,  in  the  colos.sal  furnaces  of  that 
neighborhood  the  limits  of  economy  have  not  been 
passed,  is  a  serious  question.  The  two  funiaces  at 
Kosedale  are  103  feet  high  and  27  feet  in  the  boshes. 
Certainly  their  pi  oduct ion  of  eighty  or  ninety  tons 
per  twenty-four  hours,  great  as  it  is,  seems  to  be 
below  the  proportion  of  their  vast  dimensions. — 
Probably  the  use  of  the  Liirman  cinder-block, 
which  has  been  adopted  at  some  of  the  works,  will 
be  found  especially  advantageous  in  raising  the  pro- 
duct of  very  large  fUmaces,  since  it  brings  the  slag 
discharged  much  nearer  the  center  of  heat,  to  say 
nothing  of  other  favorable  effects. 

One  point  of  difference  between  American  and 
foreign  blast  ftirnaces  is  not  in  our  favor.  We  are 
,  not  able  to  keep  as  long  in  blast  as  do  the  Euro- 
I  peans.  This  complaint  is  (piite  general  among  us, 
I  and  it  is  well  worth  while  to  inquire  whether  tlio 
I  difficulty  arises  lYom  a  defect  in  the  quality  of  our 
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of  our  Americui  ftirxiacea  SO  <^  tlni*  vciq^  W I 

maximum. 

E%P£Bl1fKirT9   AT  TKB   J 
MASTEKfl.—The  Stall 
**  The  Engineer."  says:    '  ui*  »*  ii^i 

advanced  produoennjf  pi  kcri  bmk 

dlairict,  there  han  for  iiurn  a  ad 

such  a  comblnatiuo  shtm'  t  ct^ti 

works  may  ho  carried  on  j  -^f  »  >»iti  | 

and  for  the  btmetit  of  all.  »ut.h  ds  tu^chin*  [ 
and  other  augge^^ted  im}»rovumenU  in  ikeidli 
forge  department. 

The  same  idea   is  now  fiiKLitig  exprei»la  bi|^ 
s[K>ct  of  the  making  of  ptg  iruii,     A  Sunik !"   ^ 
shire  iri)nm!i8tert  who  within  the  Uat  aixt — 
made   live   visits  to  the  ClovelKod  (fimKl,  1 
Q|K»ii  what  b  being  diioe   there  an 
trade  in  his  district,  to  devi^w  w^me 
which  they  may  at  one   *  'ch  « 

pcriment,  and  to  le^tm  w(  proi*  i 

u  able  for  permanent  sulu|itu>a         Dftr»f  afj 


nattural  or  maDufactnred  fire -proof  mat(?riaL  With 
«  Tiew  to  answer  this  qaeitiont  carefnl  experiments 
have  heen  made  abroad  upon  saiuples  of  American 
clay  and  brickf?  furnished  by  W.  M.  Lyon,  Esq.,  of 
Pittsburgh,  and  the  results  have  just  Ix^en  coonnu* 
nicated  to  us  by  Mr,  George  Asmers,  under  whose 
direction  they  were  instituted. 

It  was  found  that  our  Mount  Savage  Are  brick 
excels  the  best  varieties!  in  Scotland,  Germany  or 
Belgium^  and  that  our  Star  at  leii»t  equals  tlicm* — 
A  third  brand  of  cheap  American  brick,  the  Porter, 
showed  itself  not  sutficiently  ft  re-proof  to  be  used 
even  in  tlie  upper  parts  of  blast -t^urnaces.  These 
experiments  do  not  by  any  means  prove  that  there 
are  not  many  other  kindM  of  Americiui  tke-brick  as 
good  as  those  mentioned.  In  fact,  we  liave  our- 
selves obtained  and  manufactured  material  from 
New  Jersey  which  succsessfully  resisted  tests  before 
which  the  famous  Stourbridge  brick  gave  way. — 
The  question  to  be  answered  iu  these  experiments 
was  merely  whether  it  would  pay  to  import  Scotch 
c»r  Gi^rman  brick  on  the  assumption  that  all  Ameri- 
can material  is  defective.  This  question  is  now  S  visits  I  saw  ^he  says)  furuacoi  in  i«i 
clearly  answered  in  the  negative;  aud  if  Mount 
Sftvage  or  Star  bricks  do  not  hold  out  as  long 
as  Garnkerk,  the  rensous  must  l>e  sought  else* 
where  than  in  the  raw  material.  Most  complaints 
of  this  kind  come  from  fnrnaces  which  smelt  the 
very  rich  ttres  of  Lake  Supei  ior,  aud  thut^  too,  with 
extremely  small  additions  of  lime,  L'nder  these 
circumstances,  the  form nt ion  of  cinder  at  the  ex- 
penae  of  the  alumina  of  the  lire-brick  is  inevitable. 
The  evil  is  aggravated  when  the  blast  is  not  ?o  strong  j 
»3,  for  m^itance,  at  the  charcoal  furnaeej*  of  Lake 
Superior,  when  the  presnure  is  but  one  and  a  half 
pounds.  The  zone  of  fusion  here  becomes  annular^ 
and  hugs  the  walls,  producing  such  a  rapid  action 
tipon  them  that  it  is  not  surprising  that  the  blasts 
in  that  neighlK*rhood  seldom  last  longer  than  twelve 
or  fifteen  mouths. 

Careful  experiments  only  can  determine  whether 
it  would  be  wise  to  change  the  pre#ient  proportion 
of  flux  and  the  pressure  of  bia«it  to  gain  the  advau* 
tage  of  longer  campaigns.  Such  que»ition  cannot  be 
flippantly  answered  a  priori.  One  thing,  however. 
is  now  certain.  We  do  not  need  to  look  for  better 
material  in  the  construction  of  furnaces  than  our 
own  country  affi»rd.*«. 

[The  above  is  from  the  **  Journal  of  Mining.*^^ — 
The  *^  Americiiti  Exchange  and  Review"  makes  the 
following  comment?  :] 

in  addition  to  tlie  above,  it  may  he  said  that  there 
is  as  singular  a  variation  in  the  endurance  of  English 
l^imaces  as  there  is  in  furnaces  m  this  country,  in 
districts  where  the  ores  vary.  We  speak  now  in 
respect  of  the  endurance  of  the  furnace  ring  or 
inner  walls.  The  gentleman  last  named  is  upon  the 
line  loading  directly  to  the  cause  of  diffen^nce  be- 
tween the  endurance  of  American  and  of  EnrojMnvn 

furnaces.  The  peculiarity  of  ores  demands  a  pecn- 1  quent  visits  to  the  trial 
liarity  in  fluxing,  and  if  that  tj-pe  or  normal  condi*  working  a  50  ft.  furnace, 
tion  is  not  reached  In  the  charge  thrown  into  the 
furnace,  the  silex  and  ahimina,  not  the  alumina 
alone,  must  suftert  and  the  brick  is  dissolved  or 
fluxed  in  itself.  The  nature  of  the  ores  reduced, 
therefore,  hag  much  to  do  in  bringing  about  the  dif- 
Airence  in  endurance.  This  may  be  considered  a 
probable  suggestiou  when  we  notice  the  largo  amount 
of  lime  in  the  charges  of  Englisih  furnaces  as  given 
in  the  tv^ie  cinder  of  Dr.  Percy^  namely^  H8  silex, 
15  alumina,  47  limef  whereas  in  the  large  majority 


then  in  Staffordshire  ;  aioce   tbeD«  %l 
worlts,  those  furnaces^  have  been  att«!n3ii  i 
twice,,  and  are  now  either  rebuilt,  or  are  i' 
be.**   Indeed  on©  of  the  Cleveland  fr 
self  remarked  to  me,  in  outisix|ueiic«  %4  \ 
said  that  I  had  thought,  the  fimt  time  1  «as  I 
district,  that    the   furnaces    were    so  pedcd  I 
would   probably  remain  f  -  ■      ■      — '*"Ttdi 
the  last  six  years  I  have  l 
advance  of  the  other  ;  I    i  ,        * ' 

down  and  rebuilt,  or  am  about  to  reoiiildv 
85  ft ,  furnaces^  with  27  ft.  btishcs,  capable  aft 
450  tons  of  iron  per  week.** 

The  South  Statfordshire  rajutar  rfioari 
seems  a  very  lavish  way  >  I    '  oqt  m*yn>Aai 

let  us  examiue  if  mure  (N  <»f«bslldiM* 

nace  would  probably  ciwt  o  akHit  CLMk 

but  if  by  rebuilding  you  <  ^  pert«««« 

lino  tons  per  week  it  won  jI  to£h'Simmm 

per  year,  or  upwards  of  60  per  cent  oo  t^  ocflif «* 
Now,  as  their  furnaces  make  »ip  lo  4o0  ^"^Jf^ 
week,  it  is  evident  that  th.  liwr 

they  can  see  a  saving  o(  •  ptr 

What  we  want  is  a  systcii 
on  one  given  furnace,  an! 
Btaooes,  and  in  such  a  \^ 
reliable  data.aach  data  tr^ 
This  could  be  best  done  b. 
Institute,  ejich   raemlwr   - 
furnace,  accttrding  to  Ihi 
he  owmed  or  leased.     Sueb  ati  rrtvnitit«  i 
a  working  committee,  who  would   build  ar4 
on©  or  more   furnaces,  as   well   aa  a 
keep  all  accounts  on  the  coatr^hoolc 
each  separate  account.    TIi€  comiuilkH; 
at  least  once  a  month,  and 


fur 


agree  to  try  the  proper  h 
with  the  ditferent  ooals  oi  uu^  «ji^in.-i      i  m 
would   be   hurthened  to  Its  very  ootaklr 
powers  al  that  Im  «'^l.«    with  i»ru  h  i.f  Hm  o« 
tried, strict  ix'ii  'crythiaf li*i 

kept.     These   i  'dm  f uraica  Ij 

raised  5  tt.,  and  iheu  try  tiiem  lUJ  a^aiu^  SMi 
any  or  all  of  them  prove  to  work  to  bettff  mttwt* 
age  at  tin*  iucn^ased  height,  then  raise  antHkir  &ll^ 
aud  go  on  in  the  same  way  till  that  i*% 
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ed.  We  might  then  try  increased  heat  of 
r  a  close  hearth,  and  then  the  yield  of  any 
dl  ironstones  by  thenibelves.    The  value  <^ 

institute  no  one  can  tell,  but  supposing  that 
ig  heights  we  saved  as  much  as  five  cwt.  of 
the  ton  of  iron — in  Shropshire  they  save 
irt.,  and  in  Cleveland  upwards  often  cwt. — 
I  be  somewhere  near  equal  to  adding  one- 

to  the  life  of  Stafibrdshire,  whilst  it  would 
I  the  quality  also. 

Blast  Engine.  —  A  blast-Aimace  engine 
It  at  Norwalk,  Conn.,  and  described  in  the 
Linerican  Exchange  and  Review,''  has  the 
g  peculiarities :  It  is  a  vertical  engine. — 
r    cylinder   is  72-in.  diameter  and  S-ieet 

the  steam  cylinder  86-in.  diameter.  The 
m  and  follower,  instead  of  being  cast  iron 
ing  packing  between,  ccAisist  of  a  ring  six 
Q  thickness,  with  space  for  packing,  which 
of  solid  wool  felted  and  set  out  by  a  spring 
Lnstead  of  the  one  piston  rod  taking  the  pis- 
be  center,  there  will  be  three  taking  hold  of 
lide  of  the  air  piston,  passing  up  through  the 
itsideof  the  tteam  cylinder,  and  fastened  to 
•bend.  The  great  advantage  of  this  is  that 
ily  prevents  any  steam  or  water  IVom  being 

down  the  piston  rod  through  the  stuffing 
to  the  air  cylinder.  The  air  piston  being 
a  ring  held  by  the  three  rods,  and  the  en- 
ter being  covered  with  boiler  iron  slightly 
d,  is  very  light.  The  steam  piston  is  cush- 
t  both  ends  by  passing  and  closing  the  ex- 
orts  just  before  the  termination  of  the  stroke, 
(ndering  striking  the  heads  abeiolutely  im- 
),  besides  making  the  change  of  stroke 
instantaneous,  and  in  consequence  of  this 
iation  of  the  blast  is  little  or  nothing. 

Laboe  Blast-Furnace  at  Norton,  Eno- 
ru. — We  have  received,  says  the  *•  American 
ige  and  Review,''  the  following  description  of 
t-famaoe  at  Norton,  near  Stockton-on-Tees, 
i,  erected  by  John  Player,  of  Player  &  Hen^ 
80  Broadway,  New  York.  It  is  85  feet  high, 
feet  across  the  boshes;  cubic  contents  26,- 
i;  and  closed  top,  or  bell  and  hopper  arrange* 
MT  charging;  has  one  horizontal  blast  engine, 
I  cylinder  seven  feet  diameter  by  seven  feet 
working  twenty-two  revolutions  per  minute; 
or  of  Player's  patent  hot-blast  stoves,  of 
>ipe8  each:  heating  the  blast  1,000''  to  1,200*' 
pressure  of  three  and  a  half  to  four  and  a 

ands  on  the  square  inch,  using  six  tuveret.  .v,.v.^.o  v^.^^...^  ^..w..  .<»^.^»^„-o  ^^  ...»  v 
blown  in  March,  1867,  and  in  1868  produced  tive  excellence  of  small  and  large  ftimaces. 
tons  of  pig  iron;  and  in  February,  1869,  was 
big  about  600  tons  of  foundry  iron  per  week. 
Dsumption  of  fuel  is  about  one  ton  to  the  ton 
Iron.  The  ores  are  now  42  per  cent,  yield- 
»  per  cent  better  than  with  smaller  furnaces. 
MS  into  the  slag,  or  cinder,  than  formerly 
le  small  furnaces.  The  Aiel  is  ordinary  coke 
old  not  be  worked  in  small  Airnaccs,  owing 
(furious  efiect  on  the  quality  of  the  iron, 
gas  arrangements,  or  rather  the  arrangements 
wing  it  off,  are  so  perfectly  constructed  that 
»ply  is  divided  up  into  sixteen  different  jets, 
I,  so  that  each  stove  and  boiler  has  its  supply 
odent  of  the  othi'r,  and  there  is  enough  for 
and  for  heating  the  blast ;  it  is  regulal^  and 
led  with  the  same  facility  that  ordinary  light- 


ing gas  is  consumed  in  a  dwelling,  and  is  consumed 
on  the  principle  embraced  in  an  Argand  burner,  by 
a  gas  regulator. 

The  production  of  this  fmnaoe  has  exceeded  the 
anticipations  of  the  parties  concerned  by  fully  fifty 
per  cent.  It%  illustrated  in  <'  Engineering"  (Au- 
gust 10, 1866,  p.  104),  where  it  is  stated  that  it  was 
exiiected  to  produce  400  tons  per  week,  while  it 
now  produces  about  600  tons.  It  is  expected  that 
it  will  keep  in  blast  five  to  six  years  longer,  or  seven 
to  nine  years  in  all.  Owing  to  the  time  that  it  will 
probably  remain  in  blast,  the  expenses  of  repairs 
will  be  less  than  in  any  other  furnace,  per  ton  of 
iron.  There  are  no  repairs  to  be  charged  to  the 
hot-blast  stoves,  nor  will  there  be,  as,  owing  to  the 
principles  of  their  construction,  none  can  be  requir- 
ed. The  labor  account  of  this  fVimace  is  but  a  trifle 
in  excess  of  that  of  one  of  eighteen  feet,  whilst  the 
product  IS  double. 

Estimate  of  cost  of  this  Aimaoe  at  present  wages 
and  prices  of  materials,  to  include  furnace,  casting 
house,  engine  house,  lift  stoves,  etc.,  complete  to 
take  the  blast : 

Foundations,  -  -  -  .  .  $6,800 
Common  bricklayers'  work,  '  -  24,800 
Fire  bricklayers'  work,  -  -  .  37,600 
Cast-irop  work,     -        -        -        -        26,000 

Blast  engine, 18,000 

Boilers,  etc.,         -        -        .        -  6,600 

Pumps, 2^600 

Machinery  for  hoisting,  -        «        .  8,600 

Sheet -iron  work,  -  -  -  -  4,000 
Wrought*iron  bands,      -        -        -  8,000 

Valves,  pipes,  cocks,  stays,  etc.,        -      6,600 
Various  expenses,  such  as  fitting,  setting 
engines,    boilers,    scaffolding,    extra 
labor, 16,000 

$146,600 

We  would  modify  this  communication  from  Mr. 
Henderson  by  simply  stating  that  we  are  under  the 
impression  that  his  estimates  of  cost  of  producing 
iron  on  the  Lehigh  are  too  low  as  to  coal,  limestone, 
and  in  some  places  in  ore.  The  cost  of  limestone 
is  about  $1.76  in  some  places,  of  coal  more  than 
twice  as  much,  even  before  the  strike,  and  ore 
(brown  hematite)  is  generally  firom  $6  to  $6.20  at 
the  mines,  to  say  nothing  of  the  magnetic  ore  which 
forms  nearly,  and  in  some  places  quite,  one-quarter 
of  the  charge,  and  is  much  more  expensive.  With 
what  has  been  said  in  a  previous  article  in  the  pre- 
sent number  of  the  **  Exchange  and  Review,"  our 
readers  can  draw  their  inferences  as  to  the  compara- 


MixiNO  Iron  Orbs  and  Charges. — Dr.  Crookes, 
in  his  new  work  upon  iron,  just  received,  has 
the  following  concerning  the  mixing  of  ores  and 
charges : 

1.  Rich  ores  without  earthy  substances.  They 
are  mixed  either  with  poor  ores  or  with  fiuxes  of 
blast-Airnace  slags,  neutral  silicates,  etc. 

2.  Silicious  ores.  These  are  the  most  common; 
they  are  mixed  with  different  fluxes,  according  to 
the  state  in  which  the  silica  is  associated  with  the 
the  ore,  viz : 

a.  Silica  is  mechanically  admixed  with  the  ore, 
ores  generally  difiicult  to  fuse,  requiring  aluminous 
and  calcareous  fiuxes ;  best  in  the  form  of  alumin- 
ous lime  if  suitable  iron  ores  are  not  obtainable.— 
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yiuor  Bpar  has  Bome  advantagea  over  common  lime, 
■A  its  tluoriu(!  volatiliju^'S  i>art  of  ibe  BilicoD .  It  HiseB 
enAily  with  heavy  spar,  gyiisiim,  aod  phosphnte  of 
lime,  and  is  therefore  a  good  tiux  for  or*?»  contain- 
ing those  substaticeis.  Ores  at  the  ukmc  time  con* 
taining  quartz  in  a  finely  diaseminaU^i  state  and 
protojLide  of  iron  are  difficult  to  .«meU,  The  aili- 
cioua  orea  without  manganeae  produce  gray  or  mot- 
tled iroa. 

b.  The  silica  ia  more  or  less  Maturated  by  other 
bases  than  iron^  The  silica  ia  aometimea  saturated 
with  baaea  in  such  a  manner  jia  forms  a  aui table  slag 
without  the  addition  of  other  tluxes;  or  wheo  con- 
tained in  richer  ores,  an  addition  of  neutral  tlnxcH 
ia  required  only  to  produce  the  auliicient  qiumtity 
of  aiag.  In  moat  caaea,  however,  the  silica  is  nut 
suflicientty  saturated,  and  it  then  requires  an  addi- 
tion of  basic  miuerftia,  calcareous  ores,  or  lime.  In 
rare  cases  ores  are  smelted  coutatning  ailicatea  ao 
basic  aa  to  require  an  addition  of  ailitMi  or  alumiu- 

c.  The  ailica  is  combined  with  pcrojLide  or  pro- 
toxide of  iron,  as  in  puddling,  reflocry  slugs,  etc. — 
These  subatiinces  are  difficnit  to  timelt,  and  the  l>est 
method  h  Lang  U  Frey's,  according  to  which  25 
parta  of  well  burned  fresh  lime  are  slaked,  and  mixed 
while  warm  with  <i6  parta  of  pulverized  sbigand  10 
pai'ta  of  pulverized  coaL  The  mixture  is  molded 
into  forma,  dried,  and  broken  up  to  the  aize  uamil 
for  smelting. 

^,  Calcareous  iron  orea  being  very  refractory  when 
smelted  by  themseiveSi  are  mixed  with  argil  lace*  i  us 
iron  ores  or  clayey  aubatances.  Pure  quart?,  is  m:1- 
dom  employed  as  an  addition,  for  it  RHiuires  a  lon- 
ger time  for  the  formation  of  t»ilicatea^  and  is  liable 
to  scorify  protoxide  of  iron. 

4.  Iron  ores  containing  magnetiia  are  very  refrat- 
tory,  and  require  an  addition  of  argilluceous  sub- 
atancea  and  lime.  If  these  orea  contain  at  the  s^ime 
time  a  cerUtin  amoimt  of  manganese,  the  reaction  of 
the  magnesia  will  be  partly  neutralixed. 

5.  Manganiferous  iron  orea  sometimes  smelt  by 
themaelvea  and  are  inclined  to  yield  white  pig  iron, 
but  they  usually  require  an  addition  of  lime  in  order 
to  produce  a  slag  free  from  iron.  An  increased  ad* 
dilion  of  lime  or  magne8iferouasubstatic«38ia  requir- 
ed if  the  production  of  gray  iron  ia  intended  from 
these  easily-fusible  ores.  Easily -fusible  orea  poor 
in  mangimeae}  such  aa  some  sorts  of  black -band  ^ 
also  require  a  greater  addition  of  calcarcoua  tluxes. 

6.  Titaniferous  iron  orea,  usually  ditMcult  to  fuse, 
require  tinxes  of  lime  and  quarts.  Alkaline  fluxea 
are  also  very  eiiective. 

PLATING  StEKLt  etc,,  WITH  NlCKEL. — There  WCTC 
recently  exhibited  before  the  Polytechnic  As- 
■ociatiou  of  the  American  lustitiitCj  several  s[»eci- 
ineDa  of  iron  and  ntcel,  upon  which  nickel  luid  Ik^cd 
deposited  by  tb©  battery  by  a  i»roc**»H  devised  by 
Dr,  Isaac  Adams,  of  Boston.  It  was*  claimed  for 
this  pr^iceaa,  that  while  nickel  is  a  much  cheaper 
metal  than  silver,  it  is  much  harder,  and  is  not 
allectivd  by  atmonpheric  inlluences,  while  at  the 
aame  time  the  color  is  nearly  equal  to  that  of  silver. 
I4ickel  is  a^lmirably  adapted  to  the  engraver's  pur* 
poses,  aa  from  its  extreme  hardness,  a  plate  of  nickel 
will  outwear  several  plates  of  copper*  Hitherto  it 
has  bt»en  fo\md  in» possible  to  deposit  nickel  to  a 
greater  thickncjis  than  that  of  a  mere  film*  The 
mer**  deposition  of  nickel  on  steel  is  nothing  new. 
Directions  for  the  process  will  he  found  in  Smee^s 


work^  publiahed  many  j^^n  afo,    M  ikm  i 
has  been  foaud  tmpo»dbk  to  deposit  SMfal  h| 

plates,  for  as  soon  aa  a  flUu  baa  twai 
the  nickel  is  defiosiied  in  Uw  fona 
'^black  deposit,- '  which  is  friaUa  and 
Hitherto  it  hat*  been  thtrnglii  nrnT^ry  !•  i 
nickel  for  the  pole  or  anode  thai  ta  %o  )■  T 
but  Dr.  Adam    ^  eed4ixi,ciriA«hcBtk»| 

employed  did  j  mtfce  tlttO  I&  par  < 

uickeL    Mr.   >  I  nut  dMcriW  Ikt  \ 

employed,  a»  he  stated  that  bo  waa  afnld  I 
mory  was  not  to  be  (rusted  in  rvf^rd  ttt  k.  i 
solution  employed  is  the  double  ii<ilpbal<  •#! 
and  ammonia^  but  it  must  U'  prepan<d  bai 
manner,  in  order  to  Insure  auoce 

THEGtOSKnHe\RTtf    IK    BLA9T-FDma. 
correspondence  of  the  ''  Engineer  "  Ikv 
tions  the  tise  of  thi.-«  unoiuvrment  in  C 
The  devices  of  tbi  <  :   irun^oiiaien  iij 

all  leakages  or  drop  r  i  lo  litutiaad 

miimiise  all  available  producu,  an; 
are  tlw  other  distrieta,  vo  t*tr  aa  it  U 
localities  of  old  date,   sitiiine.     Tha 
system  of  working  bliAat-turiaoe*, 
applied  to  some  for* '^    i nn,. »....-  tr, 
being  tried,  we  aee  By 

the  hearth  is  kept  n.  un  \ttUm 

method,  for  there  is  nu  v  fc.«ap 

tem[Mirature   in  the   u^  ,  ii 

hearth  and  the  dam,  lu^t*_ad  >_•£  U'-'Siisf 
cinder,  aa  in  most  of  the  Kngh«li  fliniatita, 
iiTi't,  upon  Ltimian'-^  -  *  •  nf^  iomerVBi  vm  • 
of  about  niije  iucln 
bringing  the  full  for. 
rials.  Fuel  is  saved,  iind  iiioro  irvn.'aad  ^  al** 
ter  quality,  is  prcxluoed,  Th«  auftrng  mt 
ried  on  without  the  bhist  being  taken  i4r« 
another  source  of  economy,  mnd  tht  ' 
tlirough  - '  process  after  ercry  cut,  mi%h  Ha 
qucnt  waste  of  heat,  is  unoeooMvy.  Th0<«  i*  m^ 
son  to  concludL^  that  the  fiimacoa  will  not  i&pli^i 
tendency  to  ''  bridge  itp>*'  that  comiitioo  ti  lUip 
being  prevented  by  the  nttorisf  h*-al.  bv  w!>*r!rrwn* 
thing  becomes  th<M  jtm 

ox|>erimenta  have  ;i  jr  te 

applied  where  tender  ivi  ucll  ha  &iroug  ii^d  ia  op^ 

THE     SiKMEMS-MaP^'v 
The  North  Yorl 
amongst  whom  Mr    > 
ber  for  Banbury,  ia  a  c 
attempted  to  carry  out  i :  j*ik 

cess  for  the  manufacture  of  -  ^uj  sa^ 

experimenting  have,   in    rri<  i^mtf,  U 

some  of  the  itages,  «baiidoi»cu  ua-  yrt^afi^  tatb 
consist uent  great  regr^  sol  alona  «f  liiillinlwk 
but  likewise  of  the  p6a|»le  aT  Newpoft*  w^mt$  m- 
morons  wurk*{XHiple  b^ipati  tu  Had  moiitiiyMi  h^ 
new  avocation,  but  are  now  being dkoiatfML  fi^ 
attempt  is  not,  however ^  to  be  ctottaltaily  gffiBif^ 
— Cor*  Ettginttr, 

Ew  IIexton  Patkmt, — The  inrvnilDfi  of  I 

Heaton,  of  T-^trnrlrv    MnU      U.»hy,J 

relates   to  iih  ma 

production  of  I  oakta  la  IhH** 

ployment  of  tlie  cinder  or  lia^  f£«ult^|  tnm  H*  { 
balilng  of  st^  or  of  steoly  iron  w|ti#*h  haalcMi^ 
tained  by  the  action  of  »•'  M  wik^ 

of  |KMa*h  upon  eaj$|*ir'  .^wmiN 


K'MBB    IS 

\  and  IrwC 
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I  or  appArmtu  soch  m  is  described  in  the  spe- 
lofleUen  patent  granted  to  him  (No6.798 
■I  1^396!),  or  in  any  other  suitable  Aimace  or  appa- 
■L  Tbia  cinder  or  slag  ho  employs  either  in  what 
itaovn  as  the  puddling  process  for  the  production 
f— H^shle  iron,  or  of  steel  (torn,  cast-iron,  or  in 
m  UaM-Ainiace,  for  the  purpose  of  improving  the 
Hlftf  of  cast  or  pig  iron  to  be  produced.  In  the 
niojmenft  of  the  product  obtained  by  heating  to- 
uer  oxide  of  iron  and  carbonate  of  soda,  er  caus- 
t  aoda,  or  mixtures  of  the  same  for  the  production 
'  maUeahle  iron  or  steel  fh)m  cast-iron,  in  what  is 
Mm  as  the  puddling  process,  and  also  its  employ- 
nt  in  the  Uast-Airuace,  for  the  purpose  of  im- 
OTiDg  the  quality  of  cast  or  pig-iron  to  be  pro- 


i  Stxbl  AMD  laoN  TuBxs. — It  is  upwards 
of  two  years  since  we  first  publicly  drew  atten- 
m  to  the  interesting  process  of  making  tubes  by 
■cthing  a  solid  ingot,  and  gradually  enlarging  it 
lorwarda  by  pnndies  of  successiyely  increasing 
■aetor,  so  as  to  put  the  work  upon  the  tube  from 
•  ioude  instead  of,  aa  heretofore,  longitudinally. 
Ban.  Deaken  &  Johnson's  punched  tubes  have 
MO  achieved  a  great  commercial  success.  Up- 
vds  of  A  quarter  of  a  millton  have  been  made, 
d  fai  many  large  contracts  abroad,  especially  for 
t  Bemiqgtoii  rifles,  no  others  are  used. — Engi- 


^MMnna  Machine. — ^A  writer  in  "  Engineering," 
remarka  that  in  some  tests  which  he  witnencd 
fth  the  Kirkaidy  machine,  a  trammel  used  on  the 
r  itself,  showed  a  far  less  amount  of  extension 
dcH'  Tarious  strains,  than  was  indicated  by  elabo- 
tm  machinery  and  index  attached  to  the  instru- 
BD(  for  this  purpose.  This  is  an  important  point 
havo  in  view  in  connection  with  such  tests. 

Imx  pig-iron  product  of  Great  Britain  in  1868 
.  mm  4,800,000  tons,  that  of  the  United  Sutes 
508,000  tons. 


ORDNANCE  AND  NAVAL  NOTES. 

jVijBOpBAii  Small  Arms. — With  regard  to  small 
J  anna,  the  most  prominent  feature  of  the  year 
IB  been  a  continuation  of  the  activity  to  which  the 
nents  of  1866  gave  the  first  impulse.  In  the  North 
erman  army,  the  work  of  arming  the  troops  with 
le  well-tried  needle-gun  was  pushed  vigorously 
rwud.  For  the  fortresses,  rifled  percussiou-guus 
*  home  and  foreign  construction  (Austrian,  &c., 
Jum  in  war)  were  transformed  into  breech-loaders. 
;  ia  proved,  by  the  result  of  trials  made  at  the 
Jlitary  practice  school  in  Spandau,  with  guns  of 
m  most  approved  s^-stems,  that  the  ne<;dle-gun,  in 
reclaion  and  rapidity  of  fire,  is  inferior  to  none, 
n  tlie  other  hand,  the  superiority  of  the  small  cali- 
BT,  mider  some  circumstances,  is  a  muttor  that 
lerita  aerious  consideration.  Ilesse,  Baden  and 
Tortemberg  have  armed  their  contingents  with  the 
sedle-gun.  Bavaria  will  not  remain  satisfied  with 
le  Podewils  gun  transformed  on  Lindner's  system, 
ad  win  probably  adopt  that  of  Werder.  Austria 
■a  not  3ret  completed  the  transformation  of  her  old 
Am  according  to  the  system  of  Wansl .  The  model 
r  Wemdl  presented  some  difficulties  of  construc- 
OD,  bat  the  manufacture  is  now  said  to  be  going 
irwarda.     Hero,  as  everywhere,  it  is  the  n^etal 


carfi'idge  that  has  caused  the  trouble.  Since  April, 
the  French  infantry  have  been  armed  with  Chasse- 
pots;  but  this  is  only  the  case  with  the  army  on  ita 
peace  footing.  Although  private  industry  abroad 
and  at  home  has  been  hail  in  requisition,  a  sufficient 
number  of  these  arms  has  not  been  procured  for  the 
trmy  when  in  war,  not  to  mention  the  reserves. 
Lidge  supplied  40,000  hist  year,  and  hopes  to  finish 
B0,000  in  1869.  In  spite  of  some  defects,  which  the 
Minister  of  War  himself  acknowledges,  the  weapon 
seems,  on  the  whole,  to  give  satisfaction. 

For  the  National  Guard,  the  old  rifles  are  being 
altered  according  to  Snider.  Italy  and  Russia  have 
adopted  the  needle-gun.  The  Italian  rifle  pretty 
closely  resembles  the  Dorsch  and  Baumgarten  con* 
Btruction.  In  Russia  the  change  progresses  very 
slowly,  and  the  breech-loaders,  altered  after  the 
model  of  Carld,  are,  according  to  the  latest  news, 
only  in  the  hands  of  the  guard.  Berdan  is  contem- 
plated OS  a  new  model,  and  of  these  60,000  are  said 
to  be  in  readiness.  Only  the  North  German  Con- 
federation, with  Baden  and  Wurtemburg,  is  at  pres- 
ent completely  supplied  with  breech-loaders, 
and  then  come  France  and  England.  All  the 
other  States  are  more  or  less  behindhand  in  this 
respect.  At  present  the  needle-system  preponder- 
ates, as  four  great  States  and  several  of  the  smaller 
have  adopted  it. — Kreutz  Zeitung, 

THE  Monitor  System  Gainihq  Gaouxa. — ^A 
British  capUin  recently  said:  "For  nineteen 
years  we  had  to  deal  with  vessels  which  we  knew 
were  worthless  to  flght  in.  They  were  gorgeous  in 
appearance,  rich  in  tradition,  associated  in  the  past 
with  all  our  naval  glories,  and  it  is  a  bitter  thmg  to 
part  with  them;  but,  still,  that  old  wooden  fleet  has 
been  at  last  got  rid  of,  for  last  night  the  First  Lord 
of  the  Admiralty  promised  you  that  even  your  re- 
serve in  ftiture  should  be  an  iron-clad  fleet.  Hav- 
ing got  rid  of  that  wooden  fleet  you  have  now  to 
prepare  yourselves  in  the  next  ten  years,  if  you  are 
governed  and  led  as  you  should  be,  to  find  the  fieet 
trusting  to  steam  machinery  alone  for  its  progress." 

Whereupon  the  "Army  and  Navy  Gazette"  re- 
marks :  **  Until  Americans  and  French,  Prussians 
and  Russians  decide  upon  ceasing  to  build  iron- 
clads, casting  and  building  up  20-ton  guns,  rifling 
and  smooth-boring  and  manufacturing  other  imple- 
ments for  the  ready  and  wholesale  destruction  of 
human  life,  we  cannot  afibrd  to  be  behindhand;  and 
so  we  fear  the  ugly,  low,  iron  floating  citadels  must 
drive  fVom  the  face  of  the  waters  the  stately  three- 
decker.  War  is  a  business,  sad  as  it  may  be,  and 
those  who  engage  in  it  cannot  indulge  in  a  senti- 
ment which  might  lead  to  bankruptcy.  We  must 
make  up  our  minds  to  flght  when  called  upon  be- 
hind twelve  or  fldeen  inches  of  iron  armor-plates, 
and  our  movements  regulated  by  steam  power  repre- 
senting the  combined  strength  of  nine  or  ten  thou- 
sand lK>r8es." 

When  the  British  navy  comes  down  from  three- 
deckers  to  "  ugly,  low  citodeb,"  protected  by  twelve 
or  flftecn  inches  of  iron,"  and  propelled  by  "  steam 
machinery  alone,"  it  will  be  a  splendid  realization 
of  the  Amtrican  idta^  first  proposed  by  Stevens  and 
made  practical  by  Ericsson. 

COMPARATIVE  EpPICIENOT  OP  THE  NeW  BeITISH 
Gun.— A  9-in.  Frazer  gun,  made  for  an  endn- 
rance  trial — a  trial  it  Voutranee — has  withstood  up- 
wards of  1,100  discharscs,  and  of  these  400  were 
fuU  service  rounds  of  30  lbs.,  with  260  \\m.  r|fle4 
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shot,  while  the  remainder  were  battering  charges  of 
43  lbs.,  with  the  saute  sliot.  The  guti  in  »aircety 
eolargi^d  iu  the  chamlier,  the  ritiiug  hurdly  worn. — 
It  is  a  reason  for  just  ttattu&Al  pridi.*,  or,  r&ther, 
fur  au  evto  greater  pride.  No  Krupp  gnu  of  large 
bore  cotild  lie  udupted  with  ctHifideni^e  in  our  naval 
service.  No  French  guti  could  hold  Itf  own  for  an 
hour  against  such  a  teat.  A*  for  the  American 
guns — the  huge  smooth  bore* — ihey  have  been  offi- 
cially coudeuined  and  abandoned  by  the  ordimuce 
engineers  of  the  cousin  country- — Bngintrring. 

We  are  greatly  indebted  to  cousin  Bull  for  work- 
ing out  the  Frascr  gun — at  a  fabulous  cost.  When 
it  is  quite  jwrtected  we  shall  adopt  it  in  places  to 
which  it  is  suiteil.  Meanwhile  we  *re  equally 
thuokrnl  to  cousin  Bull  fi^r  disbelieving  in  the  Ki>d- 
mau  XV  inch.  It  answers  very  well  uur  modest 
re4|uiremeuts — such  an  enduring  the  thousand  test 
rounds,  tiring  hundred  pound  charges,  and  smash- 
ing such  targets  aa  it  haa  been  amied  at.  The  lute 
Congrensioruil  ordnance  committee,  reterred  \^  by 
our  cotemporary  aa  the  '*  ordnance  engineers**  of 
America,  have^  indeed,  abandoned  the  KodinJin,  but 
as  long  as  it  is  retained  and  believed  in  by  I  lie  army 
and  navy  it  will  meet  our  wants  till  the  Fraser  and 
the  Woolwich  machinery  are  m  far  perfected  that 
they  can  be  Bal>$ly  copied. 

FRENCH  Merchant  Marine. — The  following  re- 
sult* relating  txj  the  mercantile  marine  of  France 
are  lakeu  trtau  the  general  table  of  the  foreign 
commerce  of  France  just  published  by  the  Minister 
of  Agriculture,  Commerce,  etc.  On  the  Hl&i  De- 
cember^  18^i7,  the  total  tonnage  was  1,042, 761  ^ 
and  at  premmt  Is  I,04ti,679,  showing  an  increju^  of 
5„928  tous.  The  number  of  vessels  is  16,W2,  Of 
tbe«i,  7,212  are  below  10  tons  ;  4, 7 67  from  10  to 
im  i  2,7JJ3  from  im  to  300  j  whilst  above  800 
there  are  only  70.  Out  of  that  total  216  are 
stoamers  representing  86,102  tons,  an  augmeiitatiou 
being  found  over  the  previous  year  of  8  sliips  and 
lljlfc  tons.  Those  figures  are  of  great  interest,  im 
they  show  tlie  constant  advance  of  constructions 
intended  to  accelerate  navigation.  The  port  of 
Marseilles  has  the  largest  share — viz,,  172,829  tons 
distributed  amongst  792  vessels.  Havre  comes  next 
with  132,296  and  390  ;  Bordeaux,  129,167  and 
418  }  Nantes,  114,734  and  647.  Bordeaux  hfts  the 
grcati'st  numlK»r  of  large  vessels — 283,  from  100  to 
8O0  tons.  The  ditll'rence  between  the  entry  and 
departure  in  ballast  is  considerable.  In  184>T  the 
touuAge  was  19,000  for  the  former  and  2,605,000 
for  the  latter.  The  figures  for  loaded  vessels  are 
6,366,000  and  4,125,000  respectively.  The  result 
is  that  France  has  always  great  difficulty  in  finding 
export  freights. — Army  and  Navy  Gazttte, 

CONST EuCTioN  OF  Armor  Plats. — ^Two  amior 
plates,  each  6  in.  tijick,  nmnnfactured  by  Cam- 
mell  h  Co.,  for  the  Austrian  gtivernment,  were  re- 
cently tested  by  four  shots  from  the  8-m.  amootli 
hore  at  30  ft.  range.  The  one  plate  was  made  iti 
the  ordinary  way,  the  other  wa.s  made  up  of  three 
thiclcDesses,  by  placing  an  armor  plate  4^  in.  thick 
between  two  thinner  plates,  and  rolling  them  dowu 
to  the  required  thickness  of  6  in.  It  was  remurkn- 
We  to  see  how  closely  the  one  plate  resembled  the 
other  after  the  test«  had  been  made,  (he  greatest 
bdent«  being  2,6  in.  and  2.4  in.  respectively,  while 
the  bulge  in  the  hack  in  both  Instances  were  3 1  in. 
O^t  an  area  of  2  A.  8  in.  and  2  fl.  4  m.  respec- 


tively.    It  wn^     1    -.1     esi^ablbM  thai  I 
practically  m-  u  the  iMrly ofcilcr^ 

and  both  will  r.  -  ..\.  ..  jiigh  ch 
The  above  is  t  roni  an  eugin 
gical  journal  of  higli  authoriry,  wtJch  twrt  ] 
us  to  ask  if  all  rolled  armor 
from  piles  of  thinner  i>latt'»i,  - 
iiuired  thickness.    We 
rather  than  a  r^sembUi^' 
— ^the  iroii  being  the  ^^uuv — t^' 
markable. 

rTHx  Russian  Flxet. — The  < 

1.    ttculars  of  the   Kumul?)  ft  | 

'^'Jonnml  of  Si.  P»  1  Tjj  t:* 

the  Ministry  of  thtj  <-lstfi^J 

ll<69,  the  tleet  counurx  ...i.'  ^>«  »«^*i  r»  isd97i 
vessels.     The    former  ct»rtsbt(Hl  of   1^ 
armor-plated  ^-essels  :    4  rHg;ite».  t*.  ^viiUr 
18  monitors.     Non-plat<*d  v«:saeli 
line,   8  frigates,  18  corvett*'*.    T 
bfjdtts,  6  vessels  colled  ' 
rial  yachts,  18  scliooner- 
boats,  and  16  chalou|»€^  iu»; 

sbted  of  5  yachts,  4  adi*  i  ranJqnrii  i 

chaluupes.     Of  these    1  v^f.-im' 

tic,  1  in  the  White  Sea,  ^411 

Black  Sea,  SI  on  the  ei^^ 
22  in  the  sea  of  Ural.     There  w«4r«»  ui 
plated  frigates  and  a  steam  yaeht  cm  %ht  \ 
the  Baltic,  and  2  gunhoftta  on  the  Siberiift  < 

BB.1D0X  BtriLniKa  i:i  Wak  Tthk — Bri^fi 
ing  was  one  of  the  aria  brought  to  iht 
state  of  perfection  during  the  rebrUica. 
McCallum  states  that  the  RAppahawtKct 
bridge.  626  lect  long  ami  H6  fevt  high,  mm 
in  nineteen  working  hours ;  Potoioac  Creek 
414  feet  long  and  82  fi^ct  high,  in  forty  ^^BM 
hours;  Chattah<^KK!hee  bridge,  78iO  feet  kof  i«lB 
feet  high,  in  four  and  a  half  dajt|  tbUllPW 
Tunnel  Hfll  and  Re&ica,  25  mil«s  of  pimmai 
way,  and  230  feet  of  bridges,  were  coHlrvlli  b 
seven  and  a  half  days;  and  near  B|g  Shaty,0i| 
miles  of  permanent  way,  and  466  feet  UMtge^k 
thirteen  ai^. 

TaiAL  or  £.\otrsH   aiid   TMMtcm  RirLn^tli 
current  number  of  tlie   ''  PtooMdiiq^  if  lii 

Royal  Artillery-  Institution  *'  containa  «•  iaMMll^( 
account  of  a  trial  tutelv,  at  Woolwich*  uT  Ite  (!»' 

r»  that  iht  OtfKfii 
'    '^  ana.    Tb 

ickl  MM 

nl 

Hi 


sepot  rifle  in 

As  regards  m^ 

was  greatly  iuii.  i  i<>r  f  i 

target  made  with  the  11 

was  1.652  ft.,  tbe  be»t  m  r 

(t.     The  best  target  with  the  1 

a  still  higher  degree  of  accur 

trajectory  of  the  Henry -Martini  wja  lUtti^f  t 

of  the  Chasaepot,  vi£.,  8  i\   2  in,  agaXMt  101 

tiznphcity  of  manipulation  the        _ 

super ior,  and  it  is  less  fatiguing  to  OM.    lij 

for  rapidity  the  Chassepirl  gaiw  SO  roBodf  isT 

42  sec. ;  the  Henry-Martlui  20  ronuidi  fa  4§i 

more  than  twice  the  rapidity. 

EW    TCTRKISH   IeOM^ClaH Tho    Ifiijill  ft^, 

built  for  the  Turkish  govenunenl'lf  1 
Samuda  Brothers,  at  Poplar,  waa  r«e«DlJy  ' 
ed.     The  length   is  230  ft  .  hrradth 
27  ft.     Her  burden  is  1,1-  -.d  I    .      . 

mom  2,400  tons.    Her  ui  ^mU  ksr  ^ 
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led  guns  placed  in  a  double  oentral  battery, 
ilged  tliat  they  can  all  be  fired  on  one  broad* 
r  can  be  trained  to  fire  in  a  line  nearly  par- 
ith  tbe  ihip's  course  as  bow  and  stem  cha- 
She  IB  designed  by  Mr.  Markrow,  of  the 
0  Iron  Shipbuilding  Company,  and  will,  if 
pectation  of  her  designer  and  builders  be  ac^* 
shed,  be  the  £utest  vessel  of  her  cUss  afloat. 


NEW  BOOKS. 

AUD  Steel  Mamufacturb  :    a  series  op 

»EBS   OJI    THE   MaHUFACTURB    AND    PROPER- 

p  Iron  aed  Steel;  with  Reports  oh  Iron 

TEEL  IN    THE  PaRIS   EXHIBITION    OP    1867; 

ITS  OP  THE  State  and  Progress  of  the 

ACTURB  DURING  THE  YbARS  1867  AND  1868; 
S8CRIPTI0NS    OF    MANY    OF    THE    PRINCIPAL 

oiD  Steel  Works  in  Great  Britain,  the 
rsNT  OF  Europe,  and  the  United  States. 
RDiNAND  KoHN,  C  £.  Ncw  York :  Virtue 
iton,  No.  12  Dey  street;  and  D.  Van  Nos- 

handsome  volume,  which  is  profusely  illus- 
embraces  a  series  of  paper  on  the  manufoc- 
iron  and  steel;  reports  on  iron  and  steel  in 


to  puddling  purposes.  Coming  to  the  manufkcture 
of  wrought  iron,  we  find  articles  on  puddling,  in- 
cluding the  various  attempts  that  have  been  made 
to  carry  on  the  process  by  mechanical  means;  fol- 
lowed by  descriptions  of  forge  hammers,  forging 
presses,  and  rolling  mills.  In  the  latter  depart- 
ment, tyre  rolling,  the  universal  mill,  improved 
pl|ite  mill  machinery  and  adjuncts,  form  a  highly 
important  feature  in  the  volume.  If  we  add  that 
reports  on  the  iron  and  steel  exhibited  at  Paris,  and 
on  various  matters  connected  with  the  strength  and 
elasticity  of  iron  and  steel,  are  appended  to  those 
above  enumerated,  we  have  given  a  tolerably  clear 
sketch  of  what  Mr.  Kohn  has  collected  in  this 
quarto  volume  of  288  pages,  with  its  88  AiU  page 
illustrations.  .  .  .  The  book  will,  assuredly, 
bo  of  good  service  to  the  trade,  particularly  those 
who  are  practically  connected  with  iron  or  steel 
works;  and  we  have  no  doubt  it  will  have  an  ex- 
tensive circulation  in  all  the  iron-making  districts. 
— Iron  and  Coal  Tradu  Jtevieto, 

fVuE  Mining  Atlas.   By  Thomas  Sparoo,  M.  E., 
1    &c.    Published  by  the  author,  at  224  and  226, 
Gresham  House,  Old  Broad  street.  City.    For  sale 
by  Van  Nostrand,  New  York. 
Mr.  Spargo  has  in  the  present  work  excelled  all 


i  Paris  Exhibition;  reviews  of  the  state  and  I  his  other  publications,  by  the  importance  of  the 

subjects  and  the  exceedmely  interesting  manner  in 
which  they  are  treated.  No  fairy  tale  could  con- 
tain a  more  romantic  air,  or  be  written  in  a  more 
graceful  style,  than  the  <' Mining  Atlas.''  So 
varied  is  the  geological,  mineralogical,  topographi- 
cal, and  geographical  information  and  description 


la  of  the  iron  and  steel  manufacture  in  1867 
68;  together  with  detailed  descriptions  of 
Dcipal  iron  and  steel  works  in  Great  Britain 
,  the  Continent.  .  .  .  The  author  com- 
with  a  general  notice  of  the  iron  aad  steel 
ctnre  in  1867,  and  in  this  the  method  of 


Mnent  adopted  in  the  body  of  the  work  is  in-    [?**  ^^^  ^^^^l^J*  ?  repertory  of  scientific  jnforma- 


The  fir»t  important  division  is  devoted  to 
telting.  This  introduces  much  useful  infor- 
about  the  Scotch  iron  field,  particularly  of 
irtsherrie,  Coltness,  Govan,  and  Langloan 
•rks.  Barrow-in-Furness  naturally  comes  in 
inent  place,  and  the  extensive  works  at 

are  also  described.  The  new  district  of 
nd  receives,  as  might  be  expected,  an  elabo- 
tice,  the  more  modem  fiirnaces  being  Ailly 
ed  by  illustrations.  About  one-half  of  this 
1  is  appropriated  to  continental  iron  works, 

various  metallurgical  subjects  connected 


tion,  associated  with  scenes  and  incidents,  local  and 
historical,  of  thrilling  interest.  All  the  maps  and 
sections  are  beautifully  executed,  but  that  of  Colo- 
rado territor/  is  a  surpassing  beautiful  specimen  of 
orographical  delineation.  The  literary  portion  of 
this  number  is  varied  and  excellent.  Chapter  I  is 
introductory  and  general ;  chapter  II,  how  mines 
aie  worked,  and  plans  and  sections  are  framed; 
chapter  III,  general  descriptions  of  the  mining 
regions  in  Great  Britain,  of  which  maps  and  plans 
are  given  in  the  volume,  such  as  Cornwall  and 
Devon,  Cardiganshire,  and  the  Isle  of  Man;  chap- 
e  manufacture  of  pig  iron.  The  eng"inl;rr^ ,  ^^?V'  mineral -bearing  regions  of  the  Ameri«in 
aiances  required  for  blast  ftimaces-^uch  as  f'^^'Ti^K  Cardiganshire,  Dolcoath  Mine,  and  Bo- 
blowinglngines,  calcining  stoves,  &c.-  hj"^.^j?''»«-  There  are  86  quarto  pages  of  literary 
ext  in  review,  all  the  newelt  arran^ments  "^"f"^"^"^^  ^"«T*  *^^T  ^"^  *^®  unportairt 
ally  described.  A  considerable  spa^i^is  de-  '"?i^^  **^^«  '^'^'  ^^^  ?^~°8^y  recommend 
to  cupolas,  foundry  cranes,  and  foundry  '  ^^^^  ^"l^  P?"^^  «°^  *°!f»J°8  *^^ 
D  geniral;  the  Phoenix  Fouidry,  Glasgow,  I  <>therwise,  but  the  whole  public  to  make  the  oppor- 
,  (Snesby  Foundry,  MiddlesborJiigh,  teing  I  7**7  *^»'1*^^«  ""^  procuring  what  we  do  not  hesi- 
lly  notic^.  The  production  of  Kssemef  j  ^^  to  pronounce  one  of  the  most  interestmg  works 
Ikes  up  a  great  jirt  of  the  work.  Very  K»^*^"  ^  ^®  P"^'^  ^  °«^  years.- if mtiif 
te  deUils  are  given  of  the  plant  required  in  |  "'<«'^^*- 

l(  on  the  Bessemer  process.  Descriptions  of ,  pTCLOPJtpio  Scixifcs  Sikbupibd.  By  J.  H. 
slops  Steel  Works,  Shefiield,  of  the  Barrow,  \J  Pepper,  Professor  of  Chemistry,  F.  C.  S.,  A.  I. 
I,  Don,  Gorton,  Mersey,  and  other  steel  0.  £.,  &c.  London:  F.  l^arne  &  Co.,  Bedford 
appear  with  elaborate  illustrations  of  the '  street,  Convent  Garden.  New  York :  Scribner, 
'  "^  ■  Walford  &  Co.,  1869, 

Professor  Pepper  is  already  known  as  a  writer 
upon  natural  philosophy,  but  his  earlier  works  were 
\nritten  for  the  youthfVil  student.  The  volume  now 
^jefore  us  is  an  advaqce  upon  those,  and  conveys 
ticientific  information  to  such  readers  as  may  have 
neither  the  tune  nor  the  inclination  to  study  the 
more  recondite  authors  in  such  %  form  as  is  at  once 
Instructive  and  intere^tiufj.    In  fact|  our  aatl|or 


nproved  arrangement  of  Bessemer  plant 
•mens-Martin  process,  now  being  successful- 
laced  in  this  country,  is  noticed ;  also  half 
1  other  processes  for  the  manufacture  of 
The  important  regenerative  furnaces  of  Mr. 
s,  whidi  are  calculated  to  effect  a  great 
y  in  the  amount  of  fuel  required  in  heating 
siting  fhmaoes,  are  naturally  described  in 
iQr9  particularly  as  applied  in  several  places 
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tmiiflporta  himself,  with  all  his  happy  ideas  and 
illustrations,  from  llic  lecture  theatre  to  a  volume 
containini?  nearly  TCM)  pages  of  letterj>reas,  int^r- 
BperskMl  with  about  PifK)  engravings.  The  subjecti 
treated  (»f  embrac*.^  light,  heat,  eU»ctricity»  magnet- 
ism, pneuuiatics,  acoustics,  and  chemistry,  which 
»re  coriuidered  in  all  their  varied  branches,  thoir 
practical  opplicatious  being  illustrated.  The  vnri- 
ou»  natural  phenomena  are  explained  with  brevity 


Tui 


*nd  simplicity,  and  illustrations  are  given,  by  j  select  what  is  app 
means  of  which  the  general  reader  iii  at  ouce  made  ^  *  "" 
familiar  with  fact^  and  principles,  which  otherwise 
would  be  but  **  dark  sayings ''  to  him.  The  author 
iutroduc^B  here  and  there  pi>rtion»  of  papers,  by 
our  veterans  of  science  upon  the  snhjecls  of  which 
he  treats.  Thus,  among  others,  we  find  the  names  ' 
of  Faraday,  Daniell,  Wheatstone,  Brew.siter,  Tyu- 
dall,  Crookes,  Siemens,  Noad,  S  pillar,  Stc,  whose 
writings  are  judiciou-sly  quoted  in  their  own  words, 
and  are  not  hashed  into  a  jumble  by  the  pvn  of  a 
plagiarist.  In  this  work  the  reader  will  find  re- 
produced many  of  those  interesting  experrmeots 
illustrative  of  the  peculiur  properties  of  light,  heat, 
and  sound,  with  which  Professor  Pepper  has  been 
wont  to  entertain  them.  In  shorty  as  a  first  pro- 
greiisive  book  in  natural  philosophy,  and  as  one 
eminently  calculated  to  stimulate  the  reader  to  a 
deeper  re.searcb  into  .scientific  truths,  we  know  of 
tione  which  commends  itself  i>o  well  as  Professor 
Pepper's  **  Cyclopaedic  Science  Simplified.**  It  is, 
moreover,  a  handsomely  got -up  volume,  and  does 
credit  to  the  publishers,  who  have  made  the  out- 
aide  of  the  work  as  attractive  as  the  Professor  has 
made  the  inside. — Mechanic*^  Magazine. 


to  many,  appcam   !i»ctHa1>I7  oonAKled 
design  of  a  sucoeafkil  motloii  ii  tibti  tte% 

moved. 

The  work  is  plentiful!:-  vritfc  lodi 

as  are  required  in  the  oi-  V^tfvj 

ge^ir,  the  effort  of  the  .1  '. 

lejfseu  the  labor  of  the  r. 
him  all  the  preliminary  uins 
which  arise  iu  such  work,  ' 


<  tical  1 


LiHK  ARD  Valve  Morioits,     By  Wu.  S,  AucniH- 
CL08S»    New  York,  23  Murray  street.    D.  Van 
Nofttrand.     [Second  notice.] 

There  are  few  dratjghtsmen  who  are  witling  to 
bestow  much  time  on  the  perusal  of  books  on  valve 
motions,  or  to  give  attention  to  rules  for  their 
design.  The  feeling  is  well  nigh  universal  that  the 
proportions  of  the  piirts  can  be  determined  with 
greater  confidence  on  the  part  of  the  designer  and 
with  at  least  equal  ^\eed  by  the  usual  process  of 
laying  out  the  uuttion  on  the  drawing  board,  as  by 
n'ference  to  any  rules  intended  to  supersede  this 
lalx»r.  The  work  before  us,  so  fur  as  it  relates  to 
simple  eccentric  valve  motions,  dilfers  from  the 
ordinary  run  of  works  of  this  class  iu  that  it  df3^s 
not  propose  a  series  of  rules  liable  to  be  Hjrgotteu 
or  misuTiderstood,  but  Nimply  shows  how  the  labor 
tisually  ex]>endcd  iu  laying  down  a  proposed  motion 
may  be  dispensed  with  and  the  results  arrived  at  in 
the  absence  of  all  drawing  tools.  This  is  done  by 
simple  metisurement  on  an  engraved  diagiram  which 
the  author  has  contitructed,  and  which,  from  it^ 
simplicity  and  convenience,  excites  wonder  that  it 
has  not  been  used  before.  By  means  of  this  the 
designer  can,  in  less  than  a  single  minute,  tell  what 
proportions  of  valve  and  position  of  eccentric  must 
be  employed  to  give  a  desired  point  of  cut  oft'  with 
any  leir^h  of  connecting  rod ;  or  can  in  like  manner 
determine  any  of  the  features  of  the  valve  motion 
when  the  necessary  data  are  given  without  recourse 
to  any  geometric4il  c<.>n8truction  or  the  study  of  any 
rules.  In  laying  out  the  link  motion  the  conditions 
are  more  complex,  and  here  it  is  necessary  to  resort 
to  gwmetrical  conalruction,  but  the  author  shows 
the  etfect  of  the  different  raodiflcations  that  may  be 


BtxnfJ 
-•  (lal 

3d. 


hand.      We  feel  si 
will  be  struck  at  or 

E    Smok£    Nuisajcce    axd 

MHANS    OP  WaTV"     with    Mi 

FuBL.     By  C.  J.  } 
ley  &  Co.,  Great  i. 
London.  W.  C.     For  *M*le  by 

Mr.  Rich&rdjon's  plan  for  r 
nuisance  is  by  washing  i  < 
He  gives  it  iu  det^iil,  v 
marks  that  thongh  it   < 
disturb  the  wboJe  of  tht 
worst  of  them  might  U 
chief  kitchen   flue*  oi 
which  are  continually  a<:  1 
it  were  possible,  ae  he  obsei  vo,  u^  cut  iato 
chimneys  of  Loudon  and  apply  the 
whole  of  the  soot  which  at 
the  utmosphere  might   be  cau^t 
the  drains:  it  woul<l  ii»*  r..  .i,  ...i-.^fj^^ 
sewage  would  be  n  :  valoalilr'  m  ^j^ 

nure,  and  be  largii^  :  umatin,  TVk 

would  certAinly  be  the  bo^t  mudc  %4^  reSBptfjrlifBi 
only  the  smoke  nuiiumce,  Uut  th^  «i^^v«fi  vafliK 
tions  also,  because  so  long  as  il 
with  these,  the  smoke  is  at  le 

a  deodorizer  of  tlicTt^    ^ 

lungs  in  iiBclf,  or  u 
ings.     In  the  pampiu 
son  gives  the  results  of   t, 
with  liquid  ftiel.     The   ^ 
for  bulky  coal  in  steamer?.  \^ 
improvement,  both  in  oor  mer 
shipping.     Mr.  Richardw>ri  Hny^i  tfwit 
having  water  spaot^   Iteluw  gr^tc  can  he 
burn  oil,  so  as  to  obta.tu  a  reesult  from  2^  toS 
above  that  given  by  the  best  &mli  6  timM, 
bly,  of  that  given  by  commou  omi  :  m>  ill 
will  be  required,  only  some  addiiioial 
lieu  of  fire-biirs.'* — Bviider. 

ANDBooK  OP  Iiiox  Sirtr»m*ii«^ 
iioMAs  Smitb,  M.  I.  N.  A.  Loiidoa 
N .  Spon.  For  sale  by  D.  Vao  NtJOtraDd.  ITe*  TA 
We  have  here  a  handy  littli*  manual  eooMif 
of  but  sixty -two  t»ct«vo  pages,  yet  oantaloDlaf  nil^ 
in  that  Hpice  a  grt^ater  (tmo\int  of  oarftal  prvttail 
information  than  is  to  be  found  in  ntuiTiPBriEi Im 
or  fix  times  its  iRii^e.  Mr  Sitiiib  atatct  b  blipi^ 
ace  that  his  bo4»k  is  in(efid<  <1  to  wrvt*  us  a  TKn^UHl 
guide  to  sb i i>owneni ,  »h  I  j  -  N f- 

masters,   foremen,   and   <  ,1^; 

and  it  appears  t4)  as  that  il  U  wvli  luicaklal  » 
fulfill  its  end.  It  contains  no  elaborncr  tbrarallfll 
disquisitions,  and,  (u  fact  docs  not  deal  wtclk  th«f7 
at  all;  but  contains  nbundAnt  praclicvl  IlifWirii*' 
as  to  the  point.«  to  which  atii^tioii  ahonU  Ml 
in  constructing  an  iron  vessel.  Tbabookiai 
Into  two  partx,  i»f  which  the  CbH  ^?ot>|^^f^f  of 
cal  instructions,  while  the  seeocMS  eoCKafiiti' 


'tftctaoiM** 


TITS   Ha 
Thom. 


made  so  clearly  tlmt  much  of  the  dlMculty  which,  [  of  usqM  information,  such  a»  Cl«  W^glli  tTM* 
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if^e  iron,  plates  and  rivets,  copper  bolts, 
weight  Slid  strength  of  canvas,  the  allow- 
waste  in  converting  timber  for  shipbuild- 
oses,  and  a  large  collection  of  detailed 
t  and  other  labor  prices. 
lM>r  prices  form  an  important  feature  in  the 
ey  include  the  standard  wages  of  the  vari- 
es of  mechanics  employed  in  a  shipjrard  on 
nes,  Mersey,  Wear  and  Tyne,  luid  the 
nd,  as  we  have  said,  an  extensive  collec- 
Jie  various  piecework  prices  paid  in  the 
districts.  To  these  are  added  detailed 
the  actual  costs  for  labor  and  materials  of 
on  steamers  and  sailing  vessels  of  various 
classes. — Engineering. 

ov's  Cyclop JiDiA  or  Drawing.  Designed 
Text-Book  for  the  Mechanic,  Architect, 
,  and  Surveyor.  Part  I.  Edited  by  W. 
HEN,  New  York.  D.  Appleton  &  Co.,  90, 
k  Grrand  Street. 

stem  of  publishing  valuable  books  in  parts 
iption  has  long  found  favor  with  mechan- 
thers,  and  very  properly  so.  The  present 
ken  completed,  in  thirty  parts,  at  thirty 
ii,  will  cost,  including  binding,  not  less 
50  to  $12.00,  a  sum  which  few  mechanics, 
r  apprentices,  would  care  to  invest  in  a 
rk.  But  by  taking  it  in  parts  at  thirty 
Jiy  a  quarter  will  be  saved  which  would 
>  be  spent  for  cigars  or  lager,  while  the 
us  invested  will  bring  in  better  returns 
were  placed  at  compound  interest.  More- 
i  part  may  thus  be  studied  carefully  as  it 
d,  and  the  money  need  not  be  invested  in 
of  the  book  until  that  part  is  wanted.  Of 
tese  remarks  apply  chiefly  to  our  young 
rather  boys  who  are  endeavoring  to  fit 
»  for  a  future  career  of  usefulness, 
character  of  the  work  it  is  hardly  neces- 
peak.  We  were  familiar  with  the  first 
od  held  it  in  very  high  esteem,  and  we 
joubt  that  the  author  has  introduced  into 
Bdition  those  improvements  which  a  riper 
experience  and  the  general  advancement  of 
kve  brought  to  his  notice. — Manufacturer 
ler» 

LHD  Nature,  Attraction  and  Repul- 
THE  Radical  Principles  or  Enerqt, 
[>  IN  tbbir  Relations  to  Physical  and 
ooical  Developments.  By  Charles 
:k  Winslow,  M.  D.  Philadelphia :  J.  B. 
t  &  Co. 

re  endeavored,  before  expressing  our  views 
,  to  this  book,  to  read  it  in  a  perfectly 
irit  of  inquiry.    We  confess  that  we  found 

0  maintain  that  spirit  to  the  end.  Its 
t  times  forcible,  and  its  author  has  evi- 
igfat  more  than  a  mere  glimpse  of  certain 
tal  truths;  but  while  saying  this  much, 
tnpelled  to  add  that  it  is  one  of  the  most 
)ooks  we  ever  attempted  to  peruse.  It  is 
ntastic  speculations,  and  contains  not  a 

1  in  its  statements  of  facts.  It  is  weari- 
m  its  interminable  repetitions  and  its 
ithod  of  discussion  will  hardly  fail  to  draw 
he  severe  criticism  of  thinking  readers, 
it  is  to  philosophy  what  punch  is  to  the 
ill  of  incongruities  ;  and,  although  too 
ated  by  redundant  forms  of  expression, 
s    palatable,    but   not   very    nutritious. 


Claiming  at  the  outset  to  assume  nothing,  it  ends 
by  assuming  everything.  Written  to  enunciate 
what  is  evidently  a  pet  theory  of  the  author, 
namely,  that  repulsion  is  equal  in  quantity  to 
attraction,  and  that  the  two  are  co-existent,  and  the 
foundation  of  all  material  existence,  it  will  convince 
few  ;  while  its  speculations  will,  if  we  mistake  not, 
draw  upon  its  author  a  storm  of  adverse  criticism. — 
Scientific  jimerican, 

IRON :  Its  History,  Properties  and  Proosssss 
or  Manupacture.  By  William  Fairbairn, 
C.  £.,  F.  R.  S.,  &c.  &c.  Third  edition,  revised 
and  enlarged.  Edinburgh:  Adam  and  Charles 
Black,  1869.  For  sale  by  D.  Van  Nostrand,  N.  Y. 
When  Mr.  Fairbairn  gave  the  pofession  a  second 
edition  of  his  treatise  on  iron  and  steel  manufacture, 
he  predicted  that  great  changes  would,  at  no  great 
distance  of  time,  occur  in  that  department  of  in- 
dustrial art,  and  which  would  result  in  the  produc- 
tion of  a  superior  article.  These  changes  have,  to 
a  great  extent,  occurred,  and  have  necessitated 
another  edition  of  Mr.  Fairbaim's  most  useful  work, 
which  now  lies  before  us.  The  verification  of  this 
prediction  has  been  chiefly  accomplished  by  the  ex- 
tension of  the  Bessemer  process,  and  the  gradual 
introduction  of  the  homogeneous  system  into  the 
manufacture  of  metals.  Mr.  Fairbairn  describes  all 
the  new  improvements,  including  the  Heaton  pro- 
cess, which,  by  the  introduction  of  the  crude  nitrate 
of  soda,  results  in  the  production  of  ''steel  iron'' 
from  any  kind  of  pig  iron.  This  method  of  manu- 
facture is  described  in  a  chapter  which  embodies 
the  improvements  in  the  manufacture  of  iron  and 
steel  fVom  1864  down  to  the  present  time.  The 
work  is  fuUy  illustrated,  and  contains  some  valuable 
information  upon  the  properties  of  the  materials  of 
which  it  treats. — Mechanic*i  Magazine. 

EXAMPLES  or  Modern  Steam,  Air  and  Gas 
Engines.  By  John  Bourne,  C.  £.  London: 
Longmans,  Green,  Reader  and  Dyer,  Paternoster- 
row.    For  sale  by  D.  Van  Nostrand. 

We  have  now  got  half  way  through  Mr.  Bourne's 
work  on  modem  engines.  Parts  XI  and  XII  being 
now  to  hand.  In  these,  as  in  those  which  have  pre- 
ceded them,  there  is  no  lack  of  interest.  After 
pointing  out  the  probable  course  of  improvement  in 
locomotives,  the  author  gives  a  condensed  account 
or  recapitulation  of  the  principal  classes  of  improve- 
ments in  the  steam  engine,  which  have  been  pro- 
pounded at  various  times  in  its  history.  These  are 
arranged  chronologically,  dates  and  the  numbers  of 
patents — where  patents  have  been  obtained — being 
given.  Thus,  independently  of  the  practical  obser- 
vations of  the  author,  we  have  a  very  complete  index 
of  the  subject,  which,  of  itself,  will  prove  of  great 
value  to  many  designers  and  improvers  of  steam 
engines.  A  large  folding  plate  of  Captain  Ericsson's 
original  **  Monitor,"  showing  the  screw  and  turret 
machinery,  accompanies  Part  XI,  whilst  Part  XII 
has  two  plates,  giving  the  details  of  surface-con- 
densing engines,  by  Messis.  Richardson. — Mechan' 
ic*i  Magazine. 

THE  Industries  or  Scotland.    By  David  Brim- 
NER.    Edinburgh:  Adam  and  Charles  Black, 
1869. 

During  the  last  year,  a  series  of  very  interesting 
articles  upon  the  industries  of  Scotland  appeared  in 
the  weekly  issue  of  the  '^  Scotsman."  These  arti- 
cles were  fair  and  accurate  accounts  of  the  varioqi 


T62 


VAN  NOSTRAND»S  ENGINEERING  ilAGAZlKB. 


bmnctieg  of  trade ^  ftiid  we  are  now  glad  to  see  Ihcm 
collected  together  aod  reproduced  in  a  more  perma- 
nent form  The  volume  in  question  la  &  hittory  of 
the  ri»e,  progress,  and  prettent  condition  of  the  Scot- 
tish industriea,  eflt»eciftUy  of  those  which,  by  their 
extent  or  peculiantyt  merit  notice.  Mr,  Bremner 
judiciously  confinesi  himself  to  a  plain  narrative  of 
fuels,  which  have  been  carefully  selected^  and  are 
intempersed  with  here  and  there  a  few  ^neral 
redections.  Iron  works,  coal  mines,  shipbuilding 
establishments,  railway  works,  linen  and  cotton 
workitj,  d»bertes,  fitc,  present  themselves  in  turn. — 
Michanic^t  Magazine, 

ATeeatisk  on  tub  Tkkth  of  Wheels;  demon- 
strating the  best  forms  which  can  be  given  to 
them  for  purposes  of  Machinery,  such  aji  Mill-work 
and  Clock-work;  translated  from  the  French  ofM. 
Camps,  by  John  Isaac  Hawkins.  Third  edition. 
Philadelphia:  Henry  Carey  Baird,  406  Walnut 
street  -     Price  $8> 

The  **  rule  of  thumb  '*  has  always  very  extensive- 
ly governed  the  const rnctiou  of  toothed  gearing , 
and  the  consequence  is  that  perfect  gearing  is  very 
rare  in  machinery.  It  is  astonishing  when  we  con- 
sider the  immense  Having  in  friction,  wejir  and  cokI 
of  repairs,  and  the  greater  regularity  of  operation 
obtained  by  the  use  of  gears  with  properly  con- 
structed teeth^  that  more  attention  has  not  been 
pHid  to  the  subject.  Thin  little  book  explains,  in 
such  manner  as  to  be  intelligible  to  those  who  are 
in  the  lea.<!t  acquainted  with  mathematical  science, 
the  pro|ier  form  of  the  teeth  of  wheels,  and  the  art 
of  Auding  the  number  of  teeth  which  ought  to  be 
given  to  wheels  and  pinious.  It  goes  very  fully 
into  the  subject,  and  is  illustrated  by  eighteen 
plates  of  diagrams. — American  ^irtizan* 

REPORT  or  A  Special  ConifirTKE  on  tbe  Merits 
OP  a  Proposed  Method  or  Supply ino  Pcre 
Air  to  Schools^  Chdrcuks^  Hospitals,  Astlums, 
Dwellings,  and  all  Occupied  Houses  ;  also 
RAtLROAD  Cars  and  Passenger  Vessels.  Pre- 
sented ai  the  Regular  Meeting  of  the  Kew  York 
Assuciatlou  for  the  Advancement  of  Science  and 
Art,  at  Cooper  Im»tiLuto,  tmd  unanimously  adapted, 
March  8tb,  1869. 

The  pamplilet  of  which  we  have  just  given  the 
title  is  a  singular  document— «mgular  for  its  gram- 
mar, and  perhaps  still  more  singular  from  its  strange 
mis-st^temeuts  of  scteutiSc  fiicts. 

The  **  Manufacturer  and  Builder ''  thus  com* 
roeaoea  a  criticism  of  some  length,  and  we  think  it 
makes  out  a  rather  embarrassing  citse  for  the  unaoi- 
mons  New  York  Association  for  the  Advancement 
of  Science  and  Art. 

GKHERAL  PftOBLEMS  1)1  TBC  LlHBAR  PRBSPlCmrB 
or  FoRif,  Shadow  AND  Rrplkction  :   or  the 

SCENOGRAPUIC  PROJECTIONS  Or  DfiaORlPTIVJE  GE- 
OMETRY. By  S.  Edwabd  WARREit,  C.  E.,  Pro- 
fessor of  Descriptive  Geometry*  etc.,  in  Reusaelaer 
Polytechnic  Institnie.  New  York  :  John  Wiley  & 
Son,  2  Clinton  Hall,  Astor  Place, 

ProfesHfir  Warren  is  widely  and  favorably  known 
as  the  author  of  .s<?veral  valunblc  works  on  drawing. 
The  present  volume  ample  sustains  his  previous 
reputation  and  nmst  prove  not  only  a  most  eflicient 
text-book  in  our  indnstrial  schools,  but  a  valuable 
aid  to  architects,  engineers^  and  all  who  have  occa- 
sion tonuike  aceiinite  drawings.— Jfani/ac/nrfranrf 
BuiliUr. 


TSE  Millers',  MiLLwuuiiifV   a*ii  C« 
Guide.      By    Hk>j  -f. 

Henry  Carey  Batrd^  Pu  >  isdrfphiii  \ 

$a  post-free. 
This  bo4>k  should  tie  Id  tbn  ha^^€imm%% 

The  subject  is  treated  in  r  | 

I  free  from  all  mmecrnary  \ 
taUigible  to  those  of  the 
the  getier&l  infonmiticm  aflbrdod  beli^  i 
uable  to  thoee  who  U«vo  oot  b^d  m  lh*i 
judging  the  best  wrt  of  luilt 
model  attached  to  thie  w«>rk 
the  fUrrows  cattmg  wboai  and  the  apcta&tal 
miUsiooes  is,  of  itself,  wortb  ikm  fcioe  if  I' 
It  is,  perhaps,  as  full  and  c*)m{ilel«  a  m 
ing  as  has  ever  been  pubtisbnt,  and     , 
read    by  all  eoigaged    in    the    bimoaa.- 
Joumal. 

A  Practical  Course        't 
INCLITDISO  THE  PlU  v 

Drawing,     By  Capt,  Ll>i.. 
an  Atlas,  mostly  by  Maj.  Pi 
London:  Atchley  i  Co,     Ih-. 
Nostrand. 

That  this  able  work  has  rf*«chf^  a  i 
is  a  practical  aod  well  t«atia 

favor.    The   author  is 
Military  ColhiT      '   "^  axiU  Mj^K  " 

Professor  of  W  ng  at  the  Bigfill 

tar>'  College,    . — ,  -        This  edtlln 

many  addftional  pUica,  etc.  Th«  pnctieii  | 
the  work  has  not  been  altered,  aiid  ttmtim 
elementary,  though  deemed  sufllcietit  lirii'l 
purposes.  A  brief  sketch  of  the  \  _ 
siiry  for  a  trigonometrical  siimfy  baa  bets  a 
Bmtd^r. 


PitYsicAL  SrainfT  or  TntoiiriA;  brr  G 
tCAL  Pi>sition;  its  Comjikrciaj.  AavAszian 
AjfD  Nat  ion  At  Inportavok.  PrelimiiiafylifBl 
by  M.  l\  Maitrt,  LL,  D.,  etc,  FTogsamaUn^m. 
Virginia  Military  Institute,  Lexiogtoo,  Ta.  StiM 
edition.  New  York:  D.  Van  Kosimad, 
'2S  Murray  street  and  27  Warreo  sUeet. 
This  work)  beaidca  pouitmg  out  the 
which  arise  from  the  geographic-al  positidi  i#  _ 
magnihceDt  State  of  VirgiDiit,  and  wbiob  trt  01^ 
trated  by  large  maps,  Lv»titAfii9  rrry  valttUiiiiAi^ 
mation  as  to  its  cUr  prvdictkMi,  iH 

mineral  resourci^,  y^  1  mwooSa^K^ 

facilities*  and  gives  %iuii^i.»ic  'n i^rstiuet  la  l» bi« 
ita  industry  may  be  nimulateil,  fti  mta^tks  •» 
couraged,  the  material  prosperirf  of  Hi  yasflril* 
vanced  and  ita  general  welfare  pnrmatfd  iftwr 
can  Artisan^ 

TEE  PaERB^  PROXRXADSt,  AM^  OAM^tM  tf 
Paris,  DcscRiacD  axd  Corsi&rxr*  e9  B^ 
LATiON  TO  THE  Wajtts  or  Otfa  oini  Crras  AJ># 
Public  and  Private  <r4tti>>-x«      By  W.  KmO* 

SOX,  F.  L.  S,     London:   .'  .ly. 

This  is  a  comprehensi  ganlvaik,^ 

ftisely  illustrated,  and  <^  uiHh>uU«d  vattie  la  |Mii 
and  private  decorators  of  parka  ai  ' 


Plar  UxQKEmu :  A  Paper  rrah  _ 
AjiERtCAjr  Ixstittti:  o»  tmr  Cav%m  or  FmB 
Maonetlsm,  thr  AmiACTiosr  or  i:  *• 

THR  Polk,  thk  Tariatioxs  or  tmk  »«» 

TBI     PkeKOITSKA    ISfClDRXT    TO    TUS    5Aa.i-     If 

JoKK  A.  pA£it£R.     New  York:  WilfykSoa^ 
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>  LsCTumi  OH  PoLJOi  Maokstism:  Its 
lONOMiCAL  Obiqix  ;  It8  Period  or  Rivo- 

JID  THE  StVODICAL  PeUOD  OF  THE  EaRTH 

%.L.    Read  before  the  Americae  Geo- 
AL  AHD  Statistic Ai*  Society.    By  Johe 
LER.    New  York  :  Wiley  &  Son. 
two  pampbletn,  instead  of  being  a  contri- 

0  the  stock  of  public  knowledge,  are  sim- 
ixhibition  of  the  ignorance  of  the  author 
Dg  a  subject  which  appears  to  have  occupied 
ition  since  he  published  a  book  of  similar 
on  the  quadrature  of  the  circle,  some 
years  ago.    This  says  the  reviewer,  in  the 

can  Joimial  of  Mining,*'  and  he  certainly 
ut  his  case,  in  an  article  of  some  length  and 
leal  of  breadth. 

BsouRCEs  or  Missouri,  and  the  Natural 
lftation  of  St.  Louis  to  Iron  Manu- 
ju.  By  Sylvester  Waterhouse,  of 
fton  University. 

Munphlet,  which  was  published  originally  in 
.a  recently  been  enlarged  by  an  appendix 
daptation  of  St.  Louis  to  iron  manufactures, 
ins  much  that  is  interesting.  The  experi- 
manufacturing  iron  at  Garondelet  afibrds 
i  for  Professor  Waterhouse's  conclusions, 
rst  place,  the  quality  of  the  pig  iron  made 
proDouiK^  good  by  a  number  of  presidents 
•nies  engaged  in  manufacturing  articles  of 
e.  As  to  the  cost  of  manufacturing,  the 
t  goes  into  elaborate  statistics  and  inakes 
odcase. 

's  Watch-repairer's  Hand-book  ;  being 
OMPLETE  Guide  to  the  Touno  Beginner 
NG  Apart,  Putting  Together,  and  Thor- 
Cleaning  the  English  Lever  and  other 

1  Watches,  and  all  American  Watches. 
Lemlo,  Practical  Watchmaker;  with  Illus- 

Boston :  A.  Williams  &  Co.,  100  Wash- 
treet. 

ittle  book  should  be  owned  and  studied  by 
mng.  watchmaker  and  watch-repairer  ;  and 
value  to  every  owner  of  a  watch,  teaching 
r  to  take  care  of  his  bosom  friend. — jimeri' 
izan. 

tiich  we  may  add  thai  the  little  work  is 
f  got  up  and  illustrated,  being,  in  fact,  an 
:  as  well  as  a  text  book. 

I  Measure  and  English  Equivalents. — 
roBN  Brook.  Sheffield. 
eries  of  compact  tables  the  English  values 
;h  measure  are  arranged  fVom  one  to  a  thou- 
llimeters,  and  fh>m  one  to  a  hundred  meters ; 
,ions  of  an  inch  progressing  in  sixteenths  are 
iced  to  French  values.  The  little  book  will 
I  useful  to  almost  every  engineer. 

^  Railways,  and  Canals  for  India.  By 
.»oiN,  Esq.,  C.  £.,  &c.  London :  £.  &  F. 
I. 

J  a  double  pamphlet,  Aill  of  facts,  calcula- 
od  suggestions  on  this  important  matter, 
no  doubt  prove  of  value  to  all  immediate- 
fsted  in  the  development  of  the  economic 
t  of  India  if  not  of  America. 

■  Rainfall,  1868 :  Ok  the  Distribution 
Iain  over  the  British  Islzs  during  the 
)68;  with  Remarks  and  Illustratioks. 


Compiled  by  G.  J.  Stmovs,  F.  M.  S.    London : 
Stanhope,  1869.    For  sale  l^  Van  Nostrand,  New' 
York. 


MISCELLANEOUS. 

Heat  Necessary  to  Ignite  Vapors. — W,  R. 
Button,  of  Glasgow,  has  recently  determined 
the  degree  of  heat  at  which  the  vapors  of  a  number 
of  liquids  catch  fire  fh>m  a  burning  candle,  when  H 
approached  to  the  surface  of  the  fluid  at  a  distance 
of  1 .6in.  or  0.6in.  The  results  of  these  expeiimenta 
are  recorded  in  the  subjoined  table : 


Riilpliurk  ciher , « 

Hmui  piiiflK  oi  earboo, ,,.,«,«.  ^ 
J^etroleuiu  benzine.  .,„.,,♦.». 
UcEi&^k  ijToin^oal  toTf  IKl  percEn 
Croiie  parai&n  oil...  „,.„„. . 

tirutle  na|]i>ah».. ,,.,,**,, 

Whn^ky  ... , ,„„, 

Wo4j>4  Tin^IiiA. , . , . .  i .  i . .  *  t  •«  * 
Cruije  paraffin  oij. ♦,,,.,,,♦,.. 
Crud^  iiaptiUia, ..,.  ,.,.>.^.. .. 
Dutch  gin.. ...,.« i. ....,,..»* i ,. 

Wood  »pirjt ...,,«.».«,». 

lllumuuiirig'  naphlba 

W'mc  ipiriL. « ^  -..«.. , , . .  < 

Wliuky ,  13  overpiToof 

W  hi»ky ,  1 1  D wrprcHif .  ,.,»..»- 
Keroaene ...,,..«,«,,.,,..«, «« 
Li^hi  oi\  from  &»d !»/«.,.,.., 
SpiriL  irocn  rtiHii. ............ . 

^rurpcElTilM  ,H...  *.  .1  ....  «i^«..4  I 

8liefry  wsDe. «..,«....,*,,•,., 

Pori  wiije  »* »., ,,, . 

Refill*^  pora^n  oil « « « 

Rrti[ied  poradiu  oil. , ,. . 

FitftcLoil..^ **».«*..!.,, 

Oil  froiD  retij)^^ , ..,..,.«,,,,,. 
Heavy  t&r  oiX*. 


DiiM.  DV  Fan. 


wdflii. 


70ft 
^1 
MB 

ma 

MO 
b&t 
990 

801 

Baa 

fc75 
1.003 

9m 

U87 
S50 


U 


da  «3 
do  S3 
tfo  7i 
dn       74 

do       78 

do  .„. 
do       87.8 
do      m 

do  90 

do  , . . . 
do       m.9 

do  100 

do  101 

do  100 

do  110 


110 

m 

130 


do 
do 
do 
do 
do 
Au 
do     IM 
do     131^.9 
do     140 
Almvoeit 
do     tit 


U 


D»jr. 


n 

Ta 

n 

m 

ai 

ei.t 

m 

m 

n 

73 
S3 

110 

iip» 

109,8 
lio 
I3C» 
130 

%m 


s 


s. 


TRBBT  Washing  and  Swecpiito. — ^The  follow- 
-  ^°S  practical  remarks  were  made  by  Mr.  J.  K. 
Fisher  before  a  recent  meeting  of  the  Polytechnic 
Association  of  the  Amei  ican  Institute : 

**  The  superiority  of  washing  streets  may  be  seea 
those  who  observe  the  following  fkcts . — Ist, 
foully  a  third  of  the  dirt  is  left  on  the  pavement  by 
the  machine  and  hand-brooms  in  Broadway.  2d, 
A  strong  shower  washes  the  pavement  clean ,  except- 
ing where  there  are  holes,  in  which  water  remains 
and  sediment  falls.  Sd,  In  wet  weather  the  streets 
are  not  swept,  but  mud  accumulates  for  days  and 
weeks;  and  the  mud  holds  water  like  a  sponge,  and 
keeps  the  streets  wet  for  days  after  the  sidewalks 
would  be  dry,  were  the  mud  not  tracked  upoB 
them.  4th,  The  best  time  to  wash  a  street  is  while 
it  is  wet;  the  washing  engine  would  then  use  less 
water.  5th,  As  soon  as  rain  is  over,  the  washing 
engines  would  do  their  work,  and  blow  the  dirty 
water  out  of  the  holes,  and  leave  the  pavement 
nearly  dry,  so  that  in  half  an  hour  it  would  be 
completely  dry;  thus  saving  the  muddiness,  which 
now  lasts  Arom  two  to  six  days  before  the  contractor 
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sweeps.    6ih^  The  coat  of  washing  by  hoae-jet  In  and  oomput4»  the  time»iiiili9i,Miiiilat|». 
Sheffield  was  le«»  than  half  the  cost  of  sweeping'  Dt^wspuper  offlooif  one  hopfpeot  to  benidiif  &| 

proper  washing  fuginea  would  further 


withuut  d»t«;    bQl  wh(^  ft  tcibhnkal  w^\ 

muutJily  .  frunj  i  dmiif  \        ^ 

truil  that  rv%tcrdAj,"  ur  Cb  i 

timt  was  i.M,. ...... i   -u       ihorsdiij/- Uliii" 

of  thti  cfjckaey-daitj  stylo  beoonuii  ' 
well  M  emb&mu&ingr 

SuftJicTi  OF  BnirtsK  Lrrrrmt  'PxTkvtwm 
Mr.  George  Shaw  h*^  jj  & 

analytical  list  of  letters  put  .  iit  itxat 

and  provisional  protect i.ms  aj^pn.  a  (or^r:^ 
year  18G8.    From  this  ftuuuiiaiy  of  inrtwiTredn 
we  subjoin  an  iiKll«-5iM*»n  .Kt  «>>"  T.r,.rT,^*     . 
ID  materials  aij.I 

trades.    In  all,  , .  - 

this  large  number  II  ielat«id  lo  ioipfut 
inrentiona  connected  with  WHien,  dn^ 
pools  J  18  with  making  and  *wv«ptDg  to&6»\ 
pertained  to  wb^ls  for  railway  •id  olhtr 

4  to  docks,  breakwaters,  atid  mibciKTgc4 
to  Aimicei  and  conanroing  fViel;  IH  lo 
locomoUvea  and  railway  Garria^eai  1^  to 
engines  and  steam  boilers;  SS  to  artiflcM 
matches  and  splints;  6  to  baiha;  I  Iv  hA 
bel  Changing ;  2  to  ca»tori  for  fkcrtkititrv  |  tS  I 
to  latches,  hiogea  and  springs  ftit  dooni  6li 
era,  tire-iron  and  flre-guards;  80  to  ailla.  I 
screw-nuts,  and  riirets  and  machiodrj  (br 
tariDg  the  same;  21  related  to  the 
ing,  planing,  boring,  etc,,  alone  sod  Otm 
sawing,  planing  and  mrnliic  nutaU.  mwd,m.% 
to  telegraphs,  signals  an  itmanhcatiiB  fl 
railway  trains;  4  to  surv  ^m«*nla;  lift 
drawing,  painting,  and  exbi hi  1  ^tn 
tographaj  31  to  windows,  8a>  fi, 
and  fencing;  8  to  tioors  and  fliR»ri£]g  m^bciiistlf; 
i*}  tunnols,  bridges,  arches  and  portabia  mi  ilkv 
bujldings;  21  to  lime,  brick,  and  oCtier  ktoiil 
coke  oTons;  10  to  artificial  atoae,  piMter  mi 
cements;  30  to  bricks^  tiles  and  cUy-plpa(  IIH 
ghuu  manufacture;  19  to  blinda,  enruiw  ai 
shades;  43  to  stoves,  gratoa,  Hre-pljeoi,  kkfiit 
ranges  and  culinary  apparatus ;  80  to  w«rmii|«i 
ventilating  buildings;  11  to  gas-btinsen;  OtaiM 
and  water  meters  arj<l  -,-".,1...^. .  f^  to 
and  ytdves;  81  c<n 
steam,  water  and  g^v- 
related  to  wator-cloaei*  and  ur 
tic  machinery  for  raising  Ami    ,             .  ig 

5  treated  of  the  preaervatloo  aud  prt^jarrtirti  tf 
timber ;  and  2  apportioned  to  coffios,  IwifMiw  ^ 
preservation   of  the  dead.      SatiaflaelofT  is  tllk 

„        -  , amount  of  activity  thus  iudioatodmajr  bit,  tIappBl 

Square,  the  next;  a  hanging  at  Old  Bailey  in  the  trifling  to  that  fermenting  in  meo'a  btmlv  m  Ik 

morning  and  the  trial  of  a  surface  condenser  at  the  i  other  side  of  the  Atlantic. — Bitildtr, 

Isle  of  Dogs  in  the  afternoon — Woods  is  a  proce- 1 

dent  and  a  pillar  in  the  British  Constitution,  Woods  i  rpnB  GtrtuAL  Fam,— A  large  fan,  CB  li»  C*l 

aays  in  the  *'  Times'^  that  a  thing  happened  *^  on    1   principal  (see  Van  No«trmnd^a  Wtgtff**,  f*  I 

Thursday/'  and  even  Colburn  doeti'nt  quite  like  to!  page  48),  was  recently  st4urted  at  the  B^vfi  Qnm 

add  '•  July  l«t,"  for,  independeut  ai^  he  may  be  ml  Colliery,  and  did  good  work.     It  was  nm  ^pl»# 

his  prcffe^ioiial  convictions  and  expressions,  an  nn-  ]  revolutiona  per  mmote,  and  at  this  "     * 

Woodsy  style  of  reporting  a  fact  would  be  ab  ineat- ,  68,000  cubic  feet  of  air  per  minnte^  widi  a 

cusable  a  violation  of  British  precedent  as  traveling)  gauge  of  8.10  in.    The  qiKtmltv  -f  air 

in  cars  that  were  not  kicked,  or  crossing  the  clian- '  got  by  the  furnace  waa  1 1 

nel  with  the  decency  and  comfort  of  Long  Island]  quantity  produced  by  tb  ,^«|^ft^ 


and  cartage    _     _ 

reduce  the  cost/  The  washing  would   make  lc»s 

dust  than  sweeping. 

**  Considering  tlM3  mud  avoided,  and  the  Utile  if 
any  dust,  the  washing  system  would  give  more  than 
double  cleanliness,  probably  at  half  the  cost  of  the 
present  iuciHcieut  system.  The  washing  eagines 
would  be  efficient  flre  engine»,  and  would  always  t>e 
ready  to  leave  ilieir  street  work  instantly  when  fires 
occur;  their  cost  would  therefore  be  little  beyond 
what  is  now  incurred  lor  engines  and  men,  who  do 
but  few  hours'  work  in  a  year. 

"  Flouting  flrc'eugine^  could  dredge  the  docks 
by  Jet,  wbile  the  tide  runi»  outward,  and  thus  clear 
the  docks  from  the  sti-eet  dirt,  and  at  the  same 
time  serve  as  Are  engines  better  than  if  kept  inac 
tive,  without  steam  up  and  their  tires  strong. 

'*  Some  of  our  sewer  engineers  say  that  the  sewer 
gullies  are  not  made  to  pusi*  street  dirt,  hut  t^t  catch 
iti  and  that,  therefore ,  alterations  would  be  required 
to  make  this  proposed  system  practicable.  Others 
aay  that  much  of  the  street  dirt  does  go  through 
the  «ewers.  1  am  con\iuced^  by  evidence  published 
in  England,  that  the  system  is  practicable  with  the 
present  gullies,  and  that  the  gully  traps  are  needed 
to  catch  tbe  gravel  that  Is  often  found  in  streeta, 
and  that  might  do  harm  in  the  aewcrs.  Mr.  Mc- 
Elroy'a  paper  is  good  professional  evidence  against 
the  hasty  surmiseB  of  engineers  who  have  not 
studied  the  subject.'^ 

DATBS — ^AmeNOMEKT  IK  THE  BRITISH  COKBTITU- 
TioN  NEEnen. — According  to  English  news- 
papers, technical,  commercial  and  literary,  no  «vent 
ever  toi>k  place  on  the  20th  of  July,  or  the  1 1th  of 
Decemljer,  or  at  any  other  period  absolutely  detlued 
in  the  statement  of  fact.  **  Messrs,  Samudn  launched 
the  ironclad  Vengeance  on  Thursday;"  "  Mr,  Scott 
Kus,sell  yesterday  lectured  the  Royal  Institution;^' 
*'  the  John  Bull  won  tlie  ocean  nice,  by  arriving  on 
Friday  ;'^  *'  a  total  eclipse  of  the  sun  will  take  place 
on  Wednesday."  In  rare  tnstancea  we  are  favored 
with  a  hint  in  the  shape  of  "  next  *'  or  "  last,'*  but 
not  by  polite  writers.  The  man  who  hopes  to  be  a 
F.  R.  S.  would  utterly  ruin  his  chances  by  wi'itmg 
*'  Wednesday  last;'*  and  there  is  not  an  engineer's 
apprentice  in  Great  George  street  who  dares  write 
"  Thursday  July  1st,"  in  an  artid©  intended  for 
publication. 

Nicholas  Woods,  the  wonderfully  versatile  and 
remarkably  accurate  reporter  for  the"'^  Times,'*  who 
does  with  equal  elegance  an  armor  test  at  Shoebury- 
m9B  one  day  and  a  mjirriage  at  St.  Geor^^s,  Hanover 


3too««l>|lNi 

and  latofer 

the  ^  H 


8ound  navigation. 

Seriously,  this  almost  universal  omission  of  dates 
in  the  English  papers  is  as  nnneoessary  as  it  is  in- 
convenient.   One  has  to  lind  the  date  of  iho  i»aper 


The  fan  has  not  yet  i  Ui  iu  I 

power,  as  it  is  guar  .  ?^er  to  wl  if 

to  aeventy  revolution?^  fKT  raimiKv     Tboi 
Meesrs.  Black,  Hawtliarn  ik.  Co..  oir( 
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PAH  Bridobs. — Prof.  De  Yolson  Wood  has  furnished  the  following  interesting  snmmary  to  the 
imal  of  the  Franklin  Institute :'' 

Tabls  or  Bridges  Haying  Loko  Spans. — TnUMtd  Bridgei. 


iAXB  or  BaiBOs. 


Total 
length 
in  feet. 


No.  of 
spans. 


Longest 
span. 


RiMAEXS. 


kusen,  Switzerland  . 
N.J 


a,  Pemi'a. . 
Dyke,  Eng. 


865 
880 

6,280 


2 
6 

29 


[ass 

'r,Eng 

I.  Prussia 

chuylkill 

le  Bridge,  over  Ohio  riyer, 
m,  Giennany, 


260 
606 
8741 


L,  Prussia . 


6,201 
890 


2,8881 


1 
4 
2 
1 
26 
1 


trg,  Holland 

lesigned  by  Glaus  (never 


198 
200 

200 

2401 

260 

806 

821 

8401 

870 

890 


8971 

616 

900 


Weisbach  Mech.  yol.  II,  p.  288. 
Wooden  arch  trussed.  Haupt  on  Bridge 

Construction,  p.  242. 
Burr's ;'  destroyed  during  rebel  inyasion. 

1868.    Mahan,  p.  240. 
Longest  span  of  Warren's  Girder.  Jour. 

Frank.  Inst.,  vol.  26, 8d  series,  p.  156. 
Mahan,  Civ.  £ng.,  p.  288. 
Queen  Past^Theory  of  Bridges— Weak. 
Jour.  Frank.  Inst.,  yol.  89, 8d  ser.  p.  280. 
Mahan,  p.  287. 

Fink's  Truss— Report  of  Gonunittee. 
Erected  in  1778.  Longest  span  of  wooden 

truss  on  record.  Weisbiush  Mech.  vol. 

II,  p.  88. 
Iron  lattice.    Jour.  Frank.  Inst.  vol.  89, 

8d  series,  p.  280. 
Longest  span  trussed  bridge.     Official 

report,  1866. 
Proposed  wooden  structure.  Weis.  Mech. 

vol.  II,  p.  84. 


ISihular  Bridget* 


Sf  AMs  or  Bridge. 

Total 
length 
in  feet. 

No.  of 
spans. 

Longest 
span. 

Remarks. 

Enff 

1 
4 

26 

400 
460 

880 

Giv.  Eng.  Jour.,  1848. 

Tubular  bridges  by  Dempscy.  Traits  de 

la  Gonstruction  des  Fonts  M^talliques, 

pi.  X. 
Hunt^s  Merch.  Mag.,  vol.  XXXI,  p.  504; 

24  spans  are  each  242  feet. 

-"i* • 

ft    Enip ..•••...... 

1,618 
10,284 

,  at  Montreal,  Ganada. . . . 

Arched  Bridgei* 


Name  or  Bridge. 

Total 
length 
in  feet. 

1 

No.  of 
spans. 

Longest 
span. 

Remarks. 

^over  Seine) 

•640 
.  . .  •  • 

784 

6 

1 

6 

...... 

8 

1 

128 
140 

162 
180 
200 
200 
260 
251 

616 

600 

Mahan,  p.  226. 

Failed  by  rising  of  the  crown.    Wood- 

buiy  on  the  arch,  p.  482. 
Woodbury,  p.  482— for  railr'd  purpoiw. 
Jour.  Frank.  Inst.,  vol.  89,  p.  281. 
Mahan,  p.  228. 

Sc.  Am.  1860,  p.  86.  Gast  hron,by  Rennie. 
Smile's  Lives,  Eng.,  vol.  II,  p.  188. 
Longest  stone  arch  cm  record.    Treatise 

on  Bridges,  Weale,  vol.  I,  p.  48. 
Not  yet  built.    The  arch  to  be  of  steel. 

Rep.  by  the  Go.,  1868. 
To  be  made  of  iron.  Weisbach,v.  II,  p.86. 

uth  Wales 

Bridge 

jrr... 

or  Grosnovcr 

Washington  Aqueduct 

urk 

Ldda 

"261 ' 
1,609 

is  Bridge 

d  bridge  over  the  Thames. 
Iford 

•  More  than  940. 
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SuMpemion  BridgeM. 


Namb  or  BaiDOB. 


Total 
length 
in  feet. 


No.  of 
spans. 


Longest 
span. 


Bkmajuu. 


Niagara  Carriage  Bridge 

Cornwall  (proposed  to  be  built 
across  the  Hudson  riyer,  42 
miles  above  N.  Y.  City)..., 


2,409 


1,264 
1,600 


So.  Am.,  vol.  XXj  p.  218.   Th 
is  about  a  mile  below  NUpi 

Jour.  Frank.  Inst.,  vol.  LTII, 


Naxb  of  Bridos. 


When 
buUt. 


Span. 


Remakxs. 


Douro,  at  Oporto 

Menai,  £ng 

St.  John's,  N.  B 

Nashville,  over  Cumberland. 

Pesth,  over  Danube 


l^iagara  Railroad  Bridge. 
Friboorg,  Switierhmd. . . 


Lewiston  (7  miles),  below  Niagara  Falls  . . 
Lexington  and  Danville  Railroad  Bridge.. . 
East  River  Bridge,  N.  T.  City 


1842 
1825 
1852 
1850 

1849 

1854 
1834 

1856 

1856 


558 
580 
622 
656 

670 

822 
870 

1,043 

1,220 

1,600 


Sup.  to  Weale's  Bridges,  p.  1 
Chain  cable.  Maban's  Civ.  Ei 
Sc.  Am.,  June  19th,  1862. 
Destroyeid  by  rebel  Gen.  Fl 

1862.    Sc.  Am.  Mar.  80th 
Total  length,  1250.    Jour.  Fi 

vol.  XVII,  8d  series,  p.  M 
Jour.  Frank,  hust. 
Jour.  Frank.  Inst.,  vol.  XX 

ries,  p.  141. 
Sc.  Am.,  June  1st,  1861.    B 

Feb.  1864. 
Jour.   Frank.  Inst.,  vol.  X 

series,  p.  230. 
Proposed.      Jour.    Frank. 

LXXXIV,  p.  248. 


Root's  Pressure  Blower. — ^This  device  is  now, 
by  general  consent,  here  and  in  England,  one  of 
the  best,  if  not  the  very  best  means  of  blowing 
cupola  furnaces.  A  pair  of  reciprocating  pistons 
afford,  of  course,  a  steady  blast  of  any  desired 
pressure ;  but  they  are  costly  to  construct,  and  the 
piston  packing  and  valves  are  subject  to  wear.  No 
fan  blower  can  be  depended  upon  to  give  the  requi- 
site pressure,  viz :  half  a  pound  to  a  pound  per 
square  inch— sa  preshure  indcspensable  to  continuous 
melting,  as  in  the  Bessemer  manufacture.  Rota- 
tory blowers  with  sliding  pistons  or  rubbing  sur- 
faces of  any  kind,  may  indeed  be  kept  tight  if 
constructed  with  sufficient  cost,  and  carefully 
cleaned  and  lubricated.  The  advantage  of  Root's 
rotatory  blower  is  that  it  has,  strictly  speaking,  no 
rubbing  surfaces.  The  floats,  or  rotatory  pistons, 
are  so  shaped  that  the  projections  of  the  one  exactly 
fit  into  the  hollows  of  the  other,  without  the  need 
of  sliding  vanes.  There  is  of  course  a  very  thm 
space  between  the  floats,  through  which  a  thin  fllm 
of  air  leaks  back,  but  this  loss  is  reduced  to  a  mini- 
mum by  means  of  a  stiff*  paint  or  plaster  of  black 
lead  and  tallow,  which  is  applied  to  the  floats  and 
soon  moulds  itself  to  flll  the  spaces  that  would 
otherwise  promote  excessive  leakage.  But,  as  in  all 
other  machinery  with  which  we  are  acquainted,  the 
best  materials  and  workmanship  pay  best  in  the 
long  run.  The  shrinkage  or  the  loosening  of  the 
wood  forming  the  floats,  by  reason  of  improper 
leasoning  or  fastening,  soon  cause  excessive  fViction 
18  well  as  leakage.  Perfectly  soasoued  wood  floats, 
secured  as  well  as  they  can  be  to  steel  shafts  and 
cut  gearing,  certahily  answer  well;  this  we  know 


from  experience  with  not  less  than  thr 
blowers,  of  the  largest  sizes.  At  the 
we  think  the  extra  cost  of  cast-iron  ik 
or  dressed  by  special  tools  and  gauges  t 
flt,  and  revolved  by  several  sets  of  wid 
gears,  so  as  to  avoid  back  lash  and  wear, 
The  power  wasted  in  driving  a  nois) 
blower,  would  cost  more  than  the  mo 
construction. 

ELASTIC  CoLLODiov  Cemekt. — Ordinal 
is  made  by  dissolving  eight  parts  of 
in  one  hundr^  and  twenty-five  parts  c 
eight  parts  of  alcohol.  When  uiied  as  ; 
varnish  it  becomes  very  hard,  cracks 
peels  off'.  It  may  be  rendered  elastic  I 
tion  of  four  parts  of  Venetian  turpenti 
parts  of  castor-oil.  When  intended  l 
purposes,  as  a  varnish,  which  when  dry  f 
fectly  close-fitting  plaster,  it  has  beeo 
the  addition  of  some  glycerine  to  the  oi 
lodion,  in  which  it  is  dissolved  to  a  ai 
makes  a  varnish  which  adheres  strongly 
does  not  crack,  and,  on  account  of  iu 
does  not  crease  the  skin. 

WiRB-RoPE  Transport. — ^The  practi* 
the  wire-rope  transport  svstem,  i 
Mr.  C.  Hodgson,  C.  E.,  (see  V.'  N's.  II 
p.  384,)  is  now  being  recognlaed  by  tb< 
in  working  mines,  bir  6.  S.  Robinaoi 
an  order  to  the  Wire  Tramway  Compi 
struct  one  of  their  patent  ways,  for  ca 
ore  from  his  quarries  to  the  Craosford  S 
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lAL  Stone. — ^Mr.  Hodgsol,  the  proprietor 
LT  patents  on  artificial  stone,  exhibited  his 
r  mannfactnring  this  stone  at  a  late  meet- 

Pulytechnic  Association  of  the  American 

The  stone  consists  of  sand  cemented 

>y  means  of  oxalate  of  lime .    The  inventor 

or  three  parts  of  sand  to  one  of  lime,  or 
ue  slacked  with  a  solution  of  oxalic  acid, 
rials  are  careftilly  mixed  and  then  pressed 
d,  where  they  quickly  set.  The  articles 
transferred  to  a  bath  containing  a  solution 

acid,  where  in  a  short  time  they  become 
xalic  acid  forms  with  lime  a  compound  of 
»lubility.  Indeed,  the  oxalate  is  the  most 
of  all  the  salts  of  lime.  A  great  deal  has 
about  the  superiority  of  the  cements  made 
:ients.  This  is  due  partly  to  the  influence 
ind  partly  because  the  poor  cements  have 
ed.  When  lime  and  sand  are  left  in  con- 
aany  years  a  chemical  union  takes  place, 
e  silicate  of  lime  is  formed.  Hydraulic 
eqnires  the  presence  of  alumina.  The 
i  cement  contains  carbonate  of  lime  with 
amina  and  magnesia.  The  French,  in 
he  Suez  Canal,  employ  the  mud  of  the 
!  sand  of  the  desert  and  lime,  which  they 
*  in  the  sun  and  use  for  the  construction 
etc.,  without  the  application  of  any  fire, 
e  is  about  equal  in  hardness  to  Cayenne 


^-MAONETIO   ENOIirBS   ON    BOARD    ShIP.— 

ohn  Tawse  writes  to  "  The  Engineer  '*  as 
Some  years  ago,  when  in  India,  I  had  a 
me  of  the  salt  lakes  of  the  Cororoandel 
[  (torn  experiments  I  then  made  I  became 
I  with  the  idea  that  there  is  an  immense 
&1  power  lying  dormant  in  the  simple  and 
thanie  action  of  talt  water  on  the  sheath- 
tMieU.  Electro-magnetism  has  hitherto 
s  motive  power  on  the  score  of  economy 
te  form  of  battery  used  is  too  expensive, 
the  use  of  strong  acids  acting  upon  a  com- 
'  small  surface.  Also  in  this  case  the 
irrent  is  deficient  in  quantity  for  mechan- 
oees.  What  seemed  to  be  wanted  was  a 
)  area  of  metallic  surface,  acted  upon  by 
it  strong  enough  to  evolve  a  powerful  cur- 
not  sufficiently  so  to  wear  or  corrode  the 
A  very  perceptible  degree.  I  have  since 
the  idea  which  this  gave  birth  to  in 
r  our  scientific  journals.  But  as  I  have 
ed  it  out  to  completion,  both  by  calcula- 
xperiment,  I  detail  it  herein  for  the  infor- 
'  your  readers. 

el  to  be  fitted  with  an  electro-magnetic 
ached  to  an  ordinary  shaft,  is  sheathed  on 
with  copper,  and  on  the  other  side  with 
e  sheathing  is  laid  on  over  sheets  of  gutta 
order  to  insulate  it  from  the  woodwork  of 
1.  The  nails  necessary  for  this  purpose 
I  in  such  a  manner  that  they  are  nowhere 
c  contact  with  any  part  of  the  sheathing. 
ectioDS  of  copper  and  zinc  sheathing  thus 
attery,  acted  upon  and  excited  by  salt 
le.  If  any  one  acquainted  with  the  sub- 
Alcnlate  the  result  of  galvanic  action  on 
i  surface  as  the  area  of  immerHion  of  a 
«8el,  they  will  perceive  that  it  is  the  right 
D  of  it  alone  that  is  wanted  to  convert  it 
rerfol  mechanical  force. 


The  vessel  being  so  sheathed,  a  wire  from  each 
section  of  course  conducts  the  current  to  the  electro- 
magnetic enipne.  In  my  first  experiments  I  had  a 
large  magnet  to  work  a  keeper  in  connection  with 
a  crank  in  the  usual  way.  Since  then  I  have 
adopted  a  mode  of  multiplying  the  power  enor- 
mously. Thus  the  wires  are  connected  with  a 
thick,  small-sized  electro-magnet  in  the  first  in- 
stance. In  fVont  of  its  two  poles  an  armature  is 
made  to  rotate  with  great  velocity,  and  the  aug- 
mented current  thus  produced  is  caixied  to  an 
arrangement  of  two  very  large  magnets  working 
reciprocally  in  such  a  way  that  the  keeper,  or  sofi 
iron  beam  between  them,  which  works  the  crank 
axle  of  the  screw,  flows  the  current  into  each  sepa- 
rately at  every  stroke,  charging  it  just  before  the 
moment  of  contact.  As  regards  the  wear  of  the 
plates,  it  would  be  no  greater  than  in  the  case  of 
ordinary  sheathing,  with  this  advantage,  that  no 
sea-weed  or  barnacles  would  adhere  to  sheathing  in 
constant  galvanic  activity ;  ordinary  copper  sheath- 
ing would  be  quite  free  fVom  them  if  the  galvanic 
circle  were  complete.  In  fitting  the  above  engine 
to  a  vessel  the  rotating  armature  working  before 
the  first  magnet  would  have  to  be  driven  by  a  small 
steam  engine. 

ON  TBI  Cost  of  Watkrwhkels  ih  England. 
Mr.  Robert  Sanders  writes  to  the  ^'Mining 
Journal ''  as  follows :  After  fifteen  years'  practical 
experience  in  working  all  kinds  of  mining  machinery 
by  waterwheels,  I  am  prepared  to  assert  that  a  wheel 
10  ft.  in  diameter,  8  ft.  breast,  should  not  cost  about 
10/.;  one  of  24  ft.  diameter,  4  ft.  breast,  120/.;  or 
one  of  40  fl.  diameter,  8  ft.  breast,  220/.  I  will 
quote  one  Instance  just  to  show  something  about  the 
price  of  waterwheels.  At  the  Carmarthen  United 
Lead  Mines,  in  South  Wales,  I  had  two  wheels 
erected,  one  of  84  ft.  diameter,  8  fl.  breast,  with 
cast-iron  axles,  centers  and  shrouding;  the  arms, 
soling  and  buckets  were  of  yellow  pine;  there  were 
also  the  crank-pin  and  connecting-johit  for  sweep 
rod.  The  other  was  24  (I.  diameter,  4  ft.  breast, 
with  cast-iron  axle  centers  and  shrouding;  the 
arms,  soling  and  buckets  were  of  red,  or  pitch, 
pine;  also  crank-pin,  connecting-joint,  etc.  Both 
of  these  wheels  were  made  per  contract.  The  cost 
of  each,  including  erection,  was  as  follows  :  84  ft. 
diameter,  164/.  10s.;  24  ft.  diameter  119/.  10s. 
The  latter,  including  wheel -pit,  etc.,  when  ready 
to  work,  cost  altogether  144/.  The  former  had  no 
wheel-pit,  but  worked  on  a  frame,  like  a  grindstone, 
made  of  American  pine  log,  and  the  whole  expense 
when  ready  to  work  did  not  exceed  280/. 

How  TO  Test  the  Lubricatinq  Power  or  Oil. 
It  is  a  matter  of  importance  to  the  mechanic 
to  be  able  to  say  what  amount  of  fViction  a  particu- 
lar oil  can  overcome  as  compared  with  another  oil. 
This  is  done  by  an  apparatus  called  an  ''  oil-tester,'* 
of  which  a  new  form,  devised  by  Mr.  T.  R.  Shaw, 
is  thus  described :  On  a  vertical  shaft  fitted  in  bear- 
ings is  fixed  a  disc,  on  the  upper  surface  of  which 
rests  a  circular  or  partly  circular  block,  the  two  sur- 
faces in  contact  being  preferably  finished  as  true 
plans.  The  lower  disc  is  caused  to  revolve  rapidly 
by  suitable  means,  the  continued  rotation  of  the 
block  being  prevented  by  a  cord,  one  end  of  which 
is  attached  to  the  side  of  the  block,  the  other  end 
being  attached  to  a  spring  balance,  or  to  a  weighted 
and  gradual  lever.    The  block  is  kept  in  position 


F^xp«r!ment. — Scientific  Opmu 

TUSySLOGLPXDEAS  A  MECffAHlOAL  A0E5T« — ^Tbe 
practical  value  of  the  velocipede  as  a  means  of 
k>coniottoii  has  been  thoroughly  dii>cusaed  in  a  well- 
cotisidered  paper  by  Mr.  Latider,  C.  E.,  read  before 
the  Liverpool  Pol3rU?chnic  Society.  As  Advantugea 
ftud  disadvantages  of  bicycles,  tricycles,  etc.,  are 
very  cciually  balanced  as  compared  witb  each  other, 
Mr.  Lauder**  conclusionamay  be considc^red  to  apply 
equally  to  all  kinds  of  velocipedes.  The  velocipede 
poH8eiise«  no  advantage;  that  h  to  say,  a  man  can, 
with  equal  ttxertion,  walk  or  run  quite  as  far  in  a 
day  of  eight  hours  a*  he  cao  travel  with  a  velocipede 
in  t h e  sa uie  time.  M r -  L aude r ,  be i rjg  a  vcloc i pedeat 
himRclf,  has  given  the  velocipede  all  the  jidvantage 
ill  the  argument  that  wa*  at  all  posaihle;  yel  he  can 
only  fihow  tliat,  although  for  a  journe}'  of  a  few 
minute*  duration  a.npwd  of  24  ^  mi  leu  per  hour  may 
be  ohtainedf  no  more  than  80  miles  in  the  day  of 
eight  houra  cau  be  traversed.  Mr.  Lauder  is  of 
opinion  that,  as  a  means  of  traveling,  the  velocipede 
has  very  little  chance  of  coming  into  use,  although 
ft»  an  instrument  of  healthful  oxerdfie  it  Is  worthy 
of  consideration. — Builder^ 

STEED  m  TEAVEL.*"In  »  Single  second  a  snail 
travels  one  flve-thonsiandth  of  a  f«K»tj  a  fly  fl?e 
feet;  a  pcdcutrian,  al  ordinary  gait,  five  and  three- 
tenthH  feet 5  a  camel  »\x  tmt;  an  ordinary  brecEc 
ten  feet  J  a  rapid  rimning  stream  twelve  foetj  a 
trotting  hor«e  twelve  feetj  a  whale  twelve  and 
three-tenths  feetj  a  fast-sailing  ship  fourteen  feet; 
a  reindeer,  with  sledge,  twenty-five  feet;  a  locomo- 
tive engine  twenty-nine  feet;  a  skater  thirty-six 
feet;  a  race-hon*e  forty-one  feet;  a  tempest  fifty 
feet;  a  swiftly  thrown  stone  fifty  feet;  an  eagle 
ninety -five  feet;  a  carrier-pigeon  four  hundred  and 
eleven  feet;  a  rifle  ball  one  thousand  five  hundred 
and  ninety-five  feet;  a  twenty-five  pound  cannon 
ball  two  thousand  two  hundred  and  ninety -nine  feet; 
a  point  of  the  earth  on  the  equator  two  thoosaud 
four  hundred  and  fifty-one  feet;  the  center  of  the 
arth  around  the  sun  four  niiles;  uuuifJight  ono 


tb  the  woni-^   ijn'.r 

P  nor  OBI  D  CA5AL  Bktwkics 
AHO    TAE     HCDITEaitASKi 

eatabliahiog  tbrougli   the   VjiI)^ 
(Traaoe)  a  canal  for  large  uarig 
mooted;  but  there  is  now  a  new  J 
taking  J  nndei  tlie  auspioea  of 
court.     The  proposed  canal 
merchant  ships  of  the  he^vie>f 
men-of-war  and  iraiiA  < 
to  be  established  in  tl 
deanXf  and  another  ou   ti. 
cost  of  the  scheme  is  oitir, 
and  the  cutting  uJ^'  ' 

The  plan,  if  Ciurn 
uavigvible   commu;. 
north  of  Europe,  and  India 
continuation  of  the  cjiiial  i 


iLia^i 


THS  Fast  YoTAOa  aw  tkk  Smyr; 
Diail  paddle- St  can  i«       "'     "   i  ■ 
maintain  her  hUprema^  M 


allow iug  4  houra  4U  cuinut*^  fur  dJ 
in  9  days  and  19  minot«A  Sb« 
wind  ou  the  day  of  sal ji  "tu 

easterly  breezes  thron  a 

logged  254  miles,  Hth  o^t>.    i^i^ 
17th  3L  18th  641,   19th  S40,  m 
noon,  339,  being  an  ttverairi^   noi* 
knots  an  hour.     The 
great  power,  and  with 
all  competitors  far  iii 
screw  steamer  City  of 
steamer  Ruasia  arc  the  nniv  in.*  » 
approach  her  in  point  uf  speed.— ^| 

IKON  SatP  Bvii*Df  }90  tw  ;N*fnr  Toa 
was  recenlly  obtained  by  i\  Xr^ 
firm,  ftjr  the  building  of  ,i 
vessel  in  this  conntrj,  b^t 
ve.ss*^!  is  to  be  r 
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PAYING  AW)  NON-PAYING  LOAD. 


n«d  before  the  OItII  and  MeehanSeal  Bn- 
•^  fioeleij,  by  Mr.  B.  Hauohtom,  C.  E.,  on 
^Tke  pajing  and  non- paying  weights  palled  bj 
lh»  loeoBOtiTe  engine  in  1867." 

The  railway  statistios  published  by  the 
loftrd  of  Trade,  aDDually,  as  far  as  they  go, 
n  of  Tasi  importance  in  determining  the 
[— ntitj  and  cost  of  the  useful  work  done 
1^  the  locomotive.  In  a  country  such  as 
he  United  Kingdom,  possessing  14,247 
■iles  of  railway  (or  22,091  miles  of  single 
iae),  wbieb  has  been  made  at  a  cost  of 
B502,268,000,  equal  to  £35,253  per  mile 
or  £22,736  per  mile  of  single  line) ;  in 
rlueh  the  receipts  from  railway  traffic  are 
B89,480,000  per  annum,  or  £119,636  per 
by  (in  all  such  calculations  I  assume  that 
hb  year  contains  330  working  days);  in 
vhieh  287,688,000  railway  trips  (not  inclu- 
liag  those  of  season-ticket  holders)  are 
mmm  in  the  year,  equal  to  871,781  trips 
MMsh  day,  each  trip  12 1  miles  in  length ;  in 
rhich  148,253,800  tons  of  goods,  minerals, 
ite.9  are  carried  per  annum,  equal  to  449,- 
K50  tons  each  day,  each  ton  pulled  over  say 
t^  miles ;  in  which  6,328,490  trains  are 
itaried  per  annum,  equal  to  19,177  trains 
»oh  day ;  in  which  the  locomotive  travels 
148,542,827  miles  per  annum,  or  450,129 
niies  each  day ;  which  has  been  the  cradle 
sf  the  railway,  and  in  which  it  and  its  com- 
plement, the  locomotive,  were  first  invent- 
sdy  oonstmcted,  and  brought  into  operation — 
in  saoh  a  country  the  question  of  the  ad- 
miniairation  and  conduct  of  the  railways 
moat  be  a  paramount  one ;  and  we  cannot, 
M  ita  people,  be  said  to  have  done  justice  to 
Uua  magnificent  piece  of  mechanism  until 
Vol.  I.— No.  9.— 51. 


we  shall  have  so  investi^ted  its  economy, 
and  the  science  of  its  action  and  effort,  as 
to  place  beyond  dispute  the  laws  of  its 
existence. 

It  is  particularly  desirable  that  such 
should  be  studied  at  the  present  day ;  there 
is,  just  now,  a  lull  in  the  railway  atmos- 
phere ;  railway  construction,  incessant  for 
the  last  40  years,  has  at  length  ceased ;  the 
engineer  is  idle,  the)  capitalist,  without 
whose  co-operation  he  dare  not  lift  his  hand, 
stands  aloof;  the  public  look  on  and  suffer 
from  the  estrangement,  and  their  occupation 
in  this  department  of  their  manifold  labors 
being  gone  (for  the  construction  of  552  miles 
of  single  line  per  annum  since  1827,  with 
its  attendant  expenditure  of  £12,500,000 
yearly,  must  have  been  to  them  a  source  of 
much  and  very  profitable  business);  they 
began  during  their  enforced  leisure  to  ex- 
amine and  criticige  the  natural  history  of 
the  giant  that  they  have  created,  with  the 
view  to  bending  him  to  a  more  tractable 
and  economic  servitude ;  and,  in  truth,  most 
wildly  and  inconsiderately  have  they  ap- 
proached the  investigation.  We  cannot  al- 
together blame  them  for  having  placed 
themselves  so  far  under  the  guidance  of  doC' 
trinaires.  He  who,  by  virtue  of  his  office, 
ought  to  have  been  their  guide  in  their  at- 
tempt to  solve  the  various  questions  at  issue 
has  not  come  forward  to  assist  them  with 
his  counsel,  and  out  of  his  practical  and 
special  knowledge  of  the  situation.  The 
engineer,  which  an  immense  material  de- 
velopement  in  the  current  century  has  pro- 
duced, has  been  so  entirely  absorbed  in,  and 
devoted  to,  the  physical  side  of  the  railway 
question,  that  he  really  has  not  had  time  to 
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Gonsider  ita  moral  aspect.  As  soon  aa  lie 
Bhall  have  done  so,  und  explsiiocd  the  condi- 
tion of  affaire,  we  may  reasoiiablj  expect 
that  the  aforesaid  public  will  become  con- 
tented with  **  things  as  thcj  are,"  &8  the 
intelligent  British  public  always  is,  when 
light  is  given  to  it,  and  when  it  is  made 
aware  by  the  logic  of  facts  that  **  things 
cannot  be  otherwise.*' 

I  hardly  ever  remember  to  have  seen  the 
truth  80  persistently  distorted  as  of  late,  by 
certain  pamphleteer^^  magazine  writers,  and 
ambulatory  orators,  in  regard  to  this  ques- 
tion. In  one  case  a  most  elaborate  literary 
picture  has  been  drawn,  in  an  article  styled 
**  The  Great  Railway  Monopoly,*'  the  object 
of  which  appears  to  be  to  induce  the  Gov- 
ernment to  undertake  the  management  of 
the  railways  of  the  United  Kingdom ;  to 
confer  upon  the  traveling  public  the  benefit 
of  low  fares;  and  to  prove  indirectly  the 
total  incapacity  of  those  who  Lave  the  con- 
trol and  direction  of  the  railway  menage  of 
the  country.  The  article  is  remarkable  for 
the  display  of  much  research,  and,  in  shorty 
conveys  the  idea  that  it  comes  from  the  hand 
of  an  accomplished  and  fluent  compiler.  It, 
however,  reminds  the  engineer  of  a  grand 
and  boldly  designed  arch  of  masonry  under 
construction ;  it  is  perfect  as  to  the  material 
selected,  its  foundations  are  on  a  rock,  its 
abutments,  its  counterforts  and  bauoehes 
are  nndeoiable,  but  it  fails  to  support  itself 
on  the  withdrawal  of  the  centering,  because 
of  the  omission  of  one  simple,  though  in- 
dispensable feature — the  key — which,  in  the 
case  of  this  slap-dash  article,  must  be  sup- 
plied by  the  engineer,  and  the  absence  of 
which  stamps  the  writer  as  being  a  literary 
conjurer  rather  than  a  practical  man.  With 
such  instructors  as  these  alluded  to^  and  the 
magicians  of  the  Belgian  State  lines,  it  is 
not  to  be  wondered  that  the  Engliiih  public 
are  disturbed  as  to  the  condition  of  their 
railways.  It  is  not  surprising  that,  at  the 
first  blush,  they  should  believe  themselves 
to  be  the  victims  of  a  selfish  association  of 
monopolists,  and  that  this  immense  property 
is  tended  and  controlled  by  an  executive  of 
quacks,  who  are  guided  by  the  leading  idea 
that  high  fares  alone  will  generate  income  ; 
never  was  a  more  unfounded  belief  fostered. 

The  railways  of  the  United  Kingdom,  at 
the  present  day,  are  conducted  by  an  ae- 
oomplished,  scientific,  and  highly  skilled 
body  of  experts,  who  know  their  business, 
do  it,  and  don't  talk  about  it,  and  who, 
moreover,  take  out  of  the    locomotive  all 


they  can,  and  present  it  freely  aad 
anily  to  those  whom  it  is  their  i 
well  as  their  pleasure  to  accom 
traveling  community  ;  as  ah^U 
shown,  this  is,  as  the  "Times**  W 
stated,  *'  the  beet  serred  trar cling 
ity  in  the  world,"  tUungh  I  cumndl 
the  final  phrase  in  the  aentenee, 
'*  the  most  ungrateful,"  becjnuc  ti 
is  a  vice  of  the  weak  and  the  nnii 
and  I  cannot  admit  that  my  conn 
long  either  to  the  one  or  the  other 
the  rather  that,  having  been  made  ai 
the  actual  condition  of  aflatrs,  iImj 
oept  it  as  being,  on  the  whole,  thm  ' 
sible,  coDsiderine  aU  the  cireii 
the  case,  and  will  unite  with  ihoit  vliti  M 
only  too  well  pleased  to  be  aaaist^dbf  Am 
in  concerting  means  for  the  elimiiiatlaii 
such  minor  defects  of  the  railway  syitoi  I 
exist,  and  which  are  only  thoise  thai  Mm{ 
to  every  human  institution,  bat  vUoh 
nevertheless,  we  must  combat  aneeaiia|^i 
BO  as  to  attain  as  much  perfeotioii  ai  inf 
knowledge  of  the  soienoe  involved  will  li- 
mit. 

To  begin,  accordingly,  the  work  dtfCM  If 
the   locomotive    in  I8ti7,  the  \mM  y«ar  " 
which  the  Board   of    Trade  returtw 
been  published,  was,  vii : 

3,924,624  paaseager  trains  pulled  19.06 

Tons. 

Pa>ing  weight ,.     27,i72.SS8 

Nyii-paying  weight.  • . ,   538  J48,MI 


■J 

dUl 


561,221.282   mm 


2,408,806  gOOdi  traina  pulled  80.64  mXimttA 
Tiina.         tmmd 
Ptiying  weight  ..,.•,*•  14€^636|89ft 
NoD'payiDg  weight....  aS6,&41,2l9 

488,177,068      !».« 


6,338,490  totAl  number  of  traxtts  pelkd  S3.I7  ail 
each. 

Tod*.         Pur  Oil 

Paying  weight 174,108.1^4       l4Jf 

Non-payiDg  weight....  g7H  290.1  t>l       8S-B 


i,ai4,39s,298    mm 


Horizotital  mile  i 

PasseDger  trains lO.TWrlW** 

Goods traim..,..,* ll.HK,5ttlOS 


25,6l3.*#i4» 


This  work  was  done  by  8,019 
showing   work   done    bv  oach^  ptf 
2tl^0>O47  horiEoutal  mUc  tons; 


-  —    -r^Ji 
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"^  6fteh,  per  day,  8,969  horizontal  mile  tons, 
Sfriralent  to  882  tons  palled  23.47  miles 
"^^  day,  and  ftirtber,  17,234  miles  run  by 
.  iMh  engine  per  annum. 
-^  Caking  the  23.47  miles,  the  actual  aver- 
se diatanoe  run  by  each  train  per  day,  as 
IWHJating  of  an  ascending  gradient  of  1  in 
SOO  for  half  the  distance,  or  11.735  miles, 
ttttd  a  deaoendinff  gradient  for  the  remaining 
kilf ;  and  assuming  26  miles  per  hour  to  be 
tte  aTerage  speed  of  each  train,  equivalent 
to  an  exercise  of  horse-power,  as  under : 

TMn  mfleage  of  Board 
of  Trade  Retnnis. 

Aa^V^^9L«Aii  =  23.47  miles  run  by  each 
S,ft24,e24  4-  2,408.886  ^^j^  p^^  ^y 

Total  train  tons. 

ATerage  ioclination,  1  in  800  up  for  11.785  miles; 
and  1  in  800  down  fh>m  the  same  distance. 
Avenge  speed,  26  miles  per  hoar. 

From  these  data  are  obtained  the  results: 

^^60'^^  ^  2'^^  ^'  ^^  ^^  ^^^^^  ^^  ^  minute. 
^^  =  7.626  a.  lift  of  train  in  1  mmute. 

lg^X2J40X  7.626  _ ^,,  ^orse-power  due  to 
^t^^  lifting  the  trains. 

^^  ^^^'^^   =  1<^2.96  horse-power  duo  to 
»«,UW  friction,  etc.,  at  9  lbs.  per 

ton. 
+86.41+102.96  =  +  188.87  horse-power  required 

in  ascending  the  incline. 
—86.41+102.96  =  +  .17.56  horse-power  required 

in  descending  the  incline. 
+188.87+17.55  =  205.92  horse-power    exercised 
throughout  the  average  run 
of  28.47  miles. 
Trains.  Trains  per  day. 
6,828,490  _  ^Qj.. 

"~S8(DI IpiL   =  2.22  trains  pulled  per  day 

0,01  J  by  each  engine. 

Each  train  pulled  28.47  miles,  at  26  miles  per 


hour,  gives  54.16  minutes  occupied  in  the  average 
Journey. 

64.16  X  2.22  =  120minutes.  _ ^ ^^^^^ 
oO 
206.92  horse-power  X  8,619  engines  =  1,774,824 
total  horse-power  exercised  for  two  hours  each  day 
of  880  days  per  annum,  in  behalf  of  the  traveling 
public. 

Considering  that  these  engines  may  be 
held  on  the  average  to  be  capable  of  exer- 
cising 400  horse-power  each  without  forcing; 
the  206  horse-power  actually  made  available 
will  perhaps  be  considered  too  small  a  per- 
centage to  take  out  of  each  engine,  but  it 
will  be  understood  that  it  is  not  possible  to 
render  useful  the  maximum  power  of  the 
total  number  of  engines  in  the  country,  for 


these  reasons :  that  a  certain  portion  must 
be  held  in  reserve  in  case  of  ordinary  acci- 
dent to  running  engines;  that  another  por- 
tion will  be  engaged  as  bank  engines,  and 
in  shunting  trains  about  the  stations ;  that 
a  large  proportion  of  the  whole  will  stand  in 
the  sheds  for  cleaning,  and  in  the  shops  to 
undergo  the  repairs  due  to  the  dailv  wear 
and  tear  of   an  exceedingly   complicated 
and  perishable  machine;    and  that,   over 
and  above  all  these  requirements,  an  ulti- 
mate reserve  will   be   necessary  in   order 
to  make  sure  that  a  provision  shall  exist 
against  all  eventualities,  and  that  in  no  pos- 
sible case  shall  the  company  fail  to  perform 
their  duties  to  the  public  punctually,  as  ad- 
vertised in  the  time  bills.     These  results 
cannot  be  taken  as  illustrating  the  work  to 
be  gotten  from  individual  engines,  but  onlv 
as  being  useful  in  comparing  the  total  work 
of  one  year  with  that  of  another  in  the  same 
country ;  in  comparing  the  work  done  in  one 
country  with  that  in  another ;  and,  above 
all,  and  eminently,  in  showing  a  people  how 
much  they  take   from  their  machinery  in 
gross,   with   the   object  of  exhibiting  the 
weaknesses  of  the  system,  so  as  to  effect 
such  reforms  as  shall  lead  to  improvements 
in  organization  and  administration  therefor. 
In  reviewing  the  foregoing  figures,  I  shall 
ask  your  attention  to  two  salient  matters 
therein  exhibited,  the  first  of  which  is  that 
I  have  reduced  the  work  done  to  horizontal 
mile  tons,  and  that  I  believe  this  to  be  the 
only  true  mode  by  which  a  railway  company 
can  accurately  test  the  nature  of  its  opera- 
tions ;  and,  secondly,  to  the  extraordinary 
preponderance  of  the  figures  indicating  the 
non-paying  weieht  pulled  as  compared  with 
the  paying  weight,  viz  :  Firstly,  the  usual 
mode  of  estimating  the  work  done,  as  prac- 
ticed by  boards  of  directors,  is  that  by  train 
mileage.     The  train  mileage  of  one   half- 
year,  exceeds  that  of  the  corresponding  half 
in  the  previous  year,  and  this  is  hailed  as  a 
matter  of  congratulation  from  the  chairman 
to  his  proprietors  ;  or  the  increased  income 
per  train  mile  of  the  half  year  has  exceeded 
that  of  the  corresponding  six  months  of  the 
former  year  by  a  certain  percentage,  which 
is    equally   a   cause   of  satisfaction   to  his 
audience ;  whereas,  it  is  quite  within   the 
range  of  possibility,  and  has  no  doubt  hap- 
pened before  now,  that  each  of  these  ap- 
parently pleasing  results  of  the  half-year's 
work  has  been  nothing  less  than  a  captiva- 
ting illusion ;  for,  in  the  first  case  given, 
that  of  an  increase  of  train  mileage,   the 
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latt4^r  may  have  increased  vitliout  bringmg 
an  increase  of  rcTenue,  and  maj  have 
brought  with  it  a  positive  loss ;  and,  in  the 
eecond  case,  that  of  an  increased  income  per 
train  mile,  the  »ame  may  have  arieen  in 
consequence  of  a  reduction  of  mileage,  and 
may  have  existed  co-incident  with  a  falling 
oflf  of  revenue.  The  train  mile  is  not  a 
measure  of  the  useful  work  done,  because 
the  weight  of  the  train  is  not  told ;  given 
the  weight  of  the  train,  however,  subdivided 
into  its  paying  and  non-paying  weights,  and 
a  baais  of  calculation  is  afforded,  which  places 
the  work  done  beyond  cavil. 

In  order  to  attain  thia  object,  it  will  be 
necessary  that  the  paying  and  non-paying 
weights  of  each  train  started  shall  be  regis* 
tered,  as  well  as  the  distance  traveled  by 
each  vehicle.  This,  though  causing  some 
extra  office  work,  will  amply  pay  for  itself 
in  the  long  run*  I  have  endeavored  to  re- 
duce the  work  done,  as  given  in  the  Board 
of  Trade  statistical  tables,  to  the  horizontal 
mile  ton  by  rating  the  weights  of  the  aver- 
age trains  of  the  year  as  follows.  It  will 
be  observed  that  some  of  the  items  in  the 
tables  are  assumed.  I  have  determined 
their  value  as  beat  I  could,  from  the  most 
reliable  sources  I  have  been  able  to  consult  j 
the  remaining  items  are  taken  from  the 
Board  of  Trade  returns,  viz : 

Weight  of  the  average  passenger  train  in  1867 — 
Nofi'paying  load. 

Engine  and  tender* 60  ton». 

Seven  carria^  ,»«•»».,•.,,.,  66    *^ 

Tw^breaka. ,,  ID    ^* 

116  tona. 

Empty  caniages^  etc.,  to  be  pulled 
b«ck,  aay  ^h  of  above  . , 20    ** 

Paying  load. 
TS  passengcni,  with  luggage,  etc.,  at 
2owl.4Mob 7    '' 


Total,. I4atoag. 


I  have  chosen  seven  as  a  fair  average 
figure  for  the  carriages  to  each  train.    This 
number  of  composite  carriages  should  con- 
tain, if  full,  196  persons,   narrow   gauge; 
and  in  corroboration  of  this  rating,  I  may 
quote  Mr,  Kobert  Stephenson,  who,  in  his 
address  to  the  Institute  of  Civil  Engineers, 
in  1860,  rated  the  then  trains  as  capable  of 
holding  on  the  average  200,  while  not  actu* 
ally  carrying  over  100  passengers*     It  ap- 
IMBlkrs,  from  the   Board  of  Trade    returns, 
iJ^t  the  number  of  passengers  has  decreased 
gi  ncc  then,  doubtless  owing  to  competition, 
a^L3d  the  wish  to  render  traveling  moro  at- 


tractive by   the  nmclug  of  m  i 

number  of  trains,  sinea  oolj  TSl 
were  carried  per  traiB  in  IW^*;  «il 
have  been  more  direeity  due  to  Ite 
of  sending  throngh  carriage  la  all 
cipal  stations  with  the  more  iaip^itait^ 
thus  saving  their  ooeupanta  iha 
changing  from  one  carriaga  to 
route.     The  empty  cmrrtagas  U  W 
back  with   their  attendaiii  potliift 
weight   of    the  engine^    eoiue<pirjil  it] 
irregularity  of  flow  of  the  alrcaaw  of 
in  opposite  directions,  is  a  Uei  that 
be  evaded,  I  have  rated  it  at 
non-paying  weight. 

Some  persons  may  take  exccptm  It  iM 
rating   of  the    assumed    itema^   balv  cw 
should    they   be   fonnd   strained  or 
which  I  have  taken  all  paiDS  to  pfti 
amount  of  their   error,  however 
may  be  estimated,  cansot  materiaUy 
the  issues. 

Weight  of  the  averafie  eoods  Iraiii  m 
1867— 

Ntm-p^img  ioad^  wis : 

Engine  and  leDder ..,..,,..,  50  fona. 

Twobmik* 8    ** 

Six  goods  trucks  at  8|  tons 
each,  to  carry  3  UnxM .21     ** 

Six  mioeral  trucka  at  8|  toos 
each,  to  carry  7  tons  emeh, .  il    " 

m 

Of  the  above,  to  be  leiit  hack 

as  emptiea,  two  goods  tnicks 

SIX  mineral  trucks. tB 

One -fourth  engine  and  tender  ^ 

withemptlei 12 

Pbjftaf  tmi. 

Goods • Id 

Minerala •■••.•  41 

Six  and  a-half  bend  Uve  gtock    1 


Total. 


61 


In  this  table  the  detail  of  the  itcai  fl 
tons  is  taken  from  the  Board  of  Traik  r^ 
turns  ;  the  other  items  are  auumpttiv  (VD* 
der  certain  restrictions,  which  wM  bi  i^ 
parent),  still  not  to  be  omitted*  Theti  IW 
tables  give  the  average  weights  of  ths 
6cnger  and  goods  trains  of  the  yetr; 
multiplying  their  eeferal  mfsmhjih§ 
numbers  of  trains,  pasaengers  aiMl  p^  f^ 
speetively,  run  in  the  yeafi  m  gifw  b  lb* 
returns,  1  have  arrived  at  1^  great  l/fttk. 
given  before. 

The  second  point  to  which  I  haft 
your  attention  is  that  of  the  immea 
of  the  non-paying  weight  of  the  tnini 
and   above   the  paying  weight*     TUi  ill 
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whioh  18  freqaently  treated  in  the 
lUie  pnblieations  of  the  day,  and  which 
disoaased  at  meetings  of  this  So- 
_,  Imt  I  am  not  aware  that  it  has  been 
^  UdMrto  oonflidered  in  oonneotion  with  the 
/^Sovd  of  Trade  returns.     In   the  annual 
which  I  had  the  honor  to  give  to 
I  Soeietj  in  October,  1868,  I  alluded  to 
■mbject  of  non-pajing  weight.     I  then 

£m  ma  estimate  of  what  I  believed  to  be 
I  pwyortions  in  which  these  two  divisions 
'  of  the  total  weight  of  the  train  are  to  be 
fMmd.  The  non-paying  weight,  large  as  it 
VM,  I  now  find  was  understated,  as  shown 
hf  thm  astounding  results  extracted  firom  the 
ntiinuL  This  was  in  part  owing  to  the  &ct 
tkfti  the  figures  were  drawn  from  a  much 
Millftr  railway  circle  than  that  from  which 
I  retoms  immediately  before  us  have  been 


The  proportions  of  the  paying  weights  of 
tnins  ran  in  1867  were,  vis  : 

Pattenger  traint* 

Paying  weight,  4.89  per  cent  of  the  total 

weight  of  the  train. 

Good*  train** 

Frying  weight,  80.84  per  cent  of  the  total 

weight  of  the  train. 

Total  PoMtenger  and  Goods  trains. 

Frying  weight,  16.G7  per  cent  of  the  weight 

of  the  whole  train. 

Or,  in  simpler  phraseology,  it  takes  19  tons 
of  train  equipment  to  carry  one  ton  of  pas- 
sengers, 2}  tons  of  the  same  to  carry  one 
ton  of  goods,  and,  in  gross,  5  tons  of  equip- 
ment to  carry  one  ton  of  paying  load. 

That  the  public  are  not  acquainted  with 
these  fiusts  is,  I  believe,  the  secret  of  their 
discontent  with  the  management  of  our  rail- 
ways. They  place  themselves  willingly  un- 
der the  direction  of  theorists,  who  are  not 
eompetent  to  realize  the  situation.  Relieve 
them  firom  this  state  of  suspense  in  which 
they  are  placed,  make  them  familiar  with 
the  reason  why  they  cannot  hope  for  a  re- 
dnotion  of  fiures,  and  they  will  rest  content, 
mad  railway  property  cannot  fail  to  be  the 
|Huner  thereby.  Show  them  that  the  expe- 
nenoe  of  the  Post-office  cannot  be  taken  as 
a  gnide  for  the  management  of  railways,  be- 
euse  a  letter  weighs  practically  nothing,  as 
I  hare  endeavored  to  show  in  the  address 
balbre  mentioned,  and  that  its  numbers  may 
be  iaoreaaed  almost  indefinitely  without  ex- 
tra eoet  of  oarriage,  whereas  a  passenger 
will  weigh  two  tons,  inolnding  his  share  of 
trmfai  equipment ;  and,  moreover,  that  each 
piseewger  earried,  in  ad^ti<m  to  the  nsuSal 


numbers,  will  bring  an  additional  weight  of 
two  tons  with  him.  Show  them  that  the 
fares  charged  by  excursion  trains  cannot  be 
taken  as  a  guide,  because  the  conditions  un- 
der which  they  are  run  are  not  those  re- 
quired in  the  conduct  of  the  common  traffic 
trains  of  the  country.  Show  them  that  the 
extremely  low  &res  charged  on  the  Belgian 
railways  cannot  be  taken  as  a  guide,  because, 
firstly,  what  are  commonly  called  the  Bel- 
gian railways,  and  notably  so  in  the  second 
report  of  the  Railway  Commission  of  1868, 
are  not  the  Belgian  railways,  but  only  a 
fraction  of  them,  that  is  to  say,  535  miles 
out  of  1,819  ;  secondly,  that  they  were  con- 
structed by  the  Government,  before  private 
railway  enterprise  had  commenced  in  Bel- 
gium, who  naturally  selected  the  most 
prombing  lines  of  country,  and  are,  in  fact, 
possessed  of  the  cream  of  the  traffic  of  the 
land;  thirdly,  that  these  lines  have  cost 
£18,000  a  mile  as  against  £36,000  for  the 
English  lines;  fourthly,  that  these  lines 
have  been  charged  with  no  parliamentary 
expenses ;  fifthly,  that  land  is  of  far  greater 
value  in  England  than  in  Belgium ;  sixthly, 
that  labor  is  dearer  in  England ;  seventhly, 
that  the  speed  of  the  Belgian  trains  is  con- 
siderably less  than  that  usual  in  England. 
That  all  these  things  combine  to  make  the 
working  of  railways  more  costly  at  home, 
and  so  to  produce  higher  tariffs  of  fares  and 
rates ;  and,  finally,  Siat  no  later  than  this 
month,  M.  Malou,  Belgian  senator,  and 
well  versed  in  the  railways  of  that  countrv» 
has  shown,  in  a  pamphlet  which  he  has  pub- 
lished, that  the  glowing  promise  of  a  new 
railway  era,  to  be  inaugurated  by  these  gift- 
ed Belgian  legislators,  is  only  a  juggle  and 
a  delusion,  and  that  the  Government  must 
immediately  rabe  their  fares  considerably, 
unless  they  are  prepared  to  work  their  535 
miles  of  line,  having  cost  £10,000,000,  with 
an  utter  dbregard  of  the  ordinary  principles 
of  economy  and  trade,  and  at  an  enormous 
loss  per  annum.  Lay  all  these  fkcts  and 
views  of  the  question  before  the  traveling 
public  of  England,  and  they  will  quickly 
wipe  the  film  from  off  their  eyes  that  now 
rests  there,  and  be  led  to  confess  that,  after 
all,  the  men  who  have  invented  and  perfect- 
ed the  locomotive  and  the  railway,  with  its 
belongings,  and  instructed  the  world  in  the 
art  of  working  and  usine  it,  are  as  likelv  to 
know  how  to  tend,  and  direct,  and  manipu- 
late it  with  skill  and  sagacity,  as  are  their 
continental  and  other  pupils. 
The  Bnglbh  engineer  xnows  that  natural 
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and  ecoDoinic  laws  most  eventually  prevail, 
no  matter  how  the  public  may  wish  to  dis- 
peDse  with  their  action ;  he  knowt*  the  ways, 
pathftf  and  tendencieB  of  these  laws;  be 
knows  how  to  respect  them,  as  respected 
they  will  be ;  while  he  also  knows  how  to 
bend  them  to  his  educated  will.  With 
these  laws  as  his  guides,  and  with  the  forces 
which  nature  permits  him  to  wield  as  imple- 
ments, he  goes  on  in  a  safe  and  sure  road  of 
Progress,  and^  as  he  advances,  hardly  turns 
is  head  to  reply  to  the  dreamers  and  tri- 
fiers,  who  preach  from  the  stump  and  the 
journal  the  reversal  of  the  order  of  nature* 
This  immense  Jead  or  n  on -paying  weight 
has  ever  been  a  difficulty  with  the  engineer. 
Dead  weight  has  no  doubt  increased  of  late 
^engines  are  made  heavier,  hence  more  ad- 
hesion, less  liability  to  become  derailed,  and 
greater  economy  of  fuel  in  working ;  car- 
riages are  made  longer,  hence  there  is  more 
space  for  the  legs  of  passengers;  they  are 
made  higher,  hence  more  facility  for  moving 
when  in  an  erect  position  ;  the  timber  is  of 
large  scantling,  hence  more  steadiness  and 
durability — -all  these  changes  have  been 
changes  for  the  better,  the  traveler,  in  con- 
6e<|uence,  is  more  oonvenienced  aa  well  as 
physically  safer  than  before — the  latter  a 
boon  that  cannot  be  over-estimated;  he  is 
actually  1 ,000  per  cent  safer  at  present  sit- 
ting in  a  railway  carriage  in  motion,  than 
when  walking  in  the  London  streets.  The 
Briton  of  the  age,  in  Bbort,  travels  fast  and 
securely ;  faster,  indeed,  than  the  represent- 
ative individual  of  any  other  nation  ;  he  is 
in  the  condition  of  the  man  who  lives  fast, 
and  builds  a  large  and  comfortable  mansion 
for  his  gratification ;  its  dimensions  are 
greater  than  are  absolutely  necessary  for 
his  wants,  yet  he  can  alFord  the  cost  and  he 
defrays  it.  The  Briton  must  do  likewise  if 
he  wishes  to  travel  fast. 

Kcduetion  of  non-paying  weight  is  prac- 
ticable, but  it  implies  a  reduction  both  of 
the  rate  of  speed  and  of  convenience,  and 
it  is  not  likely  that  it  can  be  attempted  in 
the  face  of  the  long  enjoyment  of  these 
luxuries  which  the  public  have  possessed. 
The  receipts  per  mile  from  the  7B^  persons 
who  traveled  per  train  run  in  1867,  were,  viz: 

Correct^*d 


1st  class* 
2dclaas. 
SdchutB, 


Feriioiis. 

, .    8|    At  2d.  per  mile, 
.,20     At  na.    " 
..  45      at  Id.      '' 


7H 


income  per 
a.  d.     luik*. 

1  4i       1  23 

2  6        2  8 
8  9        8  8 

7  7J      7  1| 


UmpA 


The  column  beaded  *^  Correcttd ** 
the  correct  figures,  having  made  the 
deductions  because  of  rctom  tv  V^-t, 
may  be  taken  at  60  per  ccm 
number  of  tickets   issued    for    i** 
classes.     This   7s.  1  jd.   per  mile  m 
be  confused  with  the  4i*,  9d.  p«r  tn 
of  the  returns ;  the  first  it  Ibt  moi 
mile  run  by  the  7S^  pmsseiigen»  ikt 
mileage  run  by  each   paMOHger  ' 
miles,  while  the  averaige  oiiles^  ftt 
was  19  miles. 

The  following  details  may  b«  qmU, 
73^  passengers  carried  in  each  of  Ihe  ^ 
624  passenger  trains  run.     Favixigaai 
paying  weights  of  each  train  14S  tca«^^ 
a  total  weight  per  passenger  of  Iwn 
Total  weight  of  train  per  one  toti  «f 
gers  equal  to  20  tons  8  cwt.     GO 
and  minerals,  and  OJ  !       *    ^  lire 
ricd  in   each  of  the  *J  *  goodi  tnii 

run,  paying  and  nou*pay  mg  wcighti  ttfwl 
train  201  tons,  being  a  tot&l  wetghl  f$t^ 
ton  of  freight  of  3^  tons, 

Each  passenger  train,  weighing  a  t4ld rf 
143  tons,  was  pulled  over  a  aistaocv  of  Ih 
08  miles,  bringing  a  revenue  of  £4  1!l 
4|dM  equal  to 

Per  mile  ton  of  paying  weight  .*.,«**•••»,,»  41 
Per  mile  ton  of  total  weight  of  traia.., M 

Each  goods  train,  weighing  a  lotalof  i(^l 
tons,  was  pulled  over  a  didtanoe  ef  MjM 
miles,  bringing  a  revenue  of  £B  ISk.  S|i 

equal  to 

Per  mile  ton  of  payn  :*  t  , , in 

Per  mile  ton  of  txrdn  train. .,..,.♦    M 

Passengers  revenue  pi ,  ......  |*ct  tniin  inH^.-    J? 

Passengers  revenue  per  bead  per  mile  actaally 
run  by  eachpaaaenger.  •♦ ,.••, I J^ 

These  figures  lead  to  the  rtsxt^  qfttfttoi, 
vix:  the  relative  paying  propertici  of  pt^ 
sengers  and  goods,  which  m  shown  to  t^ 
items,  as  above,  viz : 

pAssengcr  revenue  per  mile  lf>n  ^i  i 

of  train ....,..,.,., ,  ^^ 

Goods  revenue  per  mile  ton  of  iotal  ^>.p 

train « ••... 


These  fi^es  are  not  strieUj  aecaate, 
while  sufficiently  so  for  our  parpoie«  (omit 
we  know  from  the  j  r  reTeQQf  per Wii 

per  train  mile  of  :it  each  ^MMtf0 

cannot  have  traveled  tbo  whole  l&.0>8aik< 
run  by  the  passenger  train.  I  find  IW  At 
actual  distance  run  by  ea43h  pftSBOOftf  W 
about  12}  miles,  or  three-ouaften  m** 
than  the  distance  run  in  185d,  u  gtfio  ^ 
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>bert  Stephenson  in  hb  address  to  the 
lie,  in  1856,  before  alluded  to.  The 
i  distance  run  by  each  ton  of  goods 
is  not  so  easily  fonnd.  However,  all 
considered,  the  deductions  for  these 
acks  of  passenger  and  goods  mileage 
^he  19  miles  and  80}  miles  run,  wul 
iuse  any  material  error  in  the  repre- 
Lve  fractions  .40d.  and  .34d.,  the  in- 
per  horiz.  mile  ton,  respectively,  as  the 
ions  would  only  apply  to  the  paying 
;  sections  of  the  train,  which  in  each 
9   small  as  compared  with  the  total 

se  fractional  figures  would  place  the 
;age  on  the  side  of  passenger  traffic  to 
tent  of  .06d.  per  horis.  mile  ton,  but 
t  such  is  to  be  placed  the  serious 
of  90  per  cent  more  speed,  also  90 
it  more  of  capital  invested  in  vehicles, 
g  carriages  at  £200,  and  trucks  at 
ftch,  the  capital  invested  in  the  latter 
vii: 

9  capital,  per  ton  of  freight  pulled 

nnum Ss.  9d. 

capital,  per  ton  of  fVeight  pulled 

»Qnum 28.  Od. 

ile  to  its  credit  is  to  be  placed,  say, 
*  cent  less  concussion,  and  the  carry- 
75  per  cent  more  freight  per  vehicle, 
ix: 

carriages  carried  27,472,868  tons,  or  1,004 
per  vehicle. 

i  tracks  carried  146,685,826  tons,  or  698 
per  yehicle. 

debtor  and  creditor  account  would 
thus — 


PASSENGER  TRAFFIC, 

AS   AGAINST 

GOODS  TRAFFIC. 


O. 


ent  more  speed. 


cent  more  rehicle 
,  in  vested  per  1  ton 
'mg  load  pulled. 


17  per  cent  more  revenue  per 
mile  ton  of  total  weight 
pulled. 

SO  per  cent  leM  concunion, 
Tiz:  load  carried  12  owt 
per  foot  of  wheel  bate,  at 
against  QO  cwt.  to  40  cwt. 

75  per  cent  more  paying  load 
carried  per  rehide  per  an> 
num. 

19  per  cent  greater  facility  in 
reception  and  delivery  of 
paying  load. 


lall  not  now  strike  the  balance ;  the 
bage,  however,  at  first  sight,  is  on  the 
»f  goods  traffic.  If  the  two  sides 
be  found  on  a  line,  it  will  be  a  re- 
ble  proof  of  the  sagacity  of  railway 
;er9,  in  that  they  succeed  in  making 


the  two  great  divisions  of  traffic  revenue 
contribute  equally  to  the  general  account. 

I  must  not  forget  to  acknowledge  my  ob- 
ligations to  Mr.  Frederick  T.  Haggard,  of 
Burnham  House,  Kent,  for  the  assistance 
which  I  have  received  from  him  while  in- 
vestigating this  question,  as  well  as  for  the 
hints  whicn  I  have  taken  from  his  valuable 
pamphlet,  entitled  *' A  Mile  of  Railway," 
published  last  February. 

The  moral  which  I  have  endeavored  to 
make  this  paper  convey,  is  this:  that  so 
long  as  the  railways  of  the  United  Kingdom 
shall  carry  passengers  and  their  train  equip- 
age at  .40d.,  or  two-fifths  of  a  penny,  per 
ton  per  mile,  at  an  average  speed,  while 
running,  of  84  miles  per  hour,  and  goods 
and  minerals,  with  their  accompanying  dead 
weights,  at  .34d.,  or  one-third  of  a  penny 
per  ton  per  mile,  at  a  speed  of  18  miles  per 
hour,  the  public  cannot  complain. 

If  they  will  take  a  common  sense  view  of 
the  question,  and  compare  these  rates  and 
speeds  with  those  of  such  other  modes  of 
traction  as  they  are  familiar  with,  and  fur- 
ther, compare  them  with  those  of  other 
countries,  giving  their  own  country  credit 
for  the  many  and  great  conveniences  and 
accommodations  which  the  system  confers 
upon  them,  as  well  as  taking  due  cognizance 
of  the  quality  and  price  of  the  material  out 
of  which  the  fabric  b  made,  and  upon  which 
it  is  built  up,  I  feel  assured  their  verdict 
will  agree  with  that  before  quoted — that  in 
the  matter  of  railways  they  are  **  the  best 
served  community  in  the  world."  These 
returns  disclose  the  strange  facts  that  the 
average  British  passenger  weighs  two  tons, 
with  train  accessories,  and  that  the  ton  of 
goods,  etc.,  weighs  8}  tons ;  by  no  known 
processes  can  these  enormous  multiplication 
of  original  net  weights  be  reduced,  consistent 
with  affording  that  amount  of  personal  se- 
curity, and  comfort,  and  accommodation 
now  enjoyed ;  let  them,  in  their  future  de- 
liberations on  this  subject,  relinquish  the 
idea  which  has  so  long  cluns  to  them,  and 
which  has  been  so  ingeniously  and  persist- 
ently placed  before  them,  that  a  railway 
passenger  b  a  featherweight — a  letter  or  a 
newspaper,  as  it  were^ — and  that  he  may  be 
treated  accordingly,  let  them  try  to  realize 
the  facts  as  stated,  as  to  the  actual  total  of 
paying  and  non-paying  weights  pulled,  and 
the  enormous  energy  developed  in  order  to 
produce  the  effect  expressed  in  the  figures 
as  before  given,^  viz :  26,512,646,408  horiy, 
mile  tons. 
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These,  combined  witli  the  figures  repre* 
eenting  the  wear  and  tear  of  material,  and 
the  labor  expended  in  the  maintenance  of 
the  system,  will,  perhaps »  convince  them  of 
what  an  exacting,  devouring,  and  insatiable 
monster  it  is  that  they  have  called  upon  to 
miQister  to  their  lately -bom  wants^  and  will 
go  far  to  reconcile  them  to  the  existing 
tariffs  of  fares  and  rates,  which,  no  doubt, 
oompetiiion  and  the  wish  to  act  in  a  just 
and  liberal  spirit  to  all  parties  concerned,  on 
the  part  of  railway  executives,  has  already 
redueed  to  the  lowest  admigsible  rate.  I 
believe  that  these  are  amongst  the  **  things 
not  generally  known/*  and  that  when  gene- 
rally known  they  must  tend  to  promote  and 
strengthen  that  cordial  understanding  which 
ought  to  exist  between  the  railway  proprietor 
and  the  traveler  by  railway,  and  so  without 
fail  to  increase  the  confidence  of  the  invest- 
ing public  in  this  great  property,  and  as  a 
necessary  sequence,  to  enhance  its  money 
value. 


TUE  FAIRLIE  STEAM  CARRIAGE 

From  th«  **  Moohanies^  MagAtiDe»'' 

The  name  of  Mr,  Robert  F.  Fairlie  has, 
for  some  time  past,  been  brought  promi- 
nently beforo  the  publio  in  connection  with 
the  economical  working  of  railways.  The 
Fairlie  engine  is  well  known  to  our  readers, 
and  a  brief  description  of  his  steam  carriage 
has  also  appeared  in  our  pages.  A  trial  of 
this  carriage  was  made  July  15th,  at  the 
Hateham  Iron  Works,  which  snccessfully 
demonstrated  the  practicability  of  working 
the  system  upon  railways,  with  curves  of 
only  60  ft.  radius.  The  steam  carriage 
exhibited,  and  which  was  not  quite  completed, 
was  designed  to  work  on  a  metropolitan  rail- 
way, at  the  terminal  stations  of  which  su^- 
cient  space  could  not  be  given  for  laying 
down  rails  on  a  curve  of  25  ft.  radius  for 
the  standard  carriage  to  run  itself  round ; 
consequently,  the  standard  carriage  had  to 
be  altered  in  dimensions  to  allow  of  its 
being  turned  on  an  ordinary  40  ft.  turn-table. 
Hence,  instead  of  seating,  as  is  intended, 
the  100  passengers  in  the  standard  carriage, 
the  carriage  under  trial  only  gave  seating 
Bpace  for  sixteen  first  class  and  fifty  second 
class,  in  all  sixty-six  passengers.  The 
accommodation  per  passenger  is  as  good  as 
is  given  on  the  best  lines,  and  infinitely 
superior  to  the  stock  usually  worked  on 
branch  lines.  The  length  of  the  carriage 
ii  43  ft,^  including  a  compartment  near  the 


engine  for  the  guard.     The  engiAfi, 
and  framing  all  complete,  in  vorkta| 
but  exclusive  of  pas«engera,  weudb 
13|   tons,    and   inclading   its  ful  1 
passengers,    18. J   tons  omy.     Tbt 
when  finished   complete  will  have  t 
step  or  platform  on  each  iide,  e: 
entire  length  ;  this  step  is  proitrtrf 
hand  rail  on  the  outride,  wilb 
mcnt  for  lifting  it  on  Ibe  pl&tfdra 
the  doors  to  allow  the  passengeif  to  ^ 
and  out.     The  object  of  ibis  pktfm' 
enable  the  guard  to  pftas  eompleiiSy 
the  train  at  all  times,  and  while  JoiAir  ta, 
is  perfec  tly  s af e  from  any  ace i d  e  n t .     ! 
gers  can  also  pass  along  the  platfora  ta 
guard,  80  that  in   this   manner  tbctv  h 
easy   and  perfect  mode   of  comici 
between  passengers  and  guard. 

It  is  intended,  however,  in  tli« 
steam  carriage  to  provide  a  eentnl 
inside  the  entire  length  of  the 
leading  direct  from  and  to  th^  gvardV 
partment ;  thus  there  ia  tbc  BOfl 
means  of  communication  between  tbt 
gers  and  guard.  The  compartmcirti  i 
carriages  will  be  quite  as  separate  tod 
tiuct  as  they  are  at  present,  or  as  the 
fastidious  could  desire.  The  guard  ^mmi 
through  the  carriage  at  pleasure.  Thfistb 
the  higher  classes  can  pass  to  the  lower,  kl 
the  lower  cannot  get  to  the  higher,  ehdt ill 
can  pass  to  the  guard  when  requind.  Hi 
standard  carriage  will  have  two  con^ 
first  class,  to  seat  16  persons 
partments  second  class,  to  seat 
and  four  and  a«half  compartmoitU,  llif4 
elasB^  to  seat  54  persons — in  all,  lUO  futtft^ 
gers.  The  machine  complete,  in  wodAtf 
order,  will  weigh  about  14  tons,  aadl  vitt 
the  100  passengers,  from  20  tons  to  !tl  leii> 
These  carriages  will  convey  their  fall  eeop 
plement  of  passengers  at  forty  milti  ptf 
hour  up  gradients  of  1  in  100,  sal  it 
demonstrated,  will  pass  round  ewes  el  iA 
ft.  radius  at  twenty  miles  an  b<rar  wi&l  fn* 
feet  safety. 

There  are  few  trains  on  any  rf  oir  ntt- 
ways  which  convey  more  passengsn  pff 
mile  than  can  be  aooommodated  by  oesrf 
these  steam  carnages.  In  faet,  ii  is  bi0«i 
that  the  average  number  of  passiig^* 
taken  from  the  Parllametitary  fwlnm,  litt 
only  about  eighty  passengert  cNMiveysd  Jn* 
get  her  by  eacb  passenger  train  in  the  Tiiitpi 
Kingdom,  from  the  time  it  staru  aatil  ii 
completes  its  journey ;  and  tbls  only  p^ 
aboat  an  average  of  30  to  SS  nsasBisn  M 


I 
I 
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itagf  one  time  in  the  train,  for  each  mile 
!;jkmled.  Of  course,  there  are  exceptions 
ib  this  nnmher  on  onr  principal  mail  lines, 
ihH  eren  in  these  cases,  a  greater  number 
|i  llie  exception,  and  not  the  mle.  The 
M^t  per  wheel  of  the  steam  carriage  being 
■1^  awmt  2^  tons,  it  follows  that  very 
tffti  ruls  may  be  used,  with  eyerything 
light  in  proportion.  The  passage  of  snoh 
riMup  eorves  so  easily  will  enable  ns  to  make 
Bnes  T«ry  inexpensively;  we  need  no 
mbaiikments  or  cuttings  or  heavy  masonry 
'  I  of  any  kind ;  therefore,  lines  will  be 
cheaply  and  stocked  cheaply.  Under 
eircnmstances,  there  is  no  reason  why 
irary  village  should  not  have  its  line  either 
Kreet  or  communication  with  some  of  the 
■am  lines,  to  which  these  light  railways 
poold  act  as  feeders,  and  not  like  the  present 
bnaoh  lines,  which  really  act  as  suckers 
nd  not  feeders.  Many  of  these  branch 
Bbm  have  actually  cost  a  larger  sum  per 
wOm  than  the  parent  Une,  over  which  the 
tnfie  firom  the  particular  branch  would  not 
Ptpraaent  more  than  5  per  cent,  if  so  much, 
if  ike  total  traffic.  Then  how,  in  the  name 
if  wonder,  can  such  lines  pay  ?  When  a 
Mntleman  desires  to  open  up  an  estate  for 
Mnlduig  or  agricultural  purposes,  the  first 
ihbkg  he  considers  is  the  making  of  suitable 
randa  through  it.  Now,  instead  of  roads, 
there  is  no  reason,  why  these  light  railways 
ihoold  not  be  made.  In  time  it  will  come  to 
tkb. 

We  are  only,  in  a  sense,  beginning  rail- 
vmvs ;  we  must  have  double,  aye,  treble  the 
■uieage  we  have  at  present,  but  every  one  of 
these  miles  must  not  only  be  constructed 
bat  worked  in  a  very  different  manner  to 
that  in  which  they  have  been,  and  are  being 
at  present.  We  have  only  to  consider  this 
naiple  fact:  the  steam  carriage,  with  100 
peaaengers  included,  weighs  about  20  tons, 
while  the  tender  which  accompanies  the 
ordinary  locomotive,  and  which  is  perfectly 
melees,  except  to  carry  food  for  the  locomo- 
tive, weighs  as  much,  if  not  more.  The 
oanal  passenger  trains  average  in  weight, 
azohisive  of  passengers,  alK>ut  80  tons; 
therefore,  it  follows  if  to  work  80  tons  it 
lakes  80  lbs.  of  fuel  for  the  locomotive  per 
nilev  to  work  only  20  tons,  one-fourth  of 
Ihe  ftiel  would  be  required.  The  reference 
to  fbel  means  oil,  tallow,  and  every  material 
leqoired  to  maintain  the  engine ;  it  means 
■lae  Ihe  same  proportionate  reduction  in  the 
coal  of  maintenance  of  permanent  way,  and 
lU  eharges  connected  with  the  worlung  of 


railways.  The  proper  method  of  working 
railways  is  to  take  the  largest  possible  loads, 
and,  consequently,  fewer  numbers  of  goods 
trains ;  so  that  instead  of  earning  about  6s. 
per  train  per  mile  at  a  cost  of  50  per  cent, 
netting  3s.,  these  should  earn  double  the 
amount — say  12s.  per  mile — ^while  the  cost 
would  not  exceed  Is.  over  the  8e.  spent 
to  earn  the  6s.,  giving  a  net  production 
of  8s.,  instead  of  Ss.,  or  about  280  per  cent 
more. 

Then,  again,  the  passenger  trains  which 
now  earn  under  5s.  per  train  per  mile,  and 
costing  50  per  cent  of  the  amount,  or  2s. 
6d.  to  earn  it,  could  be  worked  with  the 
steam  carriages  at  a  cost  of  about  Is.  6d.  per 
mile,  thus  adding  40  per  cent  to  the  net 
receipts  on  passenger  traffic.  It  is  to  be 
remembered  that  these  percentages  are  pure 
gains  to  railway  companies,  the  cost  of 
management  and  other  charges  being  taken 
as  remaining  the  same,  the  profits  arising 
solely  from  the  improved  mode  of  working. 
The  Fairlie  engine  can  haul  double  the 
ordinary  loads  of  goods  per  train,  without 
injuring  the  permanent  way  so  much  as  b 
now  done  by  the  ordinary  engine;  and 
allowing  for  the  increase  in  the  consumption 
of  fuel  for  the  load  taken,  all  other  expen- 
ses remaining  the  same,  the  extra  cost  on 
each  could  not  exceed  even  6d.,  although 
Is.  is  placed  against  this  item — therefore, 
theprofit  must  certainly  be  very  great. 

While  on  the  subject,  we  now  notice  the 
Fairlie  engine  "  Little  Wonder,*'  which  has 
been  built  for  the  Festiniog  Railway  Com- 
pany, and  which  has  obtained  very  consider- 
able notoriety  from  its  being  the  narrowest 
gauge  passenger  railway  worked  by  locomo- 
tives in  existence.  The  line  has  been 
worked  now  about  five  years,  and  during 
that  time  there  has  not  been  the  slightest 
accident  of  any  kind;  in  fact,  it  is  con- 
sidered a  most  extraordinary  line,  not  only 
on  account  of  its  gauge,  which  is  only  2  ft., 
but  because  of  its  success  commercially. 
The  traffic  hauled  last  year  over  this  minia- 
ture line  of  twelve  miles  in  length 
amounted  to  130,000  tons  of  goods,  and 
145,000  passengers,  which  wouki  be  con- 
sidered a  very  handsome  traffic  for  a  fuU- 
sised  railway  of  the  same  length,  and  the 
wonder  is,  how  it  has  been  done.  The  credit 
is  due  to  the  able  management  of  Mr.  C.  E. 
Spooner,  managing  director  and  engineer. 
Tne  traffic  has  so  increased  that  the  ordinary 
engines  are  getting  too  small  to  pull  the 
loMS,  and  henoe  the  adoption  of  the  Fairlie 
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sigDsd  and  made,  the  first  cost  and  the  cost  of 
maintenaDcc  have  been  small,  eompared  with 
other  machinery  of  equal  capacity.  The 
ehief  item  of  expense  in  the  maintenance  of 
hydraulic  machinery  lies  in  the  cost  of  renew- 
ing the  Clipped  leathers  ;  and  from  want  of  a 
little  good  biiinwork  in  the  design  of  the  ma- 
chine, the  cost  of  putting  in  the  latter  is  often 
far  more  than  the  coat  of  the  leather  itself — in 
fact,  it  is  the  writer^s  experience  that  this  is 
the  rule  rather  than  the  exception.  It  is 
aUo  very  noticeable  In  most  cases  that  the 
leathers  do  not  have  a  fair  chance  of  a  long 
**  life  *'  by  reason  of  the  inferiority  of  the 
surface  against  which  they  work,  arising  from 
**  specks  *  and  deficiency  of  finish.  It  is 
very  difficult,  nay,  even  impoasible,  to  get  a 
perfectly  clear  surface  on  cast  or  wrought 
iron  by  ordinary  tools  and  operations  ;  but 
much  may  be  done  by  the  adoption  of  little 
practical  "dodges,'*  of  which  we  shall  have 
occasion  to  speak  hereafter.  The  considera- 
tion of  the  convenience  of  hydraulic  ma- 
chinery opens  up  a  very  wide  and  interesting 
field  of  applied  mechanics ;  but  one  rather 
difficult  to  treat  of  generally,  as  each  in- 
dividual case  offers  some  distinctive  features 
of  its  own.  Yet  we  can  Beleot  certain  salient 
features  which  may  serve  aa  mental  stand- 
points from  which  to  regard  isolated  oases, 
which  may  arbe  in  each  branch  of  manu- 
facture. In  all  oases  where  it  is  a  necessary 
part  of  a  process  to  have  a  machine  to  stand 
for  accurate  adjustment  of  the  work,  as  in 
punching,  shearing,  etc.,  accumulated  hy- 
draulic power  is  very  advantageous,  aa  the 
tools  can  be  brought  close  to  the  work  and 
kept  at  any  point  quite  steady  till  the  ad- 
juiitmeut  is  complete,  when  the  blow  can  in- 
stantly be  obtained.  There  is  aliso  the  very 
freat  advantage  that  the  pressure  can  be 
ept  equally  on  the  work,  and  will  follow  it 
up  self-acting,  which  other  gearing  will  not 
do  satisfactorily.  There  is  one  point  of  superi- 
ority in  hydraulic  pressure  from  an  ac- 
cumulator which  in  many  operations  is 
eminently  important,  and  which  is  equally 
characteristic  of  it,  and  that  is,  that  if  the 
**  work  **  will  not  yield,  there  is  not  an  in- 
crease of  pressure,  as  in  other  eases,  and 
therefore  no  risk  of  such  an  increase  of  strain 
as  to  break  the  machine.  No  doubt  mftny 
of  our  readers  have  seen  numerous  eases, 
in  machines  which  possess  momentum  and 
have  to  pass  a  dead  center,  of  ruinous  ti-ao- 
lores,  due  to  some  impediment  which  has 
got  in  and  tended  to  stop  the  machine*  In 
•Qch  a  ease  there  is  an  instantaneous  oon* 


version  of  the  vis  rica  of  the 

a  force  which  often  becomes  disrapUfc* 

an   instance,  the  fractures  of  kk^A 

machines  may  be   taken ;  nor  are 

stances  uncommon  in  ordlmLnr  ( * 

chines.     There  is  no  remedy  lottkmi 

ty  other  than  to  adjust  the  streogft  I 

maohine  so  as  to   be  capable  of  m 

absorbing  the  vis  viva  of  il»  q«r 

parts.      This,    however,   cannot 

done.      Hydraulic   machined,   an  tike  i 

hand,  require  only  to  be  con^^inictad < 

of  bearing  the  normal  strain  of  the  i 

such  strain  cannot,  in  the  very  naliyt  4 

ease,  become  abnormal.     In  aU  > 

a  large  power  is  required  to   be  ^ 

small  area,  hydraulic   power  offers  i 

vantages,  as   small,    aoceasible, 

controllable  tools  of  inameose  i 

be  obtamed  ;  but  in  some 

in  the  work  modify  tkete  i 

as  to  preclude  this  siioceaelnl  i 

for  instance,  where  ii  ia  imperilive  i 

a  long  traverse  with  very  tittle  ' 

at  the  end  of  the  atroke.     In  such  a  < 

great  waste  of  power  would  preoMt  i 

arrangement,  except  in  ctam  when 

nience  was  a  paramount  qoesitteiiaBd  ] 

little  value.     It  is  in  de&tliig 

with  such  questiona  of  snitabiJitT  t^  ail 

engineer  can  show  hia  piuni  of  kti  ^    ' 

siou,  and  on  such  fields  do  ike  inaMeflt  if  lli| 

credit  meet  and  overthroir  tike  i 

tans  and  men  of  a  *•  grooTC." 


EXPLOSIONS  OF  Nrm>aTCERDlt 

From  **  Tho  Snisiii««r«'* 
Af)^r  referring  to   the    late   dialler 
Wales,    our   authority  proc<!«ds 
I  Our  object  is  not  now   to  diaensa  tit 
I  fruitful  question  of  what  brought  aVMt  ih 
disaster,  as   its   proximate    and   tnr""^^ 
cause,  but  to  offer  a  few  praettod 
with  a  view  to   prevent   ttie  uumriKS  d 
others,  based  on  a  somewbit  more  fMtf 
knowledge  of  the  properties  ^ihMmh^taKt§ 
Gonoemed  than   appears  poepsastd  bj  ^\ 
••oorrespondente"  of  our  Tarioita 
oraries,  or  by  anything  briTOglit 
**orowner." 

Since  the  introduction  of  ntlfi^jente  ] 
to  practical  use,  at  least  half  a  £m  ti^  I 
mendons  explosions  of  it  have  taken  ^s^  I 
in  Great  Britain,  several  in  AfinffiiA,  ta^  •  ^ 
few  in  Germany  and  Franoe.  Tb<tr^ 
in  destroying  life — with  eireiUBstefM  • 
sudden  and  inevitable,  and  iMKi  applB^S 
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I  deatli  by  lightning — ^haye  filled  the  im- 
1  of  all  who  have  listened  to  or  read 
loaita  of  them  with  inexpressible  dread 
[^ii  tremendous  agent;  and  it  is  quite 
that  at  the  motion  of  some  of  our 
AiTe  wise  men— of  the  kidney  of  those 
would  abolish  patents  because  they 
some  people  and  tend  to  produce 
Ita — some  attempt  will  be  made  to  in- 
I  the  use  of  nitro-glycerine  as  a  blast* 
[  agant  in  our  country ;  or  so  to  restrict 
oonditions  for  its  storage  and  transport 
ilo  diminish,  or  even  neutralise,  its  en- 
■MNia  advantages  to  the  quarryman,  the 
mori  and  the  tunnel-driver. 
We  do  not  for  a  moment  contend  that 
legal  and  police  regulations  as  to  its 
'fttion  in  storage  and  transport  are 
I  desirable ;  on  the  contrary,  we  say 
B,  (he  necessary  powers  for  codifying 
rendering  such  stringently  operative 
_  I  to  be  taken,  and  immediately  applied. 
B^  let  na  first  dearly  ascertain  what  such 
ngnlations  should  consist  in,  and  how  far 
Aej  need  go. 

u  nitro-glycerine,  like  tri-nitro-cellulosc 
cr  gim-ooiton,  be  badly  prepared — we  shall 
'not  here  go  into  any  chemical  particulars— 
ife  BUty  pass  into  a  state  of  incipient  decom- 
yition,  and  of  chemical  condition  so  un- 
•tnble  as  to  explode — as  we  may  popularly, 
bMt  still  not  with  philosophic  accuracy  ex- 
jreH  it— Hipontaneously. 

Against  this  the  only  real  safeguard  must 
be  tiie  skill,  fidelity,  and  reputation  of  the 
nannficturer ;  and  were  proper  means  taken 
to  prevent  extraneous  and  other  causes  of 
explosion,  the  makers  of  nitro-glycerine 
wcNild  see  that  it  was  to  their  own  interest 
to  send  out  nothing  but  such  as  was,  in  this 
lespeot  at  least,  safe.  In  fact,  we  have  no 
donbt  that,  as  far  as  any  tendency  to  ex- 
pkwion  of  this  sort  goes,  as  much  may  be 
done  for  nitro-glycerine  as  Mr.  Abel — fol- 
lowing after  von  Lenck  and  others — has 
for  gun-cotton,  which  once  had,  and 
Bwhat  justly,   a  bad  character  in  this 


Sat,  secondly,  let  us  ask,  on  behalf  of 
nitro-glyeerine,  is  it  to  be  supposed  that  more 
than  seven  hundred  years  ago— when  gun- 
powder first  be^an  to  be  practicallv  employ- 
ed aa  an  explosive  araent — that  there  were 
not  many  and  terrible  so-called  accidents  at- 
tending its  use  ?  Such  must  be  the  course 
of  events  with  any  new  and  powerful  agent 
suddenly  brought  into  poi)ular  handling; 
and  such  must  equally  tend  to  disapi)car  as 


popular  ignorance  gradually  gives  way  to 
rapidly  diffused  information  as  to  the  pro- 
perties of  the  newly-acquired  agent.  Well, 
what  remains,  then  ?  That  we  can  and  ought 
so  to  guard  against,  as  serpents,  the  proper- 
ties of  this  new  agent,  so  enormously  more 
powerful  when  exploded — and  as  exploding 
by  concussion,  so  unquestionably  more  dan- 
gerous than  gunpowder. 

To  sav  in  sufficient  detail  all  we  could  say, 
and  at  the  proper  place,  should  be  prepared 
to  say  on  this,  would  far  outstep  the  limits 
of  a  leading  article,  but  it  may  be  all  con- 
densed into  one  general  sentence — so  store 
and  so  transport  your  nitro-glycerine  that 
concussion  or  percussion,  internal  or  external, 
shall  become  physically  impossible,  and  so 
that  no  violent  or  extreme  change  of  tempe- 
rature, above  or  bdow  a  fixed  mean,  shall 
occur;  efiiect  that,  and  future  danger  or 
**  accident "  will,  to  a  groat  extent,  vanish. 

It  seems  but  little  generally  known  that 
the  wonderful,  and  even  yet  little  understood 
rapid  inversion  of  chemical  forces  called  ex- 
plosion, tends  to  propagate  itself,  by  mere 
shock  perhaps,  from  one  belated  mass  to 
another.  The  facts  observed  as  to  the  suc- 
cessive blowing  up  of  more  or  less  distant 
buildings  in  powder  mills,  when  one  onl^ 
has  been  first  exploded,  shows  that  this  is 
true  even  of  gunpowder,  an  agent  which  is 
with  great  difficulty,  and  only  under  certain 
circumstances,  caused  to  explode  by  percus- 
sion, as  Faraday  long  ago  showed.  But  it 
is  eminently  true  of  fulminates  properly  so 
called,  of  which  nitro-glycerine  is  one  ;  for 
though  explodable  either  by  sufficient  igni- 
tion or  heating,  it  is  far  more  readily  so  by 
any  violent  shock,  or  by  a  blow  from  a  hard 
body,  or  from  even  a  gas  evolved  at  great 
velocity,  as  from  a  percussion  cap. 

When  Mr.  Hennel,  the  operative  chemist 
at  Apothecaries  Hall,  London,  was  blown  to 
atoms  many  years  ago  by  the  explosion  of  a 
large  copper  dishful  of  fulminate  of  mercury, 
holding  several  pounds,  beside  which  at  a 
distance  of  several  feet  he  was  standing,  the 
explosion  of  the  whole  appeared  to  have  been 
induced  by  the  slight  but  sharp  impulse 
given  through  the  air,  by  the  explosion  of  a 
grain  or  two  of  the  fulminate  which  he  in- 
cautiously took  out  and  exploded  by  a  blow 
of  a  hammer  to  judge  of  the  quality  of  the 
mass  itself. 

Mere  subdivision  of  nitro-glycerine  into 
small  parcels — these  being  placed  tolerably 
adjacent  or  in  the  same  building — ^will  bo 
nugatory  as  any  safeguard  that  one  portion 
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or  cork,  or  other  more  snitable  and 

fctW  oompressible  material  inserted  flush 

eiroalar  sunk  race,  and  made  to  bear 

the  flat  edge  of  the  neck  of  the  ves- 

Tliis  plate  or  valve  should  be  pressed 

into  place,  and  held  there  by  a  screw 

upon  its  outer  surface,  and  passing 

I  a  HHshaped  bridge,  hooked  on  to  two 

ned  outside  the  neck  of  the  bottle. 

bottle  should  be  packed  into  a 

»iion  cylindrical  canister  with  a  cap, 

^  it  least  2-in.  or  3-in.  of  dry  elastic  saw- 

;^j^^  intervening  all  round  it,  and  each  such 

'\^^Nbd  canister  should  be  enveloped  always 

^^J%  thick  mat  of  **  gunny  bagging,*'  or  other 

^kip  elastic  material. 

We  cannot  extend  here  further,  though 
SHtth  more  remains  that  we  should  like  to 
jAL  However,  were  oven  the  precautions, 
L  we  have  here  rapidly  sketched,  taken, 
[  Maloiuly,  and  not  in  laziness  and  official 
m,  but  really  carried  out,  we  venture  to 
that  a  considerably  increased  length 
«f  timo  would  be  found  to  elapse  before  the 
■szt  blow-up  of  nitro-glycerine  should  occur ; 
•ad  whenever  it  shomd  we  would  hope  that 
ike  eoroner's  jury  verdict  would  not  be,  as 
ai  Carnarvon,  one  of  *'  accidental  death.*' 


SHRAPNELL  v.  SEGMENT  SHELL 

From  the  London  **  Times.*' 

There  are  three  distinct  parties  in  this  con- 
troreny;  First,  the  out-and-out  Segmentite, 
who  oonaiders  shrapnel  a  thing  of  the  past, 
aad  haa  not  the  slightest  faith  in  it  either 
as  a  shell  or  a  shot;  second,  the  rabid 
Bhrapnelite,  who  looks  upon  his  favorite 
projeotilo  with  the  fluttering  affection  with 
whioh  a  hen  regards  her  one  chicken ;  and 
eoDBiders  that  segment  shell  violates  every 
condition  of  scientific  and  practical  gunnery, 
and  IB  utterly  inadmissible  in  consequence ; 
third,  the  dispassionate  party,  who  are  pla- 
tonio  enough  to  view  the  contest  with 
nnrnflled  equanimity,  and  whose  chief  object 
if  to  set  the  best  thing  they  can  for  the  ser- 
Tiee,  irrespective  of  the  fact  that  it  is  the 
invention  of  Boxer  or  Armstrong.  Let  us 
aee,  now,  what  these  several  cliques  have  to 
njfor  themselves. 

The  Segmentite  usually  affects  to  be 
eminently  practical;  he  disbelieves  in  the 
elBeient  boring  of  time  fuses  in  action,  ridi- 
eoles  the  firing  of  such  projectiles  under 
noBt  of  the  circumstances  met  with  in  actual 
war,  and  calls  the  rifled  shrapnel  a  wooden- 
headed  piece  of  complication.     It  is  absurd, 


he  urges,  to  suppose  that  future  battles  will 
be  fought  over  ground  selected  expressly  to 
develop  the  merits  of  shrapnel  fire.  Troops 
will  be  more  or  less  protected,  the  soldier 
will  instinctively  seek  cover,  and  the  very 
key  of  the  position  on  many  a  battle  field 
may  be  a  rude  house  and  garden,  with  a  few 
hastily  thrown  up  entrenchments,  against 
which  the  fire  of  shrapnel  would  be  entirely 
thrown  away.  What  would  be  the  position 
of  a  general  under  such  circumstances  if 
provided  with  a  shrapnel  alone  ?  Must  he 
wait  for  his  siege  train  before  he  could 
attack  a  farm-house  ?  With  what  projectile 
are  we  to  attack  stockades,  abattis,  houses, 
villages,  woods,  field  earthworks,  and  war 
material  such  as  guns,  carriages,  and 
wagons?  Are  horse  artillery  when  acting 
with  cavalry  in  pursuit  of  an  enemy  to  be 
obliged  to  bore  and  fix  fuses  in  the  hurry 
and  excitement  of  action,  when  time  is  of 
the  greatest  possible  consequence  ?  Is  the 
No.  1  supposed  to  ride  with  his  pockets  full 
of  fuses,  and  the  gimlet  in  his  mouth  ?  Sup- 
pose the  man  with  the  bradawl  is  killed,  who 
is  then  to  '*  look  for  the  needle  in  the  bun- 
dle of  straw?"  The  segment  shell  can  be 
fitted  with  a  concussion  fuse  and  carried 
into  action  ready  loaded.  No  boring  and 
fixing  of  fuses  is  necessary.  The  gun  may 
be  served  as  quickly  as  with  shot ;  the  burst 
on  graze  facilitates  the  estimation  of  dis- 
tance, and  a  few  turns  of  the  elevating 
screw  is  all  that  is  required.  Look  at  the 
simplification  of  drill  under  these  circum- 
stances. The  soldier  has  nothing  to  look 
for  but  the  cartridge  and  shot ;  he  may  be 
the  veriest  tyro,  and  still  be  an  efficient 
gunner.  The  use  of  time  fuses,  on  the  con- 
trary, necessitates  careful  drilling.  A  man 
whose  fingers  are  all  thumbs  from  the  cold 
of  Canada  would  make  a  sorry  exhibition  in 
boring  a  time  fuse,  particularly  if  he  had 
only  been  partially  instructed,  and  in  case 
of  war  there  is  little  or  no  time  in  which  to 
instruct  the  recruits  sent  out  hurriedly  to 
replace  casualties  in  the  ranks.  Such  we 
may  suppose  to  bo  the  chief  arguments 
advanced  by  the  out-and-out  Segmentite. 

To  him  the  rabid  Shrapnelito  rc)iiics  : 
The  shrapnel  shell  is  constructed  on  true 
principles,  which  cannot  be  said  for  the  seg- 
ment. Such  a  fire  is  more  independent  of  a 
correct  knowledge  of  range  and  configura- 
tion of  ground  than  any  other.  It  is  mani- 
fest that  it  matters  not  to  the  shrapnel  shell, 
bursting  as  it  docs  in  the  air,  whether  the 
ground  bo  hard  or  soft,  smooth  or  broken, 
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undulftting  or  flat.  The  action  of  the  ood- 
cuBsion  segment  depends,  on  the  contrary, 
on  the  nature  of  the  particular  spot  struct. 
If  that  be  the  side  of  a  hill,  the  projectile 
enters  the  ground,  and  the  effect  is  merely 
ft  shower  of  earth ;  if  it  he  a  soft  morass,  the 
shot  buries  itself  in  the  spongy  ground. 
To  obtain  good  resulta  from  segments  it  is 
necessary  to  burst  the  shell  close  to  the 
object,  and  there  is  a  greater  chance  or 
probability  of  oversight  in  the  correct  elew 
tion  of  the  gun  than  there  is  in  the  true 
boring  of  a  fuse  where  a  certain  limit  of 
error  is  admissible.  The  velocity,  again,  of 
the  segments  will  he  materially  diminished 
by  the  shell  striking  the  ground,  and  the 
comparative  effects  will  be  less  than  in  the 
case  of  a  projectile  bursting  in  the  air 
unchecked.  The  spherical  bullets  of  the 
shrapnel  meet  with  much  less  resistance 
from  the  air  than  the  irregularly  fornaed  seg- 
ments. The  fire  of  shrapnel  is  much  more 
formidable  than  eegment  against  troops  in 
the  open  field,  either  as  skirmishers  or  in  line, 
and  although  segment  &hell  may  under  cer- 
tain circumstanceg  have  a  seeming  advantage, 
the  result  is  generally  to  be  attributed  to 
accident.  Troops  under  cover  must  be  dia- 
lodged  by  special  means ;  common  shelia  must 
be  **  lobbed  "  so  as  to  render  their  retreats 
untenable.  All  such  defenses  as  pahs,  stock- 
iMleSf  abattis,  earthworks,  etc.,  must  be 
attacked  by  common  in  conjunction  with 
shrapnel  sbeO,  The  boring  and  fixing  of 
fuses  is  a  mere  matter  of  drill ;  in  the  old 
smooth-bore  days  no  difficulty  was  expe- 
rienced, and  there  is  no  evidence  to  prove 
that  the  race  of  gunners  has  degenerated, 
or  that  we  have  now  less  of  the  coolness 
and  intrepidity  for  which  the  regiment  has 
ever  been  justly  celebrated.  This  soldier- 
like quality  is  assuredly  present  amongst  us 
to-day  as  formerly.  There  is  no  reason 
why,  with  an  efficient  system  of  drill, 
shrapnel  shell  should  not  be  fired  just  as 
quickly  as  shot.  It  is  an  error  to  suppose 
that  heavy  infantry  or  cavalry  colnmns  will 
ha  massed  on  future  battle-fields  ;  on  the 
contrary,  the  troops  are  more  likely  to  be 
moved  in  open  order,  and  with  an  extended 
formation,  to  enable  them  to  use  with 
greater  effect  the  improved  weapons  of  the 
present  day.  We  shall  have  shallow  forma- 
tions combined  with  a  rapid  system  of  light 
infantry  drill.  Against  such  an  order  of 
battle  the  fire  of  shrapnel  will  tell  with 
deadly  effect*  On  the  other  hand,  if  con- 
eusston  fuses  are  found  to  be  most  effective 


against  troops  in  oolamn,  there  tf  i 
to  prevent  their  use  with  shrapnel  i 
Having  heard  the  argmn^nU  oa I 
the  moderate  party  may  be  iuppoM^ld 
the  following  conclusions  :     SLrapadj 
when  served  with  delibrrmtioti,  «,  C 
more  effective  than  eegmeoi  alieU  i 
tain  conditions.     On   the  oUier  ' 
segment  shell  fitted  with  m  oooe 
is  always  ready  to   hand,  sod  hi 
more   simple   and    decidedlj 
shrapnel.      Probably    two 
with  a   simple   concomcni   fti»#i 
bought  at  the  price  of  <ni«  stifspatL 
segment  shells,  when  fired  witA  earn 
fuses,  have  proved  themaelYea  fiiy 
able  projectiles  against  abattis,  gam^  i 
ades,  and   troops   under   the 
walls  and  breastworks.     Il  ta  vt fj  i 
able  that  the  leaden  bullets  of  tbt  i 
would  have  much  effect  in  ouUrOf  I0 1 
the  wheels  of  gun  oarriam  or  Ibe  i 
a  stockade.     We  haTe  m-ed  aegno 
with  concussion  fuses  in  real  warbf«,l 
all  the  officers  who  have  UB&d  ihera,  «  < 
nesaed  their  use,  speak  moat  ht^ly  ia  iWrJ 
praise.     It  is  notoriona  thai  boll  tht  P 
eians  and  Prussians  look  on  ahraftotl 
with  disfavor;  even  the  Aostrtaiia,  wl 
a  pattern  almost  identical  wiih  oarimm,! 
said  to  have  considerably  reduced  tl^if^l 
portion   of  shrapnel  carried  by  Uwtr  IcUl 
batteries.   Now^  this  course  haa  beaniiifltii| 
not  from  the  resulta  of  a  ^re  a^iaul  1 
mate  two- inch  wooden   planka,  liQt  igi^  I 
warm   flesh  and  blood ;    and,  althoap  vt  I 
may  have  our  insular  prejudi^ev 
ing  or  regarding  the  opinion  of  L._^ 
we  should  proceed  with  due  caufioa  m4#j 
nothing  hastily.     The  Boxer  shrafaeliaatj 
admirable  projectile,  and  we  ara  jaally  in«l  I 
of   the  inventor,  but  will  U  aalifEfy  all  iW | 
requirements  of  serrice  ?  If  we 
exclusive  employment  of  ahrafiiftfl,  an  vtj 
right,  and  all  the  real  of  tbe  worU  vraqgri 
On  the  other  hand,  auppoae  both  are  nght ' 
would  it  not  be  advis^bto  to  hare  namt  ^ 
both  projectiles  ?  No  doubt  bjadcpttaftlai 
course  we  shall  please  oeitbar  the  theMgl 
going  Segmentite  nor  the  rabid  SpnfMliitf 
but  what  then  7  Wc  have  no  pecNOal  bliv 
est  in  either  8lr  Wm«  Arnwlramjor  Coteal 
Boxer  beyond  a  siooore  adadMlOB  te  ifc* 
talents  of  both.     Our  object  la  Co  ailf^  At 
best  projectile  we  ean  for  the  aerfice,  in<* 
spective  of  its  maker.      Wbkh  waahl  il  ^ 
best  to  have — ahrapuelt  ootnuioa  ibelli*^ 
case;  or  shrapnel,  aegncnt  slidl  aeda*' 
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LONDON  STREET  RAILWAYS. 

JH  a  fAp*'  b«fbr«  tbe  loTenton  Inctitote  by  Mr. 
TbM.  MeMABi,  A.  I.  C.  E. 

After  flieiitioiiing  the  sacoessful  attempts 
^Vr.  Train  and  others  to  establish  street 
jfaraja  in  London,  and  describing  the  routes 
'tke  tkree  roads  now  projected,  in  all  6^ 
Bm  of  doable  and  6}  miles  of  single  line, 
b  utkor  says :  Thb  early  tramways 
Mttr'to  have  been  constructed  in  the 
fltpiwing  manner :  Cross  sleepers  of  timber, 
Me    6  ft.   long,  and  varying  from  6  in. 

8  in.  sqoare,  were  fastened,  by  tree- 
ib  or  other  means,  4  ft.  apirt.  Up- 
.  diese  planks  two  wrought-iron  angle- 
llee,  about  4  in.  wide,  and  1^  in.  thick, 
ve  firmly  secured.  This  construction  evi- 
mtij  affords  all  the  mechanical  advantages 
al  are  derived  from  tramways  of  more 
i0Bi  date.  The  tramways  laid  down  by 
r.  Train,  in  1861,  in  London  and  else- 
lere,  and  which  were  similar  in  construc- 
in  to  the  most  improved  trams  then  in  use, 
d  whioh  continue  largely  to  be  in  use  in 
ne  of  the  principal  cities  of  the  United 
atea,  consisted  of  two  wrought-iron  plates, 
sh  5  in.  wide,  weighing  50  lbs.  to  the  yard, 
d  bent  at  near  the  center  to  a  depth  of  |  in. 
k»w  the  general  level  of  the  road.  These 
lies  were  fixed  to  longitudinal  timbers, 
ibedded  on  concrete,  and  the  gauge  of  the 
m  ma  that  of  ordinary  railways— 4  ft.  8 J 
These  trams  proved  dangerous  and  ob- 
•netive.  The  construction  of  the  improved 
unways  now  proposed  is  as  follows  :  For 
igle  unes  of  tramway,  two  flat  wrought- 
n  plates,  each  SJ^  in.  wide,  weighing  40  lbs. 
ilie  yard,  with  an  indented  channel  1^  in. 
da,  and  I  in.  deep,  placed  on  one  side  of 
a  center  line  of  the  plates,  are  to  be  fixed 
bolts,  or  otherwise,  to  longitudinal  timbers 

tbe  width  of  the  plates  placed  at  such  dis^ 
noea  apart  as  to  give  4  ft.  8 J  in.  for  the 
nee  of  the  line.  The  timbers  are  to  be  em- 
idaed  in  concrete  9  in.  deep,  and  are  to  be 
6  in.  or  9  in.  in  depth,  according  to  the  size 
tbe  pitching  used  for  the  roadway.  Tie- 
rs of  thin  wrought-iron,  connecting  the 
Bgitudinal  timbers,  are  proposed  to  be  plac- 

at  intervalH  of  4  ft.  The  space  between 
A  on  either  side  of  the  tramways  is  to  be 
Ted  with  granite  pitching.  In  the  case  of 
■able  lines,  the  intermediate  way  between 
B  trams  is  to  be  4  ft.  wide,  and  the  whole 
aoe  from  11  in.  on  either  side  the  outside 
lis,  equal  to  17  ft.  is  to  be  paved  the  en- 
!e  wiuth.  In  other  respects  the  double 
Vol.  I.— No.  9—52. 


line  is  of  identical  construction  with  the 
single  tramway.  The  estimated  cost  for 
the  paved  single  tramway  is  £6,000  per  mile, 
and  for  the  double  tramway  £12,500  per 
mile.  Another  form  of  rail  (known  as  the 
**  crescent  rail  **)  has  been  used  for  tramways 
to  a  limited  extent,  but  it  is  considered  much 
inferior  to  the  rail  before  described,  and  is 
not  likely  to  be  much  adopted.  It  consists 
of  a  curved  plate  of  wrought-iron  about  2^ 
in.  wide,  and  weighs  24  lbs.  to  the  yard. — 
The  grooves  for  the  flanges  of  the  wheek  are 
partly  formed  by  the  granite  pitching,  which 
cannot  but  be  considered  a  very  imperfect 
contrivance.  In  the  American  system  of 
tramways  the  longitudinal  timbers  are  tied 
together  by  4  in.  planks  instead  of  with  iron 
bars,  the  planks  being  placed  under  the 
longitudinal  timbers.  In  other  respects  the 
American  tramways  vary  but  little  in  con- 
struction from  the  tramway  described.  The 
rails  first  nsed  were  similar  in  form  to 
Train's  rail,  and  were  now  in  a  great  meas- 
ure superseded  bv  the  improved  rail.  The 
carriages  proposed  by  the  London  tramwavs 
are  to  weigh  33  cwt.  The  length  of  the 
body  of  the  carriage  is  to  be  16  ft. ;  the 
width  over  all,  6  ft.  8  in.  They  are  to  carry 
fifty  passengers,  and  are  to  be  so  constructed 
as  to  give  1  ft.  greater  space  between  the 
seats  than  is  given  by  the  omnibuses  now  in 
use.  The  maximum  rate  of  fare  is  to  be 
one  penny  per  mile  for  distances  above  three 
miles,  and  3d.  is  to  be  the  least  fare.  The 
rate  of  traveling,  including  stoppages,  is  to 
be  six  miles  per  hour. 

Tramways,  said  Mr.  Measam,  would  doubt- 
less give  easier  traveling  and  more  com- 
modious conveyances  than  are  to  be  obtain- 
ed at  present,  but  here— excepting  that  the 
tramway  companies  are  to  maintain  a  portion 
of  the  public  roadway  over  which  they  pass 
— the  advantages  of  tramways  seem  to  cease. 
It  is  surmised  that  a  line  of  carriages  pass- 
ing to  and  fro  every  three  or  four  minutes 
in  one  undeviating  line,  claiming  priority  of 
way,  and  scattering  the  general  traffic,  can- 
not but  be  productive  of  annoyances,  to  say 
nothing  of  the  obstacles  which  the  rails  may 
cause.  It  is  much  to  be  doubted,  Mr. 
Measam  thought,  whether  all  the  disadvant- 
ages resulting  from  Train's  tramwav  were 
alone  due  to  the  rail  used  by  him — which,  it 
must  bo  remembered,  had  been  in  use  for 
some  time  in  the  United  States— or  whether 
they  were  not,  in  a  great  measure,  insepara- 
ble from  the  working  of  the  tramways  on  a 
roadway  of  mixed  traffic.    Further  objections 
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to  the  iiitroductioii  of  traniwajs  start  up  m 
the  farm  of  difficultieH  put  in  the  way  of  con- 
nctjlmg  hunscs  m  their  line  of  route  with  the 

f\B  and  water  uminH  and  with  the  »ewers. 
at  the  chief  objection  to  street  tramways 
as  proposed  to  be  introduced  seems  to  be, 
that  iudividuab  acrpiire  privileges  and  rights 
in  the  public  highways  not  possessed  by  the 
eonnnuuity  at  large,  and  that  the  public  pro- 
perty is  appropriated  for  the  use  and  trading 
purposes  of  private  Bpeculators.  Although 
Boine  strong  measure  was  necessary  to  destroy 
the  existing  monopoly  in  metropolitan  street 
passenger  conveyance,  to  bring  this  about  by 
so  great  an  intcrfGrence  with  the  public 
rights  as  the  permitting  of  individuals  to 
construct  permanent  works  on  the  public 
highways,  is  a  remedy  likely  to  produce 
worse  evils  than  those  it  is  intended  to  re- 
move. 

There  is  another  consideration  in  favor  of 
tramways,  however,  and  that  it*  the  reduction 
of  friction  resulting  from  their  use.  On  a 
good  paved  road  the  force  of  traction  is  about 
24  lbs.  for  every  ton  weight  of  carriage,  in- 
cluding, of  course,  the  load.  On  a  tramway 
it  may  be  taken  at  8  lbs,  per  ton,  giving  a 
mechanical  advantage  to  the  tramway  on 
level  surfaces  of  3  to  1.  On  inclines  the 
ftdvantat^c  rapidly  decreases^  and  on  a  gra- 
dient of  1  in  20  (which  it  is  believed,  is  the 
steepest  Incline  there  is  on  the  proposed  me- 
tropolitan tramways)  the  difference  of  the 
force  of  traction  on  a  tramway  as  compared 
with  a  paved  road  is  only  as  117  to  lUU. 
Practically,  it  may  be  considered  that  a 
horse  on  a  tramway  will  do  the  work  of  two 
horses  on  an  ordinary  road.  The  practical 
advantage  of  street  tramways,  therefore, 
eeems  to  resolve  itself  into  the  fact  that  the 
same  amount  of  traffic  can  be  conducted  at 
one  half  the  expenditure  of  horse  power 
necessary  on  an  ordinary  road.  This  ad- 
vantage is  purchased  at  the  cost  of  the  con- 
struction of  the  tramways,  and  the  main- 
tenance of  a  large  portion  of  the  highways. 
The  estimated  cost  of  the  tramway  from 
Whitechapel  to  {Stratford  is  jC45,(K)0,  ok- 
eluding  coach-houses,  stabling,  etc.  The 
annual  expense  of  maintaining  the  highway 
the  company  is  bound  to  keep  in  repair,  as- 
suming the  cost  at  one  shiUing  per  yard, 
would  be  about  j£  1,600.  On  the  other  hiind, 
aBsumiug  1*20  horses  to  be  the  number  re- 
fjuired  for  conducting  the  traffic,  there  would 
be  a  set-off  against  the  above  specified  ex- 
penditure of  the  value  of  this  number  of 
horses*     Considering  that  commodious  car- 


riages are  not  neooesarily  retuiiy  f 
railway  t*ystei»,  the  omwhu*  prt    ' 
not   nmch   fear  the  rivalry  flf  thi  \ 
companies.     That    tramways  wt 
suited  for  omnibus  trafl^c  none  Wi 
proprietors  would  deny,  and  if  H 
the  public  roads  is  to  be  set  *ifld«  fall 
traftic,  no  better  mode  of  coiwltk 
by  tramways  could  be  devised  j  hilH 
ing  the  different  kinds  and  ih«l 
of  traffic  that  has  to  h«s  : 
the  various  Ufwa  to   which  the 
arc   necessarily   applied,   Mr, 
sidered  it  would  be  more   griMnUj 
ageous  to  restrict  the   eoii&truciMi&  iAi 
ways,  B^  has  hitherto)  been  the  mU,  ( 
roads  as  their  promoters  bmnz 
right  to  use. 

In  the  discussion  which  foUwirfd  \ 
ing  of  the  paper*   the    cb:iin.trvn 
with    regard    to   the  m* 
were  unsuited  to  the   waij,.  . .  : 
large,  although  thej  mii^lil  arff 
be  adopted  in  such  wido 
were  to  he  found  on  the  Surrey  ti6t. 
Cheapside  tramH  wonld  b«  out  of  i 
tion.     He  wafl  practically   ii^a 
the  working  of  Train*fl  trauiny* 
and  he  was  bound  to  aay  thai  therr  ^ 
the  Hlightetit  ground  for  fiaying  that  i 
ctdent  waK  caused  by  the  |troJ6cdiii2  ([Un 
inch)  of  his  rails.     There  was  mi  i 
an  the  breaking  of  gfR*d  axlej  by 
the  rails,  but  four  or  five  p«*ople  ' 
ally  paid  to  take  broken-down  ea 
bad  axles  and  bad  springs,  and  i 
over  and  over  the  rails  until  they  I 
had  a  **  smash."     There  was  no 
difficulty  in  the  way    of  makbf 
\  Bucceed,    but   the    Legislature 
chairman  thought)  be  belter  \ 
gave  powers  to  make  increaaed 
accommodation  rather  than  to  < 
ways.     Mr.  G.  W.  Keid,  tram  . 
that  on  that  continent  there  ' 
15,000  miles  of  tramway  attbe] 
In  Boston,  a  city  built  on 
model    as    London,   with 
streets,  tramways  were   laid  to  i 
cipal  8treei5,  and  worked  with  per 
in    thoroughfares   not   wider 
misnamed  Broad-street    City,  at 
not  one  street  in  Bost^m  in  whi« 
were     laid    down    wider    than 
Where  the  streets  ran  parall**!  and 
0U8  to  each  other,  the  *'  up  "  ltn«  \ 
along  one  street,  and  the  **  down ' 
another*    Mr.  Ureaveg,  a0  eni 
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iB  just  sanotiDDcd  bj  tlio  scket 
adverted  to  the  excessive  cost 
gettmg  private  bills  for  public 
lUgh  FarlianiGiitf  and  gald  that 
Lt  tr&mwjiys  were  uudoubtodlj 
Qs)  he  did  not  see  why  vestries 
:>oards  should  not  l&y  down  tbeae 
lej  had  the  power  to  pa?e  the 
rhat  manner  they  pleased ;  then 
aake  a  portion  of  the  paving  to 
ron  trams  with  grooves  in  them  ? 


A  ENGIKE  PERFORMAKCE. 

Farcy  and  Donkin  have  recently 
i  remarkably  thorough  and  com- 
ezperiments  in  this  direction , 
qnoted  and  discussed  in  the  Lon- 
.  The  following  are  the  partien- 
10  eommcntB  of  '*  Engineering"  : 

bti  Mr.  Farey  and  Mr.B^  Donkin^  jun.^ 
^cmbh*C}flind<r  Jacktted  Condenaing- 
tm  Engine  of  SO-Aor*f  pouitr  nominate 
d  fry  Mettrt,  B,  Ihnkin  and  Co,^  Btt^ 
L'OTtditTt* 

araeter  of  cyKnders  24  in.  1 
nd  K)^  in.,  havitig  itrokiis  I 
s*«IH*clivoly  4  ft*  6  in.  and  3  | 
t.  31  in.  > 

ifirs<?-pnwpr,   taken    with  \ 

itora ,  drnprraTn  ta  km  every  >   46 , 2 1  H  P- 

,  work  very  constant ) 

steam  in  boiler  hoofle  by  ' 

gauge,  taken  every  half 
t  very  constant,  mean... 

steam   in  engine  house 

ry  half  hour,  mean 

experiment 

of  engine  per  minute,  by 

nean  speed 

t  condenser  by  mercurial 
saa 


Stroke  of 

crank 
4  ft.  e  in. 


40.9  lbs. 

401  lbs. 
10  hours. 
82.48  rev. 


27  in. 


68° 


36.64<» 


l< 


'  Going  in  from  a  deep 

artesian   well    quite 

constant 

Coming    out,    taken 

photographically        S   89.64® 

mean ) 

Degrees  of  heat  put ) 

into  condensing  wa-  > 

ter  or  rise ) 

'  Quantity  of  water  per 

min.,  measured  over 

a  tumbling  bay  6  in. 

wide,  height  record- 
ed photographically, , 
'  Lb. -degrees  per  min.,  ^ 

or  units  of  heat  408.-  >  14,920  lbs. 

82  lbs.  X  80.64°  ....  V 
Lb. -degrees  per  min.  \ 

per  indicated  horse-  (  ooo  qy  ik- 
14,920  [322.87  lbs. 


408.32  lbs. 


3  J?  }  Token  orcry  quarter  hour, 
^f\   hour,  moan ,,..,..  207° 


Total    poundi   accurately 

>   weighed 1,7834  Iba* 

Pounds  per  miuule  ..•-.-    2.97  Ibi, 


Taken  etery  ten  minutes, 
mean. 744^ 


^  f  Total  water    evaporated  in 

I    pounds ...10,4041  Ibi. 

^  \  Pounds  per  hour , .  • .  1 ,040-4  Ibfl. 

^  { Pounds  per  rolnute 17.84  Iba. 

Description  of  boiler;  vertical  tubular* 
Total  quantity  of  coak  burnt ^  aceur-  \ 

ateiy  weighed  (quality  of  coals—  I 

Welsli,  but  very  inferior,  great  deal  j 

of  dirt,  Bhales,  cinden^^  and  cl Inkers  J 
Founda  water  per  pound  coal  burnt,  or  } 

efficiency  of  boik?r  with  thi^  coal . .  j 

Pounds  coal  per  LHP.  per  hour. 2.61  Ibi, 

Pounds  water  evapc^rated  frtim  tern-  \    ^^  f-*  yu^ 

perature  of  74f  ffor  LHP.  i»er  hour  J   ^  '^^  ***' 
Expanston  with  steam  cut-off  at  about  S 

y^th  stroke  in  tsaiaU  cylindtTj  allow-  1 

log  for   piiHaag<^    and    clearances,  1 

about .,....«.,  ^  ...,«*., J 

Number  of  indicator  diagrams  taken,  1 

four  always  taken  simidtarieoiisly,  I 

two  at  tcjp  and  two  at  bottom  of  the  [ 

two  cylinders j 

Temperature  of  outer  air,  fine  day  .... 
Temperature  of  steam-engine  house,  > 

mean -• ;  ) 

Height  of  barometei 

Tallowed  cylinders  twice,  !{  pints  tallow  used, 
also  1  pint  of  oil  for  all  other  parts. 

This  same  steam  engine  indicated,  when  numing 
empty,  including  cold  water  pump,  was  found  to 
take  8^  indicated  horse-power. 

Other  experiments  on  this  engine  gave  a  result  of 
about  800  pound-degrees  at  ^th  cut-off  in  the  high 
pressure  cylinder,  instead  of  823  pound-degrees  at 

^th5. 

In  this  experiment  the  vertical  boiler  evaporated 
only  8.72  lbs.  water  per  pound  of  inferior  Welsh 
coal,  but  in  other  experiments  on  the  evaporative 
power  of  this  boiler,  when  using  a  better  quality  of 
Welsh  coal,  and  evaporating  double  the  quantity  of 
water  in  the  same  time,  tlM  result  was  10.01  Iht* 
water  per  pound  coai,  with  feed  water  at  61^  tem- 
perature. Had  this  been  the  case  in  the  above  ex- 
periment, the  quantity  of  coal  consumed  would  have 
been  2|  lbs.  of  coal  per  indicated  horte  power  per 
hour. 


1,204  lbs. 


8.72  lbs. 


11  tol 


M 


67^ 
76<» 
80  in. 


power  — 


46.31 


The  trial  was  conducted  throughout  with 
great  caro,  four  engineers  being  employed 
to  take  indicator  diasrams  simultaneously 
from  the  upper  and  lower  ends  of  the  two 
cylinders  every  half  hour ;  while  a  fifth  en- 
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ginecr  checked  the  registration  of  the  pho- 
tographic apparatus  by  noting  every  quarter 
of  the  hour  the  rate  of  flow  and  temperature 
of  the  water  from  the  hot  well.  A  sixth 
eogineer  observed  the  boiler  pressure,  and 
kept  account  of  the  weight  of  cool  used ; 
while  a  seventh  measured  the  quantUv  and 
temperature  of  the  feed-water,  and  an  eighth 
recorded  the  quantity  and  temperature  of 
the  water  drawn  from  the  stearo  jacket. 

The  rpsultB  above  recorded  are  of  great 
interest^  and  bj  analyzing  them  we  shall  be 
enabled  to  show  approximately  the  manner 
in  which  the  heat  generated  by  the  combus- 
tion of  the  fuel  is  disposed  of.  In  the  first 
place  we  may  assume  that,  as  the  coal  was 
of  inferior  quality,  it  would  not,  on  an  aver- 
age, be  capable  of  yielding  more  than  about 
13^500  units  or  pound-degrees  of  heat  per 
pound  consumed ;  and  as  the  rate  of  con- 
sumption was  almost  exactly  2  lbs,  per  min.^ 
we  may  fairly  take  27,000  units  of  heat  per 
miuute  as  the  gross  quantity  of  heat  theo- 
retically available.  The  quantity  of  water 
evaporated  per  minute  is  given  as  17*3-4  lbs., 
this  water  being  converted  into  steam  at  a 
pressure  of  40.9  Iba.  above  the  atmosphere. 
The  total  heat  of  ateam  at  this  pressure  is 
1/201. a,  or,  say,  1,2014*=*,  and  as  the  feed- 
water  was  supplied  at  a  temperature  of  74  J**, 
each  pound  of  water  in  being  converted  into 
steam  would  absorb  1 /JO  1^74  J  =1,127  units 
of  heat;  and  the  total  amount  of  heat  thus 
absorbed  per  minute  wo*ild  be  1, 127x17*34 
^19,542.18,  or,  say,  11>,542  units.  Again* 
if  we  assume  24  pounds  of  waste  gases  to 
be  evolved  from  the  furnace  per  pound  of 
fuel  burnt,  and  further  assume  that  the 
specific  heat  of  these  gases  is  .24,  and 
that  they  were  discharged  into  the  chimney 
St  a  temperature  of  400''  above  that  at 
which  the  air  was  supplied  to  the  fire  (all 
fair  assumptions),  wo  get  2 X*-24X. 24x400 
=  4,608  units  as  the  quantity  of  heat  car- 
ried off  per  minute  by  the  waste  gases,  We 
can  thus  approximately  account  for  the  heat 
generated  per  minute  by  the  combustion  of 
the  coals,  as  follows : 

Thermal 
tin  its, 
Heat  absorbed  by  tbe  generation  of  steam,    l*J/>42 

Heat  carriiHi  off  by  waste  gases 4,60i8 

Heat  lost  by  ra^liarion,  irn  perfect  combTw- 

tioii,etc.. 2,850 

Total 27,000 


Of  the  17,34  lbs.  of  steam  produced  per 
minute,    2.07   lbs*    were    condonsod  in  the 


steam  jacket  and  di^char^f  J  ai  nil 
temperature  of  207*".  0/  iht  liei 
condensed  in  the  jacket,  mk  tun 
gave  up  L201,6^  — 207*'==mfii 
heat,  and  multiplying  this  cxtiiiW 
we  get  2,953.962,  or,  uaj,  tM 
I  number  of  unita  o$  heat  ^t 
up  by  the  eteam  jacket.  1'>" 
steam  admitted  into  the  ^ 
gine  (supposing  no  eon ; 
taken  place  on  the  w&j  1>  ih  i 
would  be  17.34  —  2.97  =  U.a 
minute,  and  as  the  steam  wu 
diseharged  into  the  hot-w^II  ai 
temperature  of  89.54^,  etch  pq 
have  had  abstracted  from  it 
through  the  engine  l,20UtJ — J^W 
06,  or,  say,  1,112  nnit€  of  bfttt* 
have  14,37  X  Ml2=la9T9  4 
15^979  units  as  the  quu  | 

OQt  per  minute  by  the  Bt* „^,,  .>.,y 
age  through  the  engine «  *tid  idi 
the  2,954  unitst  given  up  by  tWnl 
we   have  a  total  quantily  ai  ll 
per  minute  to  be  accounted  for. 

It  will  be  noticed  th«l  iImi 
beat  just  ti  '  d  is  lem  h 
than    that  I    in    the  n 

steam,  this  deficit  being  csoMiT I 
being  drawn  off  from  tbd  eloia 
discharged  from  the  hot*well  at 
peratnres  than  it  Is  i^uppHed  in 
I  Thus  the  2,97  lbs.  of  water  with 
the  steam  jacket  had  a  tp^iti.  f-ttJ 
or207— 744-132^  ],  m 

the  feed;  and  2.97  X  !•>- - 
say,   393  J    unit«    are    thtui 
Again,  the  condensed  at* 
had   a   temperature  of 
higher  than  that  of  tbe  fecd^  onj 
ing  this  by  the  weight  of  jsieauo 
the  hot'well  per  minuto,  we  get 
37  =  210.1248,  Of.  gay»  216  ttati 
posed  of,  a  quantity    whieh, 
3 9 3, I  units  above  accoiinti?4  for, 
+  3934  =  f)U94  units,  or  half 
than  the  deficit  above  inentionrdi 
cropanoy  of  half  unit  is  of 
the  decimal  parta  of  an  unit 
ed  in  our  former  caleuljUtooa. 

To  return  now  to  the  l^,9is 
per  minute,  which  have  to  b^ 
In  the  first  place,  n»  the  engine  1 
ing   46.21    horse-power,  A^il  : 
1,624,930  foot-poundfl  of  work 
performed  per    minute,    n^d   dj 
number  by  772  ^ 

1,975   a»  the   n< 
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otf  heat  transformed  into  work.  Next, 
la  seen,  on  reference  to  the  report  of 
CKiteriments,  that  408.32  lbs.  of  water 
^laeharged  from  the  hot-well  per  min., 
■nbtractiog  from  this  quantity  the  14.- 
*>V>ii.,  resulting  from  the  condensation  of 
passed  through  the  engine,  wo  get 
lbs.  as  the  actual  quantity  of  water 
was  nuscd  in  temperature  36.54°; 
Jf88.96X36.54  =  14,394.933,  or,  say, 
units  of  heat  per  minute  are  thus 
^^g^Ninted  for.  We  may  thus  say  that  the 
^^Jtt  units  of  heat  per  minute  were  dis- 
,  ^^[•■•d  of  MB  follows  : 

Thermal 

4nated  into  work 1,975 

J^irted  to  coDdeDsiiig  water 14,«S95 

(«( by  radiation,  etc 2,5C8 


Total  . 


18,938 


The  summary  is  a  very  striking  one.  It 
Aawa  that  even  in  an  engine  of  thoroughly 
good  design  and  workmanship,  working  with 
wbftfc  u  considered  a  very  low  consumption 
of  fiiel,  but  about  10.4  per  cent  of  the  total 
smount  of  heat  parted  with  by  the  steam  is 
eoBTerted  into  useful  work,  whilst  rather 
Ofer  76  per  cent  is  imparted  to  the  condens- 

a  water,  and  about  13}  per  cent  lost  from 
ation  and  other  causes. 


TEST  OF  AGRICULTURAL  STEAM 
ENGmE& 

A  eorrespondcnt  of  "  Engineering,"  un- 
der the  head  of  ''Steam  Cultivation  and  K. 
A.  S.  £.  Prizes,"  writes  as  follows : 

That  steam  cultivation  is  approaching 
success,  no  one  who  has  watched  the  various 
phases  it  has  passed  through  can  doubt,  but 
up  to  the  present  moment  it  can  scarcely  be 
ealled  triumphant,  and  the  reason  seems  to 
me  simple.  Horse  work  upon  a  farm  con- 
Hsts  not  merely  of  ploughing  and  cultiva- 
ting, but  also  of  a  vast  amount  of  cartage  in 
drawing  out  manure,  bringing  home  crops, 
taking  produce  to  market,  and  bringing 
baok  Ume  and  other  artificial  manures  from 
the  railway  station.  Now  until  a  steam 
enpne  is  able  to  do  the  heavy  part  of  this 
work,  in  addition  to  ploughing,  none  but 
Urve  and  wealthy  farmers  or  rich  amateurs 
will  be  able  to  enjoy  the  luxury  and  the 
benefit  of  a  steam  plough.  For  a  steam  en- 
gine to  be  a  thoroughly  economical  farm 
mplement,  it  must,  in  fact,  be  able  to  exer- 
cise economioally  three  distinct  functions. 


1 .  It  must  be  suitable  to  drive  thrashing 
and  other  farm  machinery. 

2.  It  must  be  able  to  plow  and  cultivate 
efficiently. 

3.  It  must  be  a  good  and  handy  traction 
engine,  able  to  draw  heavy  weights  along 
the  roads,  and  to  haul  out  manure  during 
dry  and  frosty  weather,  to  suitable  central 
positions  on  the  farm.  , 

But  up  to  the  present  time  we  have  no 
engine  that  will  perform  these  three  things 
economioally.  We  have  engines  that  will  * 
do  two  of  them,  but  none  that  will  do  all 
three.  Aveling  and  Porter  make  a  very 
efficient  although  heavy  traction  engine, 
which  will  also  drive  £a,rm  machinery,  but 
they  are  non-plussed  when  they  come  to 
ploughing.  Fowler  and  Co.,  Oarrett  and 
Sons,  and  Iloward  &  Co.,  make  good  enough 
ploughing  engines,  which  will  also  drive  or* 
dinary  farm  machinery,  but  they  are  beaten 
when  they  attempt  to  work  as  economical 
traction  engines. 

The  Royal  Agricultural  Society  of  Eng- 
land  must  move  onwards,  by  offering  a  pre- 
mium for  an  engine  which  shall  subserve  all 
three  purposes.  But  unless  the  conditions 
on  which  the  award  is  to  be  made  be  very 
carefully  considered,  the  object  will  not  be 
attained. 

It  must  be  evident  to  any  one  that  the 
prime  cost  of  the  machinery  is  a  very  mate- 
rial element,  but  unless  some  data  are  given 
to  fix  the  cost,  an  unscrupulous  maker  may 
call  his  engine  such  a  power  and  at  such  a 
price,  and  when  he  comes  to  supply  others, 
may  give  a  totally  different  machine.  Here- 
tofore it  has  been  the  custom  to  talk  of  en- 
gines as  being  so  many  horse  power,  but 
when  one  comes  to  ask  what  this  horse 
power  is  gauged  by,  we  are  generally  told 
that  the  size  of  the  cylinder  is  the  criterion. 
Now  there  could  not  be  a  more  fallacious 
guide.  An  11-in.  cylinder  is  usually  called 
a  12-hor80  engine,  and  by  the  best  makers 
that  size  of  cylinder  will  be  put  on  to  a 
boiler  having  240  square  ft.  of  heating 
surface,  and  will  bo  called  a  12-horse  en- 
gine, for  the  best  makers  allow  about  20 
square  feet  of  heating  surface  for  each  nomi- 
nal horse  power.  Again  an  8- in.  cylinder 
is  usually  called  a  6-horso  engine,  being 
about  half  the  area  of  the  11-in.  cylinder, 
and  if  both  cylinders  work  at  the  same 
speed,  no  doubt  the  large  cylinder  will  do 
about  twice  as  much  work  as  the  small  one. 
But  suppose  we  put  an  8-in.  cylinder  on  to 
a  12-horso  boiler  (240  s(|uare  ft,  of  heat* 
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ing  surface),  and  drive  it  twict  as  fa$t^  the 
srimll  cylinder  will  then  da  rather  more  ivork 
than  the  large  cylinder.  Would  it  not  be 
folly,  theD,  to  call  that  eoglne  a  6-horae  en- 
gine, Biiupty  because  we  had  changed  the 
cylinder  ?  But  it  may  be  wiiJ,  why  not 
drive  the  large  cylinder  faat  alaol  The  re- 
ply is  verj^  simple  ;  the  boiler  would  be  una- 
ble to  supply  it  with  steam  because  a  cer* 
tain  area  of  heating  surface  will  only 
evaporate  a  certain  quantity  of  water  econo- 
mically. 

It  is  plain,  then,  that  the  heating  surface 
in  the  boiler  is  the  true  test  of  the  power 
of  an  engine,  and  if  it  be  agreed  by  all  that 
20  square  ft.  of  heating  surface  shiUl  be  de- 
nominated 1 -horse  power,  then  the  eogiuecr 
who  can  develop  the  greatest  amount  of 
n^eful  effect  out  of  that  extent  of  heating 
surface,  is  the  most  successful  engineer ;  and 
the  man  who  can  produce  an  engine  at  the 
lowest  prime  cost  in  prcqxrrtion  to  the  work 
done  is  the  cheapest  engineer.  But  here 
another  element  drops  in.  If  an  engineer 
is  reckless  of  the  quantity  of  coal  that  he 
uses,  he  can  so  dispose  his  heating  sur- 
face as  to  make  it  evaporate  much  more 
than  it  would  do  if  it  were  arranged  to  ab- 
sorb the  principal  portion  of  the  heat  devel- 
oped by  the  combustion  of  the  coaL  There- 
fore, the  quantity  of  coal  used  in  proportion 
to  the  work  done  should  also  enter  into  the 
calculation,  for  coal  is  an  expensive  article* 
The  quantity  of  water,  too,  is  a  matter  of 
great  moment.  I  lb,  of  coal  well  managed 
will  evaporate  about  10  lbs,  of  water,  and 
when  an  engine  is  working  as  a  traction  en- 
gine far  from  home,  or  as  a  ploughing  engine 
on  a  steep  and  dry  hill-side,  it  is  quite  pos- 
sible that  to  supply  it  in  such  situations 
with  water  might  actually  be  as  expensive 
as  to  supply  it  with  coal.  If,  then,  one  en- 
gine will  work  for  a  whole  day  with,  say, 
400  gallons  of  water,  and  another  engine 
doing  the  same  amount  of  work  requires 
1,000  gallons,  surely  that  ought  to  be  con- 
sidered in  awarding  a  prize. 

Weight,  too,  is  another  element.  A  very 
heavy  engine  is  difficult  to  move  about  over 
farm  roads  and  along  soft  headlands  i  and 
if  it  breaks  through  the  skin  of  a  cross 
country  road,  it  will  often  involve  its  owner 
in  very  unpleasant  disputes. 

The  extreme  width,  too,  of  the  engine 
ought  to  he  limited.  Few  £irm-gate8  are 
more  than  8 1  ft.  in  the  clear.  Now  Messrs. 
Uoward's  engine,  I  believe,  is  8  ft.  9  in. 
wide,  and  to  pass  such  an  implement  through 


an  ordinary  farm -gate  ia  im[Ki»iV 
Aveling  and  Porter's  eDginr^  t^ 
%  ft.  2  in.  wide»  and  to  gul^ 
an  ordinary  farm -gate   xa  \ 
difficulty.     Such    wide     m; 
very  awkward  on  country  r  „ ,  . 
have  to   paaa  wagons,  oiirts  a&d 
The  R.  A.  8.  E.  might  i?asily 
mum  width,  which  no  manuUictQrcr 
ing  to  compete  should  cixcred  ;  7  ft  i 
to  me  ample  to  cover  everything^  mAX 
manufacturer  cannot  produce  a  ggo4  i 
not  exceeding  that  width,  be  had  beiicr( 
way  and  allow  men  of  greater  tii| 
take  his  place. 

It  is  pretty  plain,  too,  thai  any  < 
be  useful  for  ploughing  or 
8hould  be  able  to  go  np  and 
clines  without  uncovering  *»j 
heating  surface  that  is  exposed  to 
heat,  for  it  is  extremely  daDgeroiii.    All 
gine,  when  ploughing,  maj  JiaT«i  fof  . 
days  to  be  working  up  or  down  ao  f 
1  in  8,  or  even  steeper.     Now.  if  aa  «o 
be  so  constructed    that  with  lli« 
supply  of  water  its  0rebox  would  1 
ered  upon  such  an  incline,  it  is    ~ 
for  its  work. 

It  appears  to  me,  theo«  that  tW ! 
Agricultural  Society  might  lay  dawn 
si  tie  qu^  non: 

1.  That   each  engine  intending  la 
pete  shall  be  capable  of  working  i«a|~ 
ing  engine,  as  a  traction  engine, 
engine  for  driving  ordinary  farm  onrlti 

2.  That  no  engine  i»hall  compete  if,  ^ 
working  up  or  down  an  incline  of  1  is  I 
uncovers  any  portion  of  its  &rebox  \ 
depth  than  4  in.  of  water  at  ihe 
point. 

3.  That  no  engine  ahall  eotaMle  if  1 
wider  at  any  point  than  7  ft,,  and  to  |i«f 
this  width  being  only  temporarily 
ished  by  deGrea»ing  the  breadth  of 
wheels,  no  engine  should  compete  if 
driving  wheel  uf  the  engine  he  Ic 
in,  broad  for  each  ton  weight  of  the  ea 
when  loaded  with  lO  hours  coal  and  SbMrr 
water.  That  is  to  say,  a  10-too  eiqp* 
must  have  l5-in.  driving  wheels  at  thtflMit 

If  these  matters  were  once  agrve^ 
then  it  seems  to  me  that  the 
each  engine  in  each  particular 
if  I  may  use  the  word,  could  be  < 
by  allotting  to  it  so  mar  and  wh 

ever  engine  gained  the  lati 

gain  the  first  prize,  juat  ae  in  a  ccopc^tif* 
examination  for  the  Indian  Civil  Scrriffi* 
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flaking  the  aetiutl  trials,  I  think  that 
I  will  be  enooefa,  for  if  an  engine  works 
ply  and  well  as  a  ploughing  engine, 
ibo  ms  a  traetion  engine,  we  may  safely 
one  it  will  )»e  an  economical  engine  for 
"^"ig  ordinary  farm  machinery.  But  in 
g  mn  engine  with  its  cultivating  machi- 
|r«  it  18  a  Question  whether  it  should  be 
both  with  a  plough  and  with  a  cultiva- 
~)iir,'  or  onlr  with  one  of  them.  It  seems  to 
'.i|kft  tiiat  the  plough  is  the  implement  most 
.  jftoffougUy  understood  by  farmers,  and  is, 
'Aatofbre.the  fairest  implement  by  which  to 
'iHt  the  racoess  of  steam  cultiyation ;  foi^if 
'  Jl  worke  the  plough  well,  we  may  safely  as- 
..iiBe  it  will  work  the  cultivator  equally 

^In  trying  the  engines  as  ploughing  en- 
"^■v  each  should  have  a  plot  of  three  acres 
to  it,  the  choice  of  plots  being  dcter- 
I  bj  lot.  Then  the  engines  and  the 
|l0ub>  being  all  in  their  places,  the  fires 
AoQid  be  thoroughly  drawn  at  a  given  sig- 
aalv  and  the  valve  opened  to  bring  down  the 
Mean  to  the  pressure'  of  the  atmosphere. 
When  this  was  done,  and  the  judges  had 
jaftisCed  themselves  that  the  fires  were  thor- 
onghlj  drawn,  and  the  steam  pressure  run 
down  to  that  of  the  atmosphere  (a  watch- 
Man  being  placed  at  each  engine)  accurate 
aeeonnt  would  be  taken  of  the  height  of 
water  in  each  boiler,  and  the  quantity  of 
water  in  each  tender,  a  certain  weight  of 
eoalv  and  a  small  quantity  of  wood  and 
diaTings  should  be  given  to  each  engine,  and 
at  a  ffiven  signal  the  fires  should  be  lighted, 
and  the  trials  should  commence,  time  being 
dmly  marked.  As  each  engine  finished  its 
talk,  time  could  be  again  tiuccn,  and  the  re- 
mits deduced  as  follows : 

1.  Divide  the  weight  of  soil  moved  in  an 
hoar  by  the  square  ft.  of  heating  surface^in 
the  bouer. 

2.  Divide  the  weight  of  soil  moved  in  an 
hoar  by  the  gallons  of  water  used. 

3.  Divide  the  weight  of  soil  moved  in  an 
hour  by  the  number  of  men  employed ;  two 
boys,  provided  they  are  really  doing  boys' 
work,  to  count  as  one  man. 

4.  Divide  the  weight  of  soil  moved  in  an 
hoar  by  the  lbs.  of  coal  used. 

6.  Divide  the  weight  of  soil  moved  in  an 
hoar  by  the  cost  of  the  apparatus. 

Each  of  these  things  to  count  one  point 
to  the  winner,  and  whichever  engine  gains 
most  to  have  the  first  prize,  and  the  next 
the  seeond  priie.  But  if  any  engine  gains 
four  oat  of  the  five  points,  that  engine  to 


get  a  gold  medal  and  the  first  prize,  and  the 
next  engine  to  get  only  a  third  prize.  Or 
if  any  engine  gains  all  five  points,  such  en- 
gine to  get  a  gold  medal  and  sole  prize,  no 
other  prize  being  awarded. 

In  trying  the  engines  as  traction  engines, 
I  should  be  inclined  to  make  them  start 
cold  and  draw  a  load  over  a  given  piece  of 
ground,  up  a  steep  incline,  say,  1  in  12. 
Whichever  engine  first  brought  its  steam 
up  to  a  given  pressure  should  gain  onepoint^ 
and  after  each  engine  had  drawn  its  load 
(of  such  weight  as  its  owner  might  fix  upon) 
along  the  given  distance  I  would  decide  the 
trial  as  follows : 

1.  Divide  the  net  load  by  the  time,  the 
winner  to  gain  one  point, 

2.  Divide  the  net  load  by  the  square  ft. 
of  heating  surface,  the  winner  to  gain  one 
point. 

3.  Divide  the  net  load  by  the  lbs.  of  coal 
used,  the  winner  to  gain  tioo  points, 

4.  Divide  the  net  load  by  the  gallons  of 
water  consumed,  the  winner  to  gain  two 
points. 

5.  Divide  the  net  load  by  the  weight  of 
the  engine,  the  winner  to  gain  two  points. 

6.  Divide  the  net  load  by  the  cost  of  the 
apparatus,  engine,  and  tracks,  the  winner  to 
gam  two  points. 

This  makes  eleven  points  in  all,  and  if 
any  engine  should  gain  the  whole  it  should 
receive  a  gold  medal  and  sole  prize,  or  if 
any  engine  should  gain  ten  out  of  the  eleven, 
that  engine  to  have  a  gold  medal  and  the 
first  prize,  and  the  next  engine  a  third  prize 
only.  But  if  no  engine  gained  so  many  as 
ten  points,  then  the  engine  which  gains  most 
to  have  the  first  prize,  and  the  next  highest 
to  have  a  second  prize. 

To  prevent  disputes  as  to  what  should  be 
considered  the  net  load,  it  should  be  ar- 
ranged that  the  total  load  drawn  by  the  en- 
gine, exclusive  of  its  own  weight ,  should  be 
considered  the  net  load,  for  if  you  attempt 
to  deduct  also  the  weight  of  the  truck  which 
carries  the  load,  trucks  would  be  used  in 
trial  far  too  light  for  practical  farm  work, 
and  our  object  is  to  get  not  a  racing  engine, 
but  one  suitable  for  ordinary  farm  work. 

As  to  pressure,  it  has  been  the  custom 
heretofore  to  limit  this  to  50  lbs.  above  the 
atmosphere,  which  seems  to  me  an  unrea- 
sonable limit.  When  we  have  locomotives 
working  at  150  lbs.  and  180  lbs.,  why  should 
a  farm  engine  be  limited  to  50  lbs  ?  As  far 
as  danger  is  concerned,  50  lbs.  is  quite  as 
dangerous  as  180  lbs.,  for  every  good  en^« 
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neer  makes  his  boiler  in  proportion  to  the 
Btrain.  At  all  events,  a  pressure  of  nine 
atmospberea^  or,  say,  120  lbs,  on  the  square 
in.  above  the  atmoaphere,  might  be  rccog- 
nised  ;  but  each  competitor  might  be  called 
upon  to  declare  the  dimensiona  and  Bub- 
Btance  of  the  various  parts  of  his  boiler,  and 
the  species  of  iron  used,  and  if  by  calcula- 
tion the  breaking  strain  is  found  to  be  less 
than  six  times  the  maximum  declared  work- 
ing pressure,  then  let  the  engine  be  dia- 
qualified. 

If  engineering  and  agricultural  newspa- 
pers, too,  would  take  up  this  matter  and 
Tcntilale  it,  we  might  hope  to  see  some  pro- 
posal made  for  the  trials  in  1870,  which 
would  stimulate  fresh  engineering  talent  to 
enter  the  agricultural  arena.  A  good  manu- 
facturer of  railway  locomotives  would  be  a 
formidable  competitor  to  all  existing  agri- 
cultural engineers. 


THE  BLAST  FLTINACES  AT  MIDDLES- 
BUHUUUIL 

From  tho  **  Mining  Joarnal.^* 

There  are  now  fifty- two  blast-fumaceg  in 
operation  in  the  immediate  neighborhood  of 
Widdlesborough,  besides  ten  more  in  course 
of  building  ;  there  are  about  nine  more  of 
small  dimensions,  45  ft.  high,  which  are  dor- 
mant, and  are  not  intended  to  be  again  used. 
Besides  these  there  are  in  the  Tyne,  Durham ^ 
and  Whitby  districts,  thirty-eight  furnaces  in 
blast,  two  building,  and  sixteen  not  in  use, 
giving  a  total  of  one  hundred  and  eighteen 
blast-furnaces  in  the  north-eastern  di»trict, 
either  at  work,  or  will  shortly  be  available 
for  the  production  of  pig-iron.  Of  the  fifty- 
two  furnaces  in  the  neighborhood  of  Middles- 
borough »  their  height  varies  from  00  to  85 
ft,,  and  their  diameter  is  proportionately 
large.  As  ao  in.stance  of  economical  man- 
agement in  the  production  of  pig-iron,  the 
blast-furnaces  at  Eston  J  unction  ^  worked  by 
Bolckow,  Vaughan,  and  Co.,  may  be  cited  as 
having  adopted  the  latest  meehanical  appli- 
ances calculated  to  economize  labor  and 
reduce  the  cost  of  production.  There  are 
five  furnaces  at  Eston  Junction,  85  ft.  high  ; 
the  make  of  each  averages  about  S50  tons  o^ 
iron  per  week;  one  oocasionally  makes  up- 
wards of  400  tons  per  week.  Hot-blast  is 
used  in  every  furnace  in  the  district.  There 
are  five  kilns  for  calcining  the  ore.  One 
kiln  will  supply  ore  suflacient  for  one  fur- 
nace. Each  kiln  is  21  ft,  in  diameter,  45  fu 
high,  having  a  oLrcular  frame-work  of  J-in. 
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_  wftter  to  the  tanks  on  the  engine- 

I  and  at  the  top  of  fornaoe  lift.     It 

Id  be  obaerved  that  where  locomotive 

is  not  used  to  bring  materials  to  the 

of  the  calcining  kilns,   and  coke  and 

to  the   gantry,   this   is   effected 

i  by  a  vertical  lift,  where  steam  or 

air  is  the  motive  power;  the 

I,  after  being  tipped  or  discharged,  are 

tfraiqied   down  at  the  opposite  end  of  the 

Ctry  and  the  row  of  calcining  kilns ;  as 
le  are  placed  usually  all  in  one  line,  with 
%  doable  road  on  the  top  for  the  transit  of 
1^  tracks  from  one  end  to  the  other ;  this 
k  a  Tery  compact  arrangement  on  a  level 
forfiaee.  In  a  few  cases  these  materials  are 
aised  by  an  inclined  plane  and  steam-engine 
ia  the  top  of  the  gantry. 

The  steam-boilers  used  in  the  district  are 
■aarly  all  of  the  same  type.  Some  of  these 
have  been  20  years  in  existence,  at  work 
ai^t  and  day.  The  boilers  are  plain 
•yundrical,  70  ft.  by  4J  or  5  ft.,  slung  from 
fce  east-iron  arched  girders,  by  three  straps 
ftem  each  girder,  attached  to  an  angle-iron 
■ieee  riveted  to  the  boiler.  The  blast- 
IdrDace  ns  is  now  always  used  to  heat  these 
hmlers,  the  flue  being  a  single  straight  one 
milder  each  boiler  to  the  chimney-flue.  In 
■ome  cases  the  gas  is  sufficient  to  heat  both 
the  boilers  and  hot-blast  pipes.  In  many  of 
the  works,  however,  coal  is  used  in  addition. 
Why  this  is  so  I  am  unable  to  explain.  The 
blaBt-fumaecs  beine  closed  at  the  mouth,  the 
nsea  are  brought  down  into  large  wrouffht- 
mm  cylindrical  tubes,  lined  with  fire-brick. 
In  two  cases  the  gases  are  brought  down  to 
an  arched  culvert,  made  underground,  and 
from  that  distributed  to  the  various  blast- 
stoves  and  boilers.  The  pressure  of  blast 
maintained  is  8^  to  4  lbs.  The  tempera- 
tore  of  blast  is  from  1,000*'  to  l,100^  A 
mat  part  of  the  economy  of  these  blast- 
nurnaces  is  due  to  the  high  temperature  of 
the  blast,  and  their  great  height.  The  dif- 
ference in  consumption  of  coke  is  so  marked 
as  to  have  caused  the  abandonment  of 
furnaces  50  ft.  high,  and  erecting  others 
in  their  place,  70  feet  high  and  up- 
wards. The  large  production  is  obtained 
fhim  their  nreat  diameter.  An  improved 
boiler  is  used  at  Newport  Works  :  it  has  one 
tnbe ;  the  gas  passes  through  this,  and  re- 
tonu  under  the  boiler,  giving  much  more 
heatinff  surface  than  that  before  described. 
The  whole  of  the  boilers  in  the  district  are 
covered  either  with  bricks  and  mortar — an 
airspace  intervening  between  that  and  the 


boiler — or  they  are  covered  in  a  few  cases 
with  a  patent  composition.  Each  boiler  is 
fitted  with  two  safety-valves,  two  floats,  two 
sludgers,  one  float,  with  whistle,  dial,  and . 
pointer. 

The  blast  is  heated  generally  in  the  com- 
mon ^-shaped  pipes,  but  at  Ormesby  Works 
the  blast  is  heated  by  Siemens'  stoves ;  theso 
are  giving  satisfactory  results.  The  air- 
after  passing  for  two  hours  through  one. 
heated  chamber  is  diminbhed  in  tempera- 
ture at  its  exit  only  100**,  and  is  then  trans- 
ferred to  another  chamber.  The  Cargo  Fleet, 
blast-furnaces  are  run  off  every  eight  hours. 
A  larjge  fumaoe  at  Norton  runs  off  the  metal 
both  in  front  and  back  at  each  oast  every. 
12  hours.  These  are  some  of  the  principal 
features  of  the  blast-furnace  economy  of  this 
district ;  it  is  evident  that  large  outlay  is 
required  for  these  immense  structures,  the 
engines,  and  mechanical  appliances,  but  the 
result  is  to  make  the  manufacture  a  more 
profitable  one  with  the  present  process. 


COMPOSITION  OF  SEWAGE. 

THE   LONDON   SEWAQE — WHAT   IT   IS  AND 
WHITHEB   IT  GOES. 

From  <<the  EDginoer.'* 

By  **sewage"  is  commonly  understood  any- 
thing that  fiows  through  a  sewer.  But  the 
contents  of  a  sewer  are  generally  very  com- 
posite in  their  character.  Sewage  absolute 
IS  comparatively  extremely  small.  Apart 
from  water  supply,  rainmll,  and  subsoil 
water,  an  average  individual  contributes  to 
the  sewers  at  the  rate  of  only  a  little  more 
than  a  quart  per  day,  solid  and  fluid  together. 
Dr.  Parkes,  in  his  standard  work  on  **  Prac- 
tical Hygiene,"  gives  the  daily  foocal  matter 
at  two  ounces  and  a  half,  and  the  urinary 
matter  at  forty  ounces.  In  bulk  this  would 
be  about  73  cubic  inches.  In  round  numbers 
this  would  amount  in  the  course  of  a  year  to 
one  hundred  gallons,  or  a  thousand  pounds, 
or  very  nearly  sixteen  cubio  feet,  lieckon- 
ing  the  population  of  London  at  8,000,000, 
the  yearly  amount  of  absolute  sewage  would 
be  48,000,000  cubic  feet,  equal  to  300,000,- 
000  gallons,  or  1,339,300  tons.  To  this  we 
will  add  in  the  first  place,  the  rainfall,  as 
distributed  over  the  area  of  the  metropolitan 
district.  In  his  evidence  before  the  Select 
Committee  on  the  Sewage  of  the  Me- 
tropolis in  1864,  Mr.  Basalgette  ^ve 
the  area  of  the  district  as  116  square  miles, 
with  an  average  annual  rainfall  of  twenty- 
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four  inches.  But  of  this  qxmntity  the  same 
authority  reckoned  thttt  a  proportion  ranging 
from  one-hitli'  to  two- thirds  would  never 
eutoT  the  sewers,  being  loBt  hy  evaporation 
and  ahsorption.  Accordingly  the  rainfall 
which  mingles  with  the  sewage  may  bo 
estimated  at  ten  inches  per  annum  over  the 
116  square  miles^  or,  in  round  numbers,  72,- 
000,000  tnnn,  equal  to  2,580,000,000  cubic 
feet,  or  10,125,000,000  gallons.  With  a 
population  of  3,000,000,  this  will  give  for 
each  individual  an  annual  average  of  800 
cubic  feet^  equal  to  5,375  gallons,  or  twenty- 
four  tons.  In  the  neatt  place  we  come  to  the 
water  supply.  In  1867  the  water  companies 
supplied  London  with  an  average  of  98,600,- 
248  gallons  per  day,  of  which  about  81,038,- 
800  gallons  were  used  for  domestic  purposes. 
A  daily  allowance  of  thirty  gallons  per  head 
would  be  just  90,000,000  gallons  for  a 
population  of  3,000,000.  We  may  fairly 
take  this  as  the  quantity  going  into  the 
sewers,  equal,  therefore,  to  5,268,000,000 
cubic  feet,  or  147,000,000  tonsj  being  at  the 
rate  per  head  of  1,752  cubic  feet  per  annum, 
equal  to  10,950  gallons,  or  49  tons,  leav- 
ing the  brute  creation — horses,  cows,  don- 
keys, dogs,  etc, — out  of  the  reckoning. 
W^e  thus  form  an*idea  as  to  the  contents  of 
the  London  aewers.  The  effect  of  the  rain- 
fall is  probably  under  estimated.  Much  ol" 
the  absorbed  rainfall  may  be  oonsidcrered  to 
find  its  way  uUiraafccly  into  the  sewers  by 
percolation  through  the  brick-work.  It  is 
abo  probable  that  the  area  which  contributes 
rainfall  to  the  London  sewers  is  larger  than 
the  space  referred  to  in  Mr.  Bazalgette's 
evidence, 

Keturiiing  now  to  our  figures,  wo  observe 
that  while  each  individual  contributes  to  the 
contents  of  the  London  sewers  at  the  rat^  of 
nearly  1,000  lbs.  per  annum  (less  than  half 
a  ton),  this  is  supplemented  by  24  tons 
of  rainfall  and  49  tons  of  water  supply. 
Reckoned  daily,  these  quantities  become 
424  02,  of  absolute  sewage,  147  lbs.  of 
rainfall,  and  300  lbs.  of  water  supply.  The 
total  yearly  average  per  head  is  73.4  tons, 
equal  to  2,628  cubic  feet,  or  16,425  gallons, 
the  daily  average  per  head  being  7.2  cubic 
feet,  equal  to  45  gallons  or  450  lbs. 
Reckoning  that  an  acre  of  water  an  inch 
deep  will  weigh  lOO  tons,  the  unmixed 
sewage  of  London  for  one  year  will  cover 
a  space  of  10,000  acres  to  the  depth  of 
an  inuh  and  a-third.  But  the  proportion  of 
rainfall  which  we  reckon  as  entering  the 
Bewers  would  cover  an  equal  area  to    the 


depth  of  6  ft,,  while  the  v 
cover  such  an  area  to  t 
than  12  ft.  A  man  walking 
sewage  would  scarcely  Ho  more  thaa 
soles  of  his  boots ;  whcr«aa  the 
portion  of  the  rainfall  would  corer  Uil 
and  the  water  supply  would  leave 
under.  If  to  the  proportion  of  tht 
we  add  the  water  supply,  we  find  UiaS, 
as  the  unmixed  sewage  of  the  jms 
10,000  acres  to  a  depth  of  only 
a-lhird,  the  sewer  raiufiUl  and  llie 
supply  combined  will  corer  the 
to  a  depth  of  18  ft.  Thus,  in  tk« 
London,  that  which  is  comtnonly  calM 
age  has  only  one  part  in  164  o(»Dip«id 
pure  human  sewage,  the  remainder  '  _ 
rainfall  and  water  supply.  So  far  •»  tb> 
yearly  average  exceeds  »eve&ty«thfM  tm 
per  head  of  the  population,  the  aJiMhlii  ivr* 
age  may  be  considered  as  undergoinir  t  iio- 
tion  even  greater  than  the  foregtitDf.  TW 
discharge  from  the  nietropolitasi  ooil^dl  il 
Crossness  is  often  considerablj  in  txam  4 
this  quantity.  In  the  week  fsndtai  MtJ 
29th,  the  daily  discharge  at  CrcsAiaa  wm 
208,840  cubic'meters.  or  about  238,000  I«l 
Taking  the  {>opulatiou  uf  the  ninilJbeni  um 
at  1,100,000,  this  would  show  nofft  lltt 
48  gallons  per  head,  or  at  tht  lai*  tf 
nearly  80  tons  per  head  per  anmni 
that  week  the  rainfall  wias  1.12  to. 

So  great  a  degree  of  dilutiou  inf|^ 
it  appear  that  London  sewage  wiA  a  r«rj  8 
uoeent  thing.     But  it  must  b*    remeibbim 
that  absolute  sewage  ib  an  extremely 
ful  agent.     The  foGcal  matter  of  ihe 
polls  from  human  sourcea  alone  l» 
more  than  209  tons  per  day,  or  76,0OU 
per  year ;  in  addition  to    .  '  '  ' 
matter  amounts  to  3,348  ;  lay,  or  !♦* 

222,000  tons  per  year.  W  ith  jdJ  thbtbm 
goes  down  a  large  amount  of  nihhiak  md 
detritus  from  the  roads,  ^  well  ai  ftfasi 
fluid  and  material  from  manafactofiei.  Ae- 
cording  to  the  present  system  of  metiiylifa 
drainage,  the  sewers  discharge  Umniittiii 
into  the  river,  the  Mctropioliun  BmH  d 
Works  providing  that  thfTc  i^hall  odIj  k 
two  outfalls— one  near  Barking  Crvck, 
the  other  at  Crodsness.  As  yet  the 
is  not  in  complete  operation,  owia^  tu  tl* 
unfinished  state  of  the  northern  low  bfti 
sewer.  On  the  south  side  the  works  vb* 
into  full  operation  some  time  aeo.  Wehara 
therefore,  to  consider  the  probable  eibri  d 
casting  the  enormooa  masn  of  the  LmdiiB 
sewage  into  the  Thamea  al  Urn  pmU  b^ 


4 

,000  tana 


i 


VAN  NOSTRAND'S  ENGINEERING  MAGAZINE. 


795 


ed.  From  the  Barking  to  the  Oross- 
oatMl  IB  nearly  two  miles  in  a  direct 
The  Thames  Oonservancj  Board,  as 
ftck  as  June,  1867,  complained  that  ez- 
re  sewage  shoals  were  being  formed  in 
•ed  of  the  river.  The  report  of  their 
icer,  Mr.  S.  W.  Leach,  showed  that 
the  northern  ontfall  a  space  of  more 
40  seres,  and  near  the  southern  outfall 
Kmt  120  acres  of  the  bed  of  the  Thames 
covered  by  a  deposit  of  sewage  mud, 
ig  a  depth  in  some  places  of  fdly  7  ft. 
e  character  of  the  mud,"  says  Mr.  Leach, 
ws  clearly  enough  whence  it  has  come." 
[jctheby  examined  some  samples  of  the 
lit,  and  fully  confirmed  the  opinion  ez- 
ed  by  Mr.  Leach.  '*  The  mud  in  each 
"  said  Dr.  Letheby,  **was  black  and 
[,  and  in  a  state  of  active  putrefactive 
nposition."  When  examined  with  a 
Mscope,  it  was  found  to  consist  of 
•ken-up  sewage  matter,  with  the  remains 
yriads  of  animalculse,  and  a  large  quan- 
y(  carbonate  of  lime  in  a  partly  crystal- 
»tate."  The  presence  of  this  last-named 
tdient  in  an  unusually  large  proportion 
sited  by  Dr.  Letheby  as  evidence  that 
.Ikaline  constituents  of  the  sewage  were 
rompoeing  and  precipitating  the  calcare- 
ionstituents  of  the  water,  and  thus  add- 
o  the  filth  of  the  deposit."  On  the  at- 
on  of  the  Metropolitan  Board  being 
d  to  these  allegations,  Mr.  Basalgette 
ed  that  the  mud  deposits  in  the  Thames, 
a  zange  of  about  two  and  three-quarter 
s  in  the  vicinity  of  the  outfalls,  had  in 
dn    places    undergone    an   increase   of 

000  cubic  yards  between  the  years  1864 
1867  ;  but  in  certain  other  places  along 
range  of  the  river  there  had  been  a  de- 
se  in  the  mud  deposits  to  the  extent  of 
it  923,000  cubic  yards,  leaving  the  net 
Mwe,  therefore,  only  60,000  cubic  yards. 
Basalgette  considered  this  **  a  very  small 
iase  in  the  total  quantity  of  deposit." 
it  is  equal  to  1,620,000  cubic  feet,  or 
ithing  more  than  the  entire  quantity  of 

1  matter  cast  out  in  the  space  of  seven 
the.     At  that  date  the  outfalls  had  only 

in  operation  for  three  or  four  years,  and 
k  considerable  portion  of  that  time  very 
ially.  What  is  the  present  state  of 
rs  may  be  soon  known  from  the  report 
[r.  Rawlinson,  who  has  been  instructed 
be  Home  Secretary  to  inquire  into  the 
ition  of  the  river  near  Barking,  the 
bitants  of  that  locality  having  long  ago 
orialisod  the  Government  on  the  subject. 


The  article  quoted  then  goes  on  to  show  that 
there  are  evidences  of  the  salt  and  sewage  of 
the  Thames  permeating  the  bed  of  the  river 
and  contaminating  the  wells  of  water  works 
on  its  banks,  as  at  Crossness.  As  this  is  of 
merely  local  interest  we  do  not  quote  it. 


STEEL  Rails.— The  gradual  increase  in 
the  price  of  iron  is  indicated,  not  merely 
by  the  current  quotations,  but  by  the  mul- 
tiplication of  blast-furnaces.  In  the  Cleve- 
land district  an  unusually  large  number  of 
new  furnaces  is  being  erected ;  and  although 
the  production  will  he  thus  increased,  it  will 
probably  be  some  time  before  prices  will 
again  fall.  The  gradual  tendency  to  an  in^^ 
crease  of  wages,  caused,  in  part  by  an  un- 
usually strong  disposition  on  the  part  of 
large  bodies  of  workmen  to  emigrate,  must 
tell  also  in  the  price  of  rails.  In  the  mean 
time,  notwithstimding  the  approaching  lapse 
of  Mr.  Bessemer's  patents,  the  steel  rail 
trade  continues  good,  and  numbers  of  com- 
panies who  have  decided  to  employ  steel  in 
place  of  iron,  and  who  must  have  rails,  of 
some  kind,  immediately,  are  ordering  freely 
in  steel,  the  Great  Northern  Company  being 
now  in  the  market  for  a  thousand  tons.  The 
untrue  assertion,  so  industriously  repeated 
in  certain  interested  quarters,  that  the  royal- 
ty will  be  diminished  by  £2  per  ton  after 
February  next,  is  now  understood  in  its  true 
character;  and  railway  companies  perceive 
that  even  were  there  no  general  rise  in  prices, 
the  diminished  royalty  will  not  be  more  than 
18s.  or  lOs.  a  ton  on  that  now  in  force,  and 
of  this  the  companies  cannot  expect  to 
secure  even  a  half. — Engineering. 


UTILIZATION  OF  BUST-FURNACE  SU6 
FOR  MORTAR. 

Compiled  and  Translated  from  an  ariiole  in  **  Zeit- 
Mhrift  del  Vereini  DeatMher  Ingeoieare." 

When,  in  the  preparation  of  mortar, 
granulated  or  ground  blast-fiimace  slag  is 
used  in  the  place  of  sand,  a  much  smaller 
quantity  of  lime  is  necessary  to  make  a  well 
binding  mortar,  an  advantage  which  is  of 
great  importance  for  many  districts.  Most 
blast-furnace  slags,  containing  alumina,  lime 
and  silica  in  certain  proportions,  are  dis- 
solved by  acids,  the  silica  only  being  pre- 
cipitated in  a  gelatinous  state.  The  same 
takes  place  when  natural  cement  is  treated 
with  acids.  Blast-fiimaoe  slag,  like  tarrace 
and  oement,  contains  silioa  in  a  condition  in 
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whiclv  it  is  liable  to  en  tor  new  cKemical 
oombiDatioBS.  Silica}  iu  the  shape  of  sand 
or  of  quartZf  furms,  likewise,  a  cLcmical 
combination  with  the  lime  iu  mortar ;  but 
only  when  thej  have  been  in  contact  for  a 
long  time.  The  principal  reason  why  this 
aaud-mortar  gets  hard,  is  that  the  lime  com- 
bines with  carbonic  acid  taken  from  the  air. 
As  this  combination  takes  place  but  slowly 
from  the  outside,  mortar  gets  hard  at  first 
on  the  surface,  the  interior  remaining  soft 
for  some  time.  If  blast-furnace  slag  of  a 
certain  composition  is  used,  the  mortar  gets 
hard  more  rapidly  and  through  its  whole 
mass,  because  the  lime  combines  with  the 
silica,  in  the  same  way  as  this  is  the  case 
with  tarrace  (a  kind  of  puzzolana)  or  with 
cement. 

Thus  mortar,  made  from  blast-furnace 
alag  and  lime,  hardens : 

1.  By  the  formation  of  carbonate  of  lime, 
as  ordinary  mortar  does,  and  besides, 

2.  By  the  formation  of  chemical  com- 
pounds of  silica  and  lime* 

These  reactions  arc  aided  and  quickened 
by  a  repeated  contact  with  water  and  air. 
As  mortar  made  from  slags  hardens  quicker 
and  more  thoroughly,  it  does  not  require 
near  so  much  lime  and  produces  a  more 
solid  mass  when  hardened.  When  blast- 
furnace slag  is  ground  fine  it  acts  consider- 
ably better  yet  in  the  mortar,  and  can  then 
be  used  oven  as  a  substitute  for  tarrace.  It 
is  then,  also,  a  good  material  for  plaster- 

We  communicate  in  the  following  the  re- 
sults of  experimeuta,  made  by  a  committee 
of  experts,  at  the  Friedrich  Witbelm  Iron 
Works  (Prussia),  under  the  direction  of  Mr. 
Langen,  for  the  purpose  of  discovering  the 
qualities  and  relative  value  of  different  ma- 
terials ut^ed  in  the  preparation  of  mortar 
and  cement : 

On  the  17th  of  October,  1801,  a  number 
of  samples  of  mortar  were  prepared  from 
different  mixtures,  to  be  tested  afterwards 
when  hardened.     The  materials  used  were, 

I*  Fresh  calcined  lime  from  Ruppichto- 
roth* 

2.  Khonish  tarrace,  just  received. 

3*  Ordinary  sharp  sand,  as  used  for  ma- 
aonry, 

4.  Granulated  slag,  in  pea*sixe. 

5.  Fine  ground  slag. 

6.  Portland  cement  of  Bonn* 

Different  mixtures  of  mortars  were  pre- 
pared from  these  materials,  and  small  square 
flocks,  5   in.  wide   and  2J  in.  high,  were 


formed  of  them    in  wooden  miml^ 
half  of  these  test-blocks  were  BX»m 
the   air,  the    other    half  were  kia  n 
ground  for  several  months. 

On  the  12th  of  March,  lB61t,thctti 
were  int^pected,  and  were  t««ted  is  It 
solidity  and  resistance  to  pressvc. 
pressure  was  applied  through  a  lert 
rangement.  The  weight  was  increaMiI 
slowly,  and  the  pieces  had  to  withi4ai 
some  time  the  pressure  of  a  certain 
before  the  latter  was  further 
The  results  were  the  following : 

A.— REStTLTS    OBTAINBD    WITH    fJC 
3AUPLSS,  aA&DKXED  IK  TOE  All 


n. 


8* 


10. 


18. 


5. 


MixTvmft. 


1  lime. 

2  Aaod. 


I    lime. 
U  tarrooe. 

1^  " 


1     liro« 
8    gro 


..   1 

Malag.    f 


1    lime. 

6    gro'd  stag. 


1    l!me< 

3    groMslag. 

ligrAiil^ftUg. 


I  lime. 

II  gro'dslag. 
l|  grad.sUg. 


Pane  Portland 

cement  with- 
out  any  etatid 
or  lime. 


Banilttf  of 

pearaftCB  wad 
MarduBM* 


Tlicswuplolook- 
ih1  mml  luid  hard- 
tttiod  tfkv  ordloiry 
uurtar 

Caoflid^nihljlvr- 
dur  than  Ho,  l... 


Olj  i»i;il«rv   44t<V   -• 


S.  £qtial)jfioesi 
detim  ttmctnrv** 


Harder  Umn  1l<it 
7.  Stntcton  lea 
fine  I  the  htM  p% 
of  king  4WMtr 
visibk) 


SUghHy 
thait      Ko, 
Struclwm 
to  Ho.  10. •*•*«,, 


KL 


Tery  hard. 
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— RSaVLTS  OBTAINED  WITH  FIVE  8AH- 
VLXS,  HARDENED  IN  WET  GROUND. 


1 
I 


IS. 


14. 


S. 


ICiXTums. 


1     lime.  ) 

1     Urraoe.  > 

Umod.  ) 

1     lime.  ) 

8     gro'dsUg.  f 


1     lime. 
H  ifiro'dslAg. 
1|  gnnl.sUg. 

1     lime. 

6    granl.  sUg. 


Pure  Portland^ 
cement  without  > 
simd  or  lime.    ) 


Appearance  and 
HardDess. 


Not  very  hard , 


Considerably  har- 
der than  No.  12. 
Stmctare  fine  and 
dense 

Harder  than  No. 
4.  Structure  less 
fine 

Harder  than  No. 
14.  Structure  fine 
and  dense 

Very  hard 


EH 


5,600 

11,700 

11,680 

25,200 
42,800 


The  above  results  show  that  granalatecl 
<Mr  ground  blast-fornace  slag  is  a  very  valu- 
able material  for  ordinary  and  for  cement 
mmaonry,  and  that  in  the  property  of  form* 
ing  a  very  solid  mortar,  it  stands  in  the 
middle  between  tarrace  and  Portland  cement, 
being  considerably  superior  to  the  former. 
The  testi  of  the  samples  No.  7  and  8  prove 
that  a  great  saving  of  lime  can  be  effected 
bj  the  use  of  slag.     Ground  slag  has,  there- 
fore, a  much   higher  value   than   the   best 
aand.     It  looks  and  acts  like  cement,  and 
shows  the  same   kind  of  crcasiness  when 
mixed  with  fresh  slacked  Time.     It  would 
be  a  verv  valuable  ingredient  to  mi^  with 
Porltand  cement,  to  make  the  latter  cheap^ 
er,  and  thus  bring  it  into  more  extensive 
use.  S. 

PAPIB  Belting. — Messrs.  Crane  &  Co> 
of  Dalton,  Mass.,  have  succeeded  in 
making  belting  from  paper,  and  the  article 
is  now  used  in  all  their  own  mills  and  several 
other  manufacturing  establishments.  The 
beltinff  is  said  to  resemble  the  genuine  oak- 
tanned  leather,  and  to  servo  well  both  in  a 
dry  or  damp  atmosphere. 


HEATING-FURNACE  60ILER&  . 

From  <'  The  EngiiMer." 

It  is  more  than  probable  that  as  much 
steam  is  raised  in  Great  Britain  alone  dur- 
ing each  year,  in  small  boilers,  as  would  cost 
£150,000,  if  coal  were  specially  burned  to 
generate  it.  Furnace  boilers  may  be  counted 
by  hundreds,  if  not  by  thousands;  nearly 
aU  the  iron  we  make  in  this  country  is  smelt- 
ed, and  hammered,  and  rolled  principally  by 
the  aid  of  steam  raised  from  the  waste  heat 
or  waste  gases  of  our  puddling,  heating,  and 
blast-furnaces.  It  might  be  supposed  that 
everything  would  be  known  as  to  the  gen- 
erate powers  of  boilers  so  extensively  used  ; 
while  all  that  concerns  their  construction 
would  have  been  settled  on  the  best  principles 
lon^  since.  Tot,  strange  to  say,  this  is  very 
far  mdeed  from  being  the  case.  We  have 
recently  had  occasion  to  investigate  the  sub- 
ject pretty  closely,  and  we  find  that  the  ut- 
most ignorance,  and  probably,  as  a  conse- 
quence, the  greatest  possible  diversity  of  opin- 
ion, exists  on  almost  every  point  oonnected 
with  furnace  boilers.  No  one,  for  example, 
appears  to  know  how  much  steam  five,  ten, 
or  a  hundred  square  feet  of  heating  surface 
in  a  furnace  boiler  should  generate  in  an  hour. 
An  engineer  putting  down  new  works  must,  as 
far  any  written  law  goes,  be  absolutely  in  the 
dark.  He  can  of  course  servilely  copy  what 
has  been  done  by  other  engineers  ;  but  it  by 
no  means  follows  that  he  will  of  necessity  ob- 
tain the  same  results.  Boilers  pvt  down  in 
apparently  nearly  the  same  way  in  diffierent 
districts,  manifest  different  powers  of  evapora- 
tion. This  is  bad  enough,  but  when  wo 
turn  to  questions  connected  with  the  safety 
and  durability  of  boilers,  we  find  them  still 
worse.  Boilers  are — ^we  believe  through 
ignorance— so  badly  designed,  badly  made, 
and  badly  set  that  explosions  are  of  everv 
day  occurrence.  Shall  we  say  too  much  if 
I  we  assert  that  the  boiler  engineering  of  our 

Cat  iron  districts  is  a  disgrace  to  our  pro- 
sion  ? 

The  causes  leading  up  to  this  result  may, 
we  think,  be  easily  indicated.     If  once  fair- 
ly examined  we  also  believe  that  it  is  quite 
possible,  that  means  may  be  found  to  raise 
'  furnace  boiler  engineering  out  of  the  slough 
of  despond  into  which  it  seems  to  have  fallen. 
)  One  reason,  then,  why  the  most  is  not  made 
of  the  furnace  boiler  is  that  it  is  always  re- 
I  garded  as  a  matter  of  the  most  secondary 
I  consideration.     The   first  point  is  Uiat  the 
I  draught  of  the  fUmace  must  not  be  inter- 
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of  the  extension  of  commerce 

m&ctares,  they  were  entrusted  to  a 

I  of  men  named  civil  engineers,  to  dis- 

them  from  the  military  engineers, 

I  duties  were  those  of  attack  and  de- 

>  wlule  the  former  were  engaged  in  the 

taction  of  roads,  bridges,  harbors,  light- 

■9  docks,  and  other  hydraulic  works, 

their  engines  and    machinery;  and, 

h  on  railways,  of  which  about  14,300 

~  have  been  executed  in  the  United 

^^^  profession  of  the  civil  engineer  is  one 

importance  in  all  progressive  na- 

» and  its  members  should  be  worthy  of 

Sng  whioh  has  numbered  among  its  mem- 

k  Ae  kings  and  priests  of  early  ages,  the 

.-.gr^»ii6z  Maximus  of  the  Romans,  and  the 

'■^Sriitian  Popes,  the   Csesars,   the  Roman 

%imnlB,  and  those  succeeding  them,  down 

%  die  Great  Napoleon,  the  offspring  of  the 

s    )kieiieh  Revolution,  and  the  present  talented 

'   JbiMror,  who,  trained  some  time  in  England 

im  tke  school  of  adversity,  now  occupies  the 

ttrooe  of  the  French  Empire,  and  exercises 

m  <K»trolling  power  in  the  European  States. 

In  Mb  country,  the  origin  of  the  profes- 

flioD  of  civil  engineers  has  been  well  defined 

in  the  pre&ce  to  the  reports  of  the  eminent 

engineer,  John  Smeaton  (the  engineer  of  the 

IbddnUme  Lighthouse).    These  reports  were 

published  in  1 812,  and  and  although  of  great 

mtereet  to  persons  who  regard  the  profession 

of  the  civil  engineer  as  an  object  of  study, 

need  not  be  further  alluded  to  than  in  the 

following  sentence. 

Tke  memoir  states :  *'  Civil  engineers  are 
a  self-created  lot  of  men,  whose  profession 
ovrea  its  origin,  not  to  power  or  influence, 
Imt  to  the  best  of  all  protection,  the  encour- 
agement of  a  great  and  powerful  nation ;  a 
Dfttion  become  so  from  the  industry  and 
steediness  of  its  manufacturing  workmen 
and  their  superior  knowledge  in  practical 
chemistry,  mechanics,  natural  philosophy, 
and  other  useful  accomplishments."  From 
this  rapid  but  preliminary  sketch,  I  now 
come  to  the  artistic  division  of  the  subject — 
*'  Architecture  connected  with  structures  of 
civil  engineering,"  and  I  would  draw  your 
attention  to  the  fact  that  the  greater  the 
dimensions  of  the  structure,  provided  the 
outlines  are  graceful,  the  less  the  effect  which 
can  be  produced  by  architectural  decoration, 
becaose  the  mind,  impressed  by  the  vastness 
and  bcautv  of  the  outlines,  by  the  leading 
■  features  of  the  structure,  regards  in  a  less 
degree  those  architectural  features  which  in 


structures  of  minor  importance  are  so  pleas- 
ing. As  an  illustration  of  this  idea,  I  will 
refer  to  two  buildings  which  yon  may  all 
know — viz :  the  beautiful  Water  Gate  of 
Inigo  Jones,  now  at  the  river  end  of  Buck- 
ingham-street, Adelphi,  and  the  noble  struc- 
ture of  London  Bridge,  the  work  of  the 
great  engineering  family  of  the  Rennies. 
Every  detail  in  the  Water  Oate  is  well  worthy 
of  study,  and  produces  a  most  pleasingeffect ; 
but  in  the  great  structure  of  London  Bridge, 
although  the  dentiled  cornice  and  the  simple 
parapet  are  so  well  adjusted  as  to  form  a 
most  successful  example  of  architectural  ap- 
plication well  worthy  to  be  imitated,  yet  the 
size  and  proportion  of  the  arches  and  piers 
are  such  that  the  architectural  details  are 
almost  lost  in  the  vastness  and  majority  of 
the  whole. 

Referring  back  to  the  early  works  of  utili- 
ty, I  would  state  that  among  the  works  of 
the  Romans  of  an  engineering  character  may 
be  especially  named  those  great  aqueducts 
which  supplied  such  volumes  of  water  into 
Rome  and  other  cities  of  the  extended 
empire.  These  structures  of  essential  utili- 
ty were  rarely  devoid  of  architectural  treat- 
ment. In  some,  the  masonry  was  rusticated, 
the  arch  stones  being  plain,  in  others  pilas- 
ters spring  from  the  first  tier  of  arches,  as 
in  the  aqueduct  of  Merida  in  Spain.  The 
division  of  the  height  of  the  aqueduct  into 
arches  upon  arches,  not  only  secured  stabili- 
ty in  structures  so  narrow,  but  formed  a 
pleasing  architectural  effect,  and  a  series  of 
arches  of  a  lesser  span  surmounting  the 
whole,  on  which  was  carried  the  channel  for 
the  water,  formed  as  it  were  an  ornamental 
attic  story,  examples  of  which  were  given  in 
the  Aqueduct  du  Gard,  that  of  Theodoric  at 
Spoleto,  and  others.  The  practice  of  in- 
troducing small  arches  in  the  highest  story 
of  the  aqueducts  is  followed  by  the  architects 
of  France  as  may  be  seen  in  the  noble  struc- 
tures of  Roquefavour,  of  recent  construction, 
and  that  of  Montpellier,  of  the  last  century. 

There  are  two  structures  of  early  times  to 
which  I  would  especially  refer  on  account  of 
their  lofty  proportions.  These  are,  the 
bridge  at  Alcantara,  constructed  in  the  reign 
of  Trajan,  and  the  Aqueduct  of  Spoleto,  at- 
tributed to  Theodoric,  the  truly  great  Gothio 
King  of  Italy,  who  died  a.  d.  526.  The 
bridge,  or  **  Alcantara,"  wast  constructed 
over  the  Tagus,  in  a  depth  of  40  feet  of 
water,  A.  d.  105  ;  and  its  height  above  the 
level  of  the  river  is  245  feet,  making  a  total 
height  of  285  feet,  which  is  80  feet  higher 
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snDine  the  ornaments  and  moald- 
.  work  of  the  civil  engineer,  most 
pon  mat  knowledge  and  refined 
3  hoiidings  of  the  crypts,  such  as 
iter  and  Lambeth,  for  heavy  works ; 
Henry  III,  where  admissible,  ac- 
3  the  proportion  of  the  arches,  are 
ig ;  if  in  designs,  where  the  Tudor 
Dtroduced,  then  the  mouldings  of 

And  I  may  here  state  that  of  all 
ere  science  and  art  are  wonderfully 
,  there  has  been  no  work  before  or 
time  more  wonderful  than  that  ex- 
ry  construction,  the  sem  of  Gothic 
ire,  the  roof  of  the  Chapel  of 
le  Seventh.  Yon  must  ever  keep 
hat  the  progress  and  perfection  of 
esigns  are  the  results  of  great  and 
minds,  and  that  the  employment  of 

persons  without  knowledge  and 
aste,  however  wealthy  may  be  the 
lers,  must  ever  be  a  retardation  to 
&nd  discreditable  to  the  country. 


SATION  IN  STEAM   ENGmES 

0o«8t^,  GoTeinment  Director  of  Mannf . 
kied  from  «  AniMlea  da  G6nie  Cirii.** 
(Continaed  from  page  694.) 

surface  condenser,  the  feed  water 
tilled  and  condensed,  without  ming- 

cold  water,  there  can  be  no  back- 
due  to  the  gases ;  consequently,  in 
-al  equation  (No.  5),  we  must  cancel 
)  relating  to  that  part  of  the  back- 
There  is  also  no  injection  water, 
term  affected  hj  fi  1  is,  therefore, 
anceled. 

mis  of  work  in  the  surface  con- 
Taking  into  account  these  modifi- 
Sq.  5  becomes  adapted  to  the  sur- 
lenser  in  the  following  form : 

ISL  [(P-/)^.i  (1-C08 

;:— ^)  +  3/ (18), 

/3  =  0 ;   for  here,  even  more  than 
lecting  condenser,  the  heat  absorbed 
mdenned  water  may  be  neglected, 
letallic   surfaces    well   cleaned   we 

(8). 

a  is  the  mean  temperature  of  the 
mrfuce  of  the  condenser  and  varies 

O  and  0.  iG  =  thc  temperature  of 
Vol.  I.— No.  9.-53. 


steam  as  it  enters  at  the  pressure 
we  may  put 


a  = 


"2~- 


Since  b  is  the  mean  temperature  of  the 
exterior  surface   of  the  condenser,  if  thet. 
water  is  rapidly  circulated  (a  matter  very, 
essential  to  the  good  performance  of  the  ap» 
paratus),  we  may  admit  &  to  be  equal  to  the ' 
mean  temperature  of  the  water,  both  at  the 
entrance  and  exit.     As  the  interior  snrfiice 
is  always  covered  with  a  very  thin  layer  of- 
stagnant  water  of  condensation,  and  the  ex-' 
tenor  surface,  notwithstanding  the  renewal - 
of  the  water,  is  covered  by  an  analogous 
deposit  of  stagnant  water,  protected  by  the 
rugosities  of  the  metal,  we  must  allow,  ao-' 
cording  to  P^let,  that  a'  is  independent  of 
the  thickness  of  the  walls,  and  is  simply 
a'=ka(a  —  b) 

But  for  the  co-efficient  k  we  cannot  now. 
use  the  number  19.11  (in  the  case  of  a  cop-, 
per  condenser),  for  a  wall  whose  surfaces  are 
obstructed  throughout  the  operation,  since 
this  co-eflBcient  is  applicable  only  on  the 
assumption  of  a  perfect  renewal  at  every 
instant  of  the  water  in  contact  with  the 
exterior  surface.  We  must  adopt,  then,  the 
co-efficient  1.6,  which  results  from  the  expe«, 
riments  of  M.  M.  Thomas  and  Laurens,  for 
the  conducting  power  of  copper  under  these 
conditions. 

2.  Casb  I. — Copper  condenser  with  dean 
surfcLces. — We  have,  then,  for  the  condenser 
with  clean  surfaces, 

Tc,=  JSL[(P-/)j^.i(l-oos 

R.r(,(a-6)ik;^^-^J  •  •  •  •  t^*)' 
in  which  expression  A:  =  1.6.  We  shall  em« 
ploy  k  with  a  value  of  19.11,  instead  of  A:, 
when  applicable  to  a  wall  whose  surfaces  are 
constantly  washed  by  water. 

3.  There  is  between  a  and  B  a  necessary 
relation,  due  to  a  periodical  equilibrium^ 
which  we  must  assume  to  exist  in  the  con* 
denser,  for  we  must  consider  the  action  of 
this  apparatus  from  the  instant  at  which  the 
temperature  6  becomes  constant.  From  that 
instant  the  quantity  of  heat  brought  to  the 
condenser  by  each  stroke  of  the  piston,  di- 
minished by  the  quantity  retained  by  the 
condensed  water,  ought  to  pass  through  the 
surface  (7  in  a  time  equal  to  the  duration  of 
a  piston  stroke.  The  quantity  of  heat 
brought  by  each  stroke  is  ^  X  650,  and  the 
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qnantitj  to  be  transmitted  is  q  (650  —  6). 
The  quantity  which  the  surface  will  transmit 
in  a  unit  of  time  la  k  a  {a  —  b);  and  in  the 
time  T,  or  one  piston  stroke,  t  k  a  {a  —  b); 
but  in  taking  into  account  the  retardation 
expressed  by  the  co-eiiicient  R,  it  becomes 
Rs  T  (7  (a  —  b)  k.  Hence  the  equation 
q  (650  —  6)  ^B,^T  a  (a  — b)k;  and 

650  — ^    1      1  ,..  , 

a  sz  q ^  - —  ....     (14a). 

^     a  —  6    R.  T  Ac  ^       ' 

This  equation  gives  the  minimum  value  a 
for  a  given  value  of  6.  It  also  clearly  ex- 
presses this  condition  of  the  value  of  (7,  that 
the  act  of  condensation  is  simultaneous,  both 
in  its  duration  and  termination,  with  the 
stroke  of  the  piston.  If,  abo,  for  any  value 
of  6  the  surface  is  less  than  this  minimum, 
the  equilibrium  will  ensue  at  a  normal  tem- 
perature higher  than  0,  On  the  other  hand, 
if  the  effective  surface  he  N  a  (supposing 
N  >•  1)  the  work  of  the  condenser  will  be 
less  than  in  £q.  (14),  which  expresses  a 
maximum,  the  effective  work  now  being 

Te*  =  JSL(^=/.  -J^  +  8/).  (14ft) 

N  beinff  the  ratio  of  the  actual  surface  to 
the  minimum  surface. 

4.  Second  Case. — Condenser  incnated 
on  its  interior  surface. — ^We  will  take  the 
case  of  a  plate  of  metal  of  the  thickness  e, 
covered  with  an  incrustation  of  low  con- 
ducting power  of  the  thickness  rj^  and  having 
for  a  co-efficient  of  interior  conductibility  y. 


The  face  A  B  of  the  crust  is  in  contact  with 
the  steam  and  transmits  the  heat  to  the  me- 
tallic plate.  This  face,  then,  has  the  mean 
temperature  a ;  the  metallic  face  C  D  has  a 
mean  temperature  b ;  the  face  E  F  common 
to  the  metal  and  the  crust  will  then  have  an 
unknown  mean  temperature  u.  The  quan- 
tity of  heat  transmitted  per  unit  of  time 
and   per  unit   of  surface   of  the   crust  is 


^=-£.(a 
a,         n 


u).     At  the  moment  of  ther- 


mal equilibrium  this  quantity  is  equal  to 

that  which  passes  through  the  metal,  having 

,  .       a        k* 

for  its  expression  -^=  — (u  —  b).    Hence 

^(u-b)=.:L(a-u) 


Eliminating  u 
Vy 


Substituting  ii 

Tcf,  =  }SL 

g(650  — tf) 
R.  r  o,  (a— 6)  ' 
Witl)  the  ezpi 
surface 

.,  =  ,(« 

or 

/650— 6 

1        e 

and 

5.  Third  C 
the  outside, — ] 
covered  with  a 
of  the  conduct] 
sions  anologon 
which  we  may 
make  e=  1,  wl 
metal,  and  repi 

T  +  T 
Tc*/=  JSI 
q  (650— g) 


B..Ta/{a—b] 
/650  - 

/650- 

1        J^ 

k      • 


K.r' 
and 
Tc*/  =  iSL 

6.  Fourth 
071  both  faces." 
the  thickness  e 
thickness  tf,  an 
its  interior  fact 
crust  of  the  thj 
on  its  exterior 
w  be  the  unkn< 
of  contact  E  1 
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Daring  the  equilibrium  of  tempera- 
te quantity  of  heat  passing  in  a  unit  of 
tirough  both  of  the  crusts  and  through 
ital  will  be  the  same.  This  quantity, 
ered  as  passing  through  the  crust  A 
,  is,  according  to  ^  4, 


{a-b). 


sidered  as  passing  through  the  crust 
H  it  will  be 

-^  =  —  {to  —  b);  hence, 


minating  w^ 

1 
«//  = 


b); 


a„  (a  —  b) 


e  equation  of  work  becomes 


(17) 


=  iSL  j  (P-/)j-^.     j[l_ 


q  (650  —  6) 

I  minimum  of  surface 
650  — ^         1  ,      650  — ^ 

650  — ^         1 


1  +  9 


rr'    R.rk'' 


(I7a) 


=  iSL((^^.    -lJr+3/)     (lib) 

I J  equations  (15a),  (16a),  (17a),  it  ap- 
hat  ifOhe  considered  as  a  constant,  and 
e  as  variables,  the  function  a  increases 
ftpidly  in  proportion  to  any  increase  of 
joantities,  for  the  equations  represent 
or  plane  making  a  small  angle  with 
b  of  (7,  while,  as  factors,  the  co-effi- 

^     (a  —  6)  •  R,  r  «  ^    (a  —  6)  • 

are  always  very  large.     This  shows 

f  we  are  considering  a  given  tcmpcra- 

,  the  surface  condenser  must  have  a 

650  — (?      1 
am  coolmg  surface  =  q 


a  —  b  •  R,  T  « 
e  to  the  incrustcd  metal.  But  if  we 
)  omit  a  specific  determination  &f  the 
ce  of  incrustations  we  must  give  to 
"face  a  much  greater  extent  than  this 
am  value,  and  one  increasing  rapidly 
le  thickness  of  the  scale.  Hence,  as 
shown  in  ^  2,  these  equations  express 


a  condition  of  the  minimum  of  surface, 
regard  being  had  to  the  development  of 
crusts;  and  if  this  minimum  ceases  to  be 
obtained  by  reason  of  that  development,  the 
temperature  6  will  increase  until  the  equa- 
tion of  the  minimum  is  satisfied. 

8.  Maximum  conductibUity  of  the  metal, — 
Before  discussing  the  equations  relating  to 
the  surface  condenser,  it  may  be  well  to  ex- 
amine an  experimental  fact,  which  is  very 
singular,  and  appears  to  be  somewhat  paro- 
doxical,  but  upon  the  certainty  of  which 
engineers  seem  to  agree.  According  to 
P^clet  (who  has  given  a  plausible  expbna- 
tion  of  it  by  observing  that  a  slight  incrust- 
ation increases  the  surface,  by  reason  of  the 
rugosities  which  it  produces),  perfectly  clean 
metal  transmits  less  heat  than  when  it  is 
slightly  incrusted.  We  have  stated  that  the 
co-efficient  of  the  oondqgtibility  of  the  metal 
may  have  two  widely  different  values,  ac- 
cording to  whether,  or  not,  it  is  placed  in 
immediate  contact  with  the  heating  body  on 
one  side,  and  the  cooling  body  on  the  other. 
It  follows  from  the  experiments  of  P^lct, 
that  when  this  immediate  contact  takes  place 
(as  when  the  surfaces  of  the  metal  are  con- 
tinually washed,  so  that  the  film  of  adherent 
water  is  perpetually  renewed  at  every  in- 
stant), the  quantity  of  heat  passing  through 
the  metal  in  a  given  time  is  in  an  inverse 
ratio  to  the  thickness  of  the  metal.  But  if 
there  is  no  such  renewal  of  the  adherent 
film,  the  quantity  of  heat  transmitted  has  no 
definable  relation  to  the  thickness  of  the 
plate.  This  is  a  consequence  of  the  high 
conductibility  of  metallic  bodies  (the  fftot  is 
quite  otherwise  with  bad  conductors) ;  that 
is,  in  the  first  case,  the  quantity  is  expressed 

for  a  unit  of  surface  and  time  by  k  ^ 

and  in  the  second  case  by  A:  (a  —  b).  In 
the  case  of  copper  k  is,  according  to  P^let, 
19.11,  and  according  to  the  experiments  of 
M.  M.  Thomas  and  Laurens  k  =  1.60. 

The  difference  between  the  co-efficients  k 
and  k  will  furnish  an  explanation  of  the  ex- 
perimental fact  which  we  have  stated.  The 
quantity  of  heat  transmitted  by  a  plate  in  a 
unit  of  time  and  per  unit  of  surface  is: 

(1).  In  the  case  of  metal  well  cleaned, 
but  not  washed  during  the  act  of  absorption : 

a'^k(a  —  b). 

(2).  In  the  case  of  incrustation  of  that 
face  only  which  receives  the  heat : 

^r     /         ii\ 
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quantities  measare  the  efficiency 
ondcoser,  for  it  is  by  these  qaan- 
it  we  most  multiply  the  extent  of| 
and  the  difference  of  temperatures 

to  obtain  the  respective  quantities 
;raD8mitted  in  a  unit  of  time. 
I;  us  now  compare  Eq.  14  expressing 
:  of  a  clean  surface  condenser  with 
lative  to  the  injecting  condenser, 
;  in  the  latter  the  co-efficient  R. 
ig  the  cosine  by  its  value  as  a  func- 
ts  arc,  these  equations  become 

/] (14a) 

(7«) 

3e    that    the    two    condensers    are 
all  respects,  excepting  those  ele- 
lich  characterize  the  two  systems. 
;  then  have 

p  S  L  _P— p     (a  —  by    1-f-r 
/  S  L 


=  P_/  (e_^).-  i+r 


is  evidently  <^  1;  k,  the  co-efficient 

ase  of  metal  cleaned,  but  having  a 
n  film  of  stagnant  water  upon  its 
is  necessarily  smaller  than  fi,  the 
nt  of  the  exterior  conductibility  of 
iT ;  for  k  includes  both  the  effect 
d  by  /i  and  the  resistance  of  the 
the  passage  of  the  heat.    We  have 


c  t 


pSL  ^  <7'       R.* 


sc—fS  L 

I  the  work  due  to  the  retardation  of 
btion  in  the  two  kinds  of  condensers 
lore  rapidly  than  the  inverse  ratio 
uares  of  the  surfaces  <J  and  £,  mul- 
y  the  square  of  the  ratio  of  the  co- 
R.  and   R|,   which   is   less   than 

aequality  serves  as  a  measure  of  the 
luperiority  in  principle  of  injecting 
face  condensation  through  metallic 
ven  without  considering  the  effects 
tation,  which  we  have  partially  dis- 
This  superiority  is  very  decided ; 


Ist,  because  a  is  limited  by  the  cost  of  ap- 
paratus and  by  the  space  it  requires,  and 
because  it  is  constant  for  a  given  apparatus, 
while  2  can  be  increased  very  considerably 
without  increase  of  space  or  power,  and  oan 
be  varied  at  pleasure  ;  2d,  because  the  co- 
efficient R.,  which  depends  upon  the  firiction 
of  the  steam  in  the  tubes  of  the  condenser 
and  the  resistance  of  the  air  in  these  tabes, 
ijs  very  small  in  comparison  with  Bi.  The 
principle  of  injection  ought  not  therefore  to 
be  abandoned  without  some  absolute  neces- 
sity, and  I  shall  show  hereafter  that  no  such 
necessity  exists. 

(To  beoontinaed.) 


TUBE  SEHING. 

From  «The  Praoiieal  M«ohaiiio'i  Joaraal." 

Were  we  to  go  back  to  the  commencement 
of  the  uses  of  tubes,  when  the  necessity  of 
their  being  fixed  in  series  with  either  air, 
steam,  or  water-tight  joints  in  tube-plates 
began  to  be  understood,  we  should  have  a 
somewhat  lengthy,  but,  nevertheless,  inter- 
esting history  of  one  most  important  detail 
in  mechanical  engineering  practice  to  follow 
out.  We  should  have  to  lay  down  in  order 
the  trials  made  with  '*  tubulous"  as  well  as 
tubular  boilers  prior  to  the  St.  Etienne  ex- 
periments of  lo28,  to  record  the  anxious 
overlooking  and  months  of  heavy  toil  under- 
gone by  Henry  Booth,  Bobert  Stephenson, 
and,  we  believe,  Launcelot  Young,  in  get- 
ting the  "Bocket"  boiler  ready  for  the 
Bainhill  competition ;  whilst  in  attending  to 
this  branch  of  tube-fixing  alone  anv  record 
would  be  but  very  incomplete,  as  it  would 
leave  out  of  consideration  numerous  other 
cases  wherein  an  effectivelv  fitted  tube  and 
plate-joint  have  been  found  essential,  as  in 
the  instances  of  surface  condensers,  brewery 
refrigerators,  coolers,  et  hoc  genus  omne. 

Yet,  however  much  the  effective  fixing  of 
tubes  has  been  found  an  engineering  diffi- 
culty to  carry  out  with  close  regard  to  econ- 
omy, the  methods  adopted  in  the  several  in- 
stances which  we  have  enumerated  are  each 
totally  different ;  and  compulsorily  so,  from 
the  conditions  governing  every  individual 
case. 

In  the  case  of  a  steam-boiler,  the  joint  is  re- 
quired to  remain  tight  and  secure  under  vari- 
ous and,  more  usu^ly,  very  high  pressure  of 
steam,  at  correspondingly  intense  degrees  of 
temperature ;  to  resist  which  it  is  necessary 
to  insure  almost  atomic  contact  between  the 
metal  of  the  tube  and  tube-plate.    ThnSi 
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repliced  in  the  same  boiler,  because 

ids  are  gcDcrally  corroded  into  ebem- 

ity  wito  the  tube-plate,  and  are  beat 

battened  about  into   various    tortuous 

;•  besides  being  split  in  the  separation. 

IB  thi«  all  the  injury  done,  for  it  fre- 

y  happens  that  the  hole  in  the  tube- 

u  throirn  s,o  much  out  of  form  by  rust 

lug,  that  It  has  to  be  re-bored — that 

d — to  render  it  fit  for  receiving  a 

¥  lube*     The  loss  iueurred  ibruugh  the 

triii  tjon  of  the  tube  endii  was  felt  to  be 

iM  in  one  factory  with  which  we  are 

ted,  that  a  few  years  ago  the  super- 

i<  engineer   proposed   to    employ  a 

rter,  working  in  a  lathe,  for  the  pur* 

si|uaring  off  the  ends  of  the  injured 

and  he  further  proposed  to  une  tliem 

by  putting  ou  a  short  length  of  tube 

of  the  ends,  jointing  the  two  togetber 

tog  over  an  interior  ferrule.    We  are 

Bure  whether  the  propo&al  was  carried 

oitetiflively,  and   we  even   doubt   if  it 

Ini  ecaoomicaliy  and  with  general  sue* 

mdopted,  for  many  practical  diOicuUicfl 

ar  lo  us  to  lie  in  the  way.    Of  late  years 

iC  of  the  defects  to  which  we  have  allud- 

h^ve  been  partially  overcome  by  the  in- 

iQtion  of  took  for  cutting  the  endfl  off 

bes  before  they  arc  removed. 

'a  retuni,  however,  now  to  conj^ider  the 

i«llioda  and  tools  employed  for  expanding 

1h3  ends  of  the   tubes  outwards  80  as  to  fit 

lio  tube*plate  holes. 

Some  years  ago»  when  the  necessity  for 

inlog  this  in  a  more  rapid  manner  than  by 

be  **  hammer  and  plug**  method  was  ^eri* 

Ij  felt,  several  forms  of  expand (ug  man* 

^U  cropped   up,  some  actuated   by  screw 

lure,  and  otbers  by  hydraulic  pressure ; 

ilii  mil  these   have    now  yielded   to    those 

of  tube  expanders  in  which  the  ex- 

oaioQ  u  produced  by  the  stretching  action 

4  &  series  of  rollers  revolving  inside   the 

ube  and  presaed  outwards   by  means  of  a 

«iiiral  cone.     Until  quite  recently  the  tool 

a  by  Dudgeon,  of  New  York»  was  un- 

'ly   the   most  rapidly  acting,  and  in 

A'ts  the   best   tool  for  the   purpose 

h  L'Ugiaeers  possessed.     Yet  Dudgeon *s 

uder  has  some  defects,  amongst  which 

may  mention  the  impossibility  of  pro* 

a  parallel  eipanaion  of  the  whole 

Bgih  of  the  expanded  part  of  the  tube,  so 

fit  perfectly  the  hole  In  the  plate,  ex- 

when    the   central    taper   mandrel    is 

fully  in»  BO  that  the  parallel  upper 

it   bears   throughout    their   entire 


? 


length  upon  the  rollers;  and  whilst  thd 
tube-plate  holes  may  sometimes  be  of  size 
to  enable  the  mandrel  to  be  driven  in  so  far, 
yet  it  can  only  in  few  cases  be  so. 

Dudgeon's  expander,  although  for  a  year 
or  two  now  pretty  largely  used,  must,  we 
are  disposed  to  think,  give  place  to  another 
form  of  expanding  insti  ument  introduced  by 
Mr.  Thorasom,  engineer,  of  Glasgow  ;  and 
although  only  a  few  mouths  before  the  pub- 
lic, this  instrument  has  been  made  and  sold 
in  very  large  numbers. 

Like  Dudgeon^s  instrument,  Thomson^s 
also  consists  of  a  central  cone  and  surround- 
ing rollers,  Dudgeon's  being  parallel ^  whilst 
Thomson^s  are  truncated  eones.  In  Thom- 
son's expander  the  taper  of  the  roller  lies 
opposed  in  direction  to  the  taper  of  the 
mandrel,  and  the  ratio  of  taper  ou  each 
being  equal,  necessarily  insures  that  points 
in  the  circumference  of  the  rollers  lie  paral- 
lel to  each  other;,  thus  producing  a  parallel 
expansion  of  the  end  of  the  tube  so  as  to 
thoroughly  fill  the  hole  in  the  tube-plate. 
Thomson's  expander  being  the  most  recent, 
we  have  thought  it  desirable,  in  order  to 
give  additional  clearness  to  our  previous  re- 
marks, to  illustrate  by  woodcuts. 

The  instrument  is  made  in  several  forms, 
two  of  which  are  shown  at  figs.  1,  2,  3  and 
4 ;  figs.  1  and  2  being  an  elevation  and  plan 
of  one  arrangement,  figs.  3  and  4  a  vertical 
section  and  plan  of  another  arrangement. 
In  figs.  1  and  2  the  expanding  rollers  a  are 
held  by  circularly  dove-tailed  heads  b  in 
dove-tailed  radially  situated  recesses  c  form- 
ed in  the  body  A,  so  that  they  cannot  fall 
or  be  pulled  out.  When  that  part  of  the 
instTumcnt  which  secures  the  rollers  a  is 
placed  within  the  end  of  the  tube  to  be  ex- 
pandedf  the  nut  B  is  tightened  on  the  sorew 
C  against  the  head  of  the  body  A.  This 
has  the  effect  of  drawing  the  large  end  of 
the  central  conic  mandrel  iuwarda,  and  it 
therefore  presses  out  the  rollers  a  against 
tbe  interior  of  the  tube.  When  they  are 
thoroughly  tightened  so  as  to  press  the  tube 
against  the  hole  in  tbe  tube-plate,  the  whole 
instrument  is  rutated  iu  the  tube  by  apply- 
ing a  winch-handle  or  wrench  to  the  requir- 
ed end  f  oi  the  central  spindle.  When  the 
expansion  of  the  tube  has  been  effected,  the 
instrument  is  removed  by  lo6sening  the  nut 
B,  thus  allowing  the  central  spindle  to  be 
pushed  inwards,  and  therefore  releasing  the 
pressure  on  the  cones.  In  the  other  form 
of  the  instrument,  shown  at  figs.  3  and  4, 
the  action  is  the  same  as  in  the  precediogt 
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Imt  the  C0DC8  are  beld  in  place  hj  the  flexi- 1  cut-off  ends 
ble  steol  or  clastic  ring  cf,  which  embraccB   shown  in  cl 
recessee  in  their  tieck^. 

Instrumenti*  founded  on  similar  construc- 
tion to  the  expander  have  also  been  intro- 
duced by  Mr,  Thomson  for  cutting  tubes, 
also  for  withdrawing  both  ferrules  (when 
these  are  used),  as  well  as  the  abort  pieces 
of  tube  from  the  tube-plate,  without  injur- 
ing the  holes  therein.  The  tube  cutter  is 
ahown  at  fig,  5  in  elevation,  and  at  fig 


a  spindle  A 
end.  A  hoi! 
number  of  cla^ 
B,  80  that  bj  t 
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catch  against  1 
G,  and  by  cent 
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end  view.  The  cutting  disc  a  is  carried  on 
an  axis  in  the  Cftrriage  h,  which  is  kinged 
by  a  bar  to  the  body  of  the  instrument  at  c- 
Tne  body  also  ca^rries  rollers  d,  and  in  the 
center  the  taper  guide  e ;  and  ma  the  cju-* 
riagc  h  aod  the  cutter  a  are  forced  down- 
wmrds  upon  the  guide  e  by  the  mil  /,  the 
catting  disc  a  ia  forced  out  mgainst  sod  into 
t^  -  -  -nl  of  the  lube  to  be  cut.  By  tum- 
1  nstrumeni  round  with  a  wrench  ap* 

piiiMi  M  the  squared  end  g^  the  disc  a  being 
meed  oui  tuU  an   even   indentation  aU ' 
rovod  lh«  interior  of  the  tube,  two  or  three  \ 
revt>}uti(yaa  being  BU^cienl  to  cut  ordinary 
boilfit  tubei  eott&nletely  through. 
'The  t0oHot  Withd^wing  feimlee  or  the 
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the  foregoiDg  part  of  this  paper, 

aed  our  remarks  luore  especially  to 

ibe«.     We  now  propose  to  consider 

been  dooe  to  effect  the  same  ob- 

•0  condensers. 
ini^  which  have  been  at  differ* 
ena  ployed  for  fixing  c  on  dense  r- 
f   be   divided  into  three  general 

In  which  the  packing  uacd  is  metallic. 
By  means  of  fibrous  packing. 
Hv  meaafi  of  elastic  media   such  as 
•rubber* 

»d  A  was  proposed  and  first  used  by 
Vatt  for  fixing  the  tubes  of  his  aur- 
i     sera,  which  he  at  an  e^irly  date 
rence  to  the  injectioa  condenser. 
hot  informed   accurately  (so  far  as 
bren  able  to  ascertain)   as   to   the 
Is  of  the  method  by  which  they 
liut  as   their  upper   and   lower 
-ecured   in  cast   irou  boxes,  we 
...a  they  must  have  been  expanded 
hj  drifting.     Similar  coodensers,  bo  f&r  ats 
aan  learn,  were  con- 
ilod  on  the  Clyde  by 
[r.  David  Napier,  about 
1820-2 U    aud  about   the 
1    Brunei  pat- 
r  form  of  con- 

Very  little   importance 

m^     however,    achieved 

II  li  Ihf^  surface  cod  denser 

ill  18^1,  when  Samuel 

U  iurticd  his  attention 

cbe  subject,  and  cventu- 

produced  auch  excel- 

reaaits. 

Li  mode  of  fixing  is   shown  at  fig.  8, 
which  is  a  longitudituil  t^eotion  of  a  tube  A 
tn  the  con de user  tube-plate  B.     The 
it!  i\w  tttbe*plat6  B  is  recesaed  to  a 
erable  depth,  the  recess  forming  an 

hkf  spac^e  surrouuding  the  tube  when  in 

tt  pUc«,  and  it  is  tapped  so  as  to  receive 
tho  abort  screwed  ferrule  C,  which,  being 
itrewed  down,  compreBees  the  ring  of  hemp 
I>  into  the  lower  part  of  the  receas.  By 
Ahia  mcADS  the  tube  is  not  ouly  very  effectu- 
^^Tlv  t..4d  in  the  plate,  but  at  the  same  time 
wed  to  expaud  and  contract  freely 
straining  either  the  plate  or  itself, 
nhiUt,  by  merely' withdrawing  the  ferrules 
ft!  uther  end  of  the  tube,  and  picking  out 
the  ht^mp  packing,  the  tube  la  left  free  for 
temaval.  We  must  remember  that  this  ar- 
;c»cut  ot  Haira  was  the  first  which  was 


found  practically  successfuL  There  is  no 
record  of  a  surface  condenser  having  been 
successfully  employed  in  a  »ea-going  eteamer 
at  any  previous  date. 

As  we  are  not  at  present  discussinri;  the 
merits  and  conatructiou  of  condensersi  them- 
selves, but  one  particular  detail  only*  aext 
in  order  we  find  Spencer's  method,  shown  at 
fig.  9.  This  consists  in  recessing  the  tube- 
plate  around  each  tube  A  to  the  depth  of 
,125  to  .187  of  an  inch  in  width,  and  com- 
pressing into  thorn  two  or  more  (but  usually 
two)  india-rubber  rings  B  C,  which  are  put 
in  sufiieiently  tight  to  prevent  leakage  when 
the  pressure  is  on  the  outside  of  the  plate. 
Then  follows  Sewell's  ;  it  is  shown  at  fig. 
10.  This  plan  of  fixing  condenser-tubes  is 
perhaps  the  most  complicated  of  any  intro- 
duced. The  tube  B  projects  some  distance 
beyond  the  tube-plate  A;  over  these  pro- 
jecting portions  a  sheet  of  india-rubber, 
formed  so  as  to  fit  over  the  whole  of  the 
tubes,  is  placed.  This  sheet  is  necessarily 
made  in  one  entire  piece,  of  the  same  si£o 
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as  the  tnbe-platca,  and  in  it  holes  are  formed 
to  correspond  in  pitch  with  that  of  tho 
tubes;  but  the  holes  th*^mselvc8  are  slightly 
less  in  diameter  than  the  tubes,  so  that  on 
beiDg  placed  over  them  the  india-rubber 
turns  up  in  a  cup-like  form  round  the  ex- 
posed ends,  as  shown.  Over  the  india-rub- 
ber sheet  is  an  outer  plate  l>  perforated  to 
correspond  with  the  tubes ;  tt  is  recessed,  as 
shown,  so  as  to  pass  over  the  tubes  and  sur- 
round the  india-rubber  cups,  at  the  same 
time  leaving  room  for  the  tubes  to  expand 
and  contract  freely  when  the  plates  are 
screwed  together.  The  diameter  of  the 
holes  in  the  outer  or  covering-plate  is  nearly 
the  same  as  the  interior  caliber  of  the  tubes 
themselves,  and  it  serves  two  purposes, 
namely,  of  keeping  the  india-rubljer  sheet 
cloae  against  and  on  the  ends  of  the  tubes, 
at  the  same  time  preventing  the  tubes  from 
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working  out  of  the  plates.  This  method, 
although  the  moat  expensive,  ha^,  we  be* 
lieve,  been  pretty  largely  adopted  of  late 
years,  but  we  know  that  some  engmeers  do 
not  think  favorably  of  it, 

Allen's  method  is  shown  at  fig.  11 ;  it 
consists  merely  in  inserting  a  wooden  ferrule 
A  into  an  annular  space  in  the  tube-plate 
which  surrounds  the  tube;  this,  on  being 
driven  in,  becoraea  compressed,  thereby  fill- 
ing the  hole,  and  &t  the  same  time  firmly 
holding  upon  the  tube  ;  but  before  being  put 
in,  the  ferruleii  are  first  scjueeEed  in  a  com- 
pressing machine. 

Howden's  method  is  shown  at  fig.  1*2*  In 
this  case  the  hole  for  receiving  the  tube  is 
reduced  to  a  depth  equal  to  about  three- 
fourths  of  the  thickness  of  the  tube-plate, 
and  into  it  a  short  length  of  plaited  cord  is 
compressed,  the  cord  being  very  easily  and 
quickly  inserted  by  means  of  a  tool  revolved 
in  the  recess  by  a  hand-brace  ;  this  system 
is,  perhaps,  the  cheapest  and  simplest  yet 
devised,  and  is,  we  understand,  coming  into 
use  on  board  of  several  steamers. 

The  last,  and,  so  far  as  we  can  learn,  a 
very  effectual  method  of  fixing  condenser- 
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tubes  LB  that  introf^uccd  within  the  last  few 
months  by  Marshall,  of  Leith  ;  it  is  shown 
at  tig,  13,  In  this  example  the  recess  sur- 
rounding the  tube  is  filled  with  an  india- 
rubber  ring  A,  which  ring  has  a  deep  annu- 
lar space  formed  in  it,  into  which  the  water 
passes,  having  the  effect  of  forcing  the  outer 
lip  of  the  ring  againnt  the  tube-plate,  and 
the  inner  lip  against  the  tube,  thereby  con- 
fltttuting  an  effective  joint  on  both  sides. 
Marshall's  plan  is  being  already  introduced 
on  the  Clyde  as  well  as  at  Let th,  and  the 
North  British  Rubber  Company  have  com- 
menced the  manufacture  of  the  rings. 

We  have  now  brought  together  all  the 
more  important  modes  of  fixing  surface  con- 
denser tubes,  and  as  we  shall  on  a  future 
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rebensiyely,  the  velocity  of  discharge 
L^dfl  on  the  density  as  well  as  the  pres- 
et the  fluid ;  the  lighter  the  fluid  the 
er  will  be  the  discharge.  Thus,  hydro- 
rill  issue  more  rapidly  under  a  given 
Ore  through  a  given  orifice  than  will 
spheric  air  under  the  same  conditions  of 
xire  and  orifice.  If  our  readers  have 
ired  us  thus  far,  they  will  be  able  to 
irehend  the  nature  of  the  law  determin- 
the  velocity  of  discharge  under  given 
litions  of  orifice  and  pressure.  But  be- 
riving  this  law  it  may  be  as  well  to 
un,  thiftt  any  body  falling  freely  under 
influence  of  gravity  has  a  progressively 
terated  rate  ;  the  velocity  being  in  En- 
il  and  similar  latitudes  such  that  16  ft. 
will  be  traversed  the  first  second,  48  ft. 
in  the  next  second,  80  ft.  5  in.  in  the 
bird  second,  and  so  on.  The  velocity 
falling  body  at  any  distance  from  the 
•»  where  it  started,  may  be  found  by  mul- 
ing the  square  root  of  the  height  passed 
igh  in  feet  by  S^^  the  product  being 
velocity  in  feet  per  second.  Thus,  a 
)t  has  been  suffered  to  drop  from  the 
»f  a  tower  100  ft.  high  ;  what  is  its  velo- 
at  the  moment  of  touching  the  ground  ? 
square  root  of  100  is  10,  and  10  mul- 
)d  by  83V  gives  80.042  ft.  as  the  velo- 
Our  non-mathematical  readers  wilt 
be  in  a  position  to  understand  the  law 
lating  the  velocity  of  efflux  of  elastic 
s,  such  as  steam,  under  pressure,  which 
be  thus  stated  :  Elastic  fluid  Jlow  into 
'mum  icith  a  velocity  the  same  cls  that 
k  a  body  of  the  same  density  would  aC" 
I  tn  falling  through  a  space  equal  to  the 
ki  of  a  column  of  steam  or  gas  of  the 
t  pressure.  Let  us  suppose  that  we  are 
ng  with  steam  of  45  lbs.  on  the  square 
,  and  the  orifice  of  discharge  has  one 
re  inch  of  area.  Let  us  further  suppose 
a  column  of  steam  stands  on  a  valve 
K>rarily  closing  the  orifice.  What  height 
.  the  column  of  steam  one  inch  square 
o  weigh  45  lbs.  ?  Avoiding  fractions, 
cubic  feet  of  such  steam  will  weigh  1 
therefore,  our  column  of  steam  one  inch 
re  must  contain  9  X  45,  or  405  cubic 
of  steam  ;  and  multiplying  405  by  1,728, 
;et  699,840  as  the  height  in  inches,  or 
20  as  the  height  in  feet  of  our  column 
team.*  The  square  root  of  58,320  is 
S  nearly,  and  this  multiplied  by  8^,  or 


kia  if  as  approzimaiioii  only.    The  ini«  rolamo 
>.  of  gtMBi  at  46  lbs.  (oUl  pr«Mar«  it  9.000216 


8.042,  gives  1,942.14  ft.  per  minute  as  the 
velocity  with  which  steam  of  45  lbs.  pressure 
would  issue  into  a  vacuum. 

It  is  here  necessary  to  explain  that  to 
avoid  the  introduction  of  a  multiplicity  of 
figures,  we  have  omitted  several  fraction,  and, 
therefore,  the  velocity  we  have  given  above 
is  too  low,  but  this  in  no  way  affects  the 
principle  of  the  arithmetical  process  we  have 
described.  Any  of  our  readers  mastering 
it  will  be  able  to  calculate  for  themselves  the 
velocity  with  which  elastic  fluids  flow  into  a 
vacuum.  The  calculation,  as  we  have  work- 
ed it  out,  is,  however,  laborious,  and  for  the 
benefit  of  such  of  our  readers  as  understand 
logarithms,  we  give  the  following  compre- 
hensive rule  for  finding  the  velocity  of  dis- 
charge :  Add  4.29  to  the  pressure  in  pounds 
per  si^uare  inch ;  deduct  the  logarithm  of 
this  sum  from  the  logarithm  of  the  pressure  ; 
to  one  half  the  remainder  add  8.3254,  and 
the  natural  number  of  this  sum  will  be  the 
velocity  in  feet  per  second.t  The  difference 
between  the  velocities  due  to  any  two  pres- 
sures is  the  velocitv  with  which  steam  or  air 
will  flow  into  th^  lower  pressure.  Thus,  if 
the  pressure  in  a  cylinder  is  20  lbs.,  while 
that  in  the  condenser  is  5  lbs.,  at  what  rate 
will  the  steam  flow  from  the  former  to  the 
latter  ?  The  velocity  proper  to  steam  of  5 
lbs.  pressure  is  1,552  ft.  per  second,  while 
that  proper  to  20  lbs.  is  1,919,  and  1,919— 
1,552  gives  367  ft.  per  second  as  the  velocity 
of  the  exhaust,  t 

In  the  earlier  portion  of  this  article  we 
stated  that  the  actual  area  of  the  oolumn  of 
discharge  was  less  than  that  of  the  orifice 
through  which  it  flowed,  and  it  is  now  time 
to  say  that  this  fact  materially  modifies  the 
results  of  suck  calculations  as  the  fore- 
going. Moreover,  account  must  be  taken 
of  the  frictional  resistance  due  to  the  sides 
of  pipes  or  tubes  through  which  the  fluid 
flows.  On  this  latter  subject  there  is  con- 
siderable diversity  of  (pinion ;  the  subject 
has  been  keenly  discussed  once  in  our  cor- 
respondence columns,  and  we  shall  not  be 
surprised  if  it  be  discussed  again.  Mean- 
while we  cannot  better  conclude  this  article 
than  with  the  following  rule,  extracted  from 
'*  Bourne's  Treatise  on  the  Steam  Engine," 
and  regarded  by  many  engineers  as  one  of 
the  best  yet  made  on  the  subject.  It  refers 
to  the  flow  of  steam  through  a  straight  pipe 
of  uniform  diameter,  and  its  relation  to  the 
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rules  we  have  laid  down  will  be  readily 
traced :  *'  To  the  temperature  of  the  steam 
in  degrees  Fah.  add  the  constant  459,  and 


and,  besides  thea 
bales.  And  in  th 
Gillott's  and   Ma 


multiply  the  square  root  of  the  sum  by  60.  Chamberlain's  gn 
2143;  the  product  is  the  required  velocity." 
All  enlargements  and  contractions,  and  all 
bends  or  elbows,  will  reduce  the  velocity, 
but  there  is  no  trustworthy  formula  in  ex- 
istence which  will  enable  us  to  determine 
exactly  how  much  in  any  of  the  particular 
cases  which  may  suggest  themselves  to  our 
readers." — The  Engineer. 
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BIRMINQUAH. — ^None,  caring  to  trace  the 
growth  of  the  **  work-shop  of  the  world," 
need  necossarily  go  back  to  the  time,  less 
than  a  hundred  years  ago,  when  letters  were 
addressed  "  Birmingham,"  (or,  often,  Brom- 
wicham),  near  Walsall,"  the  latter  being 
the  nearest  post  town.  The  population  of 
Birmingham,  now  upwards  of  350,000,  has 
doubled  since  1841,  and  is  five  times  what  it 
was  at  the  beginning  of  the  century.  Even 
those  who  have  never  been  within  a  hun- 
dred miles  of  the  place,  know  the  general 
nature  of  its  manufactures,  but  few  are 
aware  how  these  have  increased  in  extent 
and  variety  of  production.  Almost  exclus-  Messrs.  Brown,  ^ 
ively  a  manufacturing  town,  Birmingham  ^  carriage  works 
may  nevertheless  be  said  to  have  no  cotton,  >  Chance  Brothers 
woolen,  flax,  or  silk  factories,  no  blast 'field's  large  esta 
furnaces  or  forges,  no  steel  converting  •  bedsteads  and  bi 
works,  no  work-shops  for  making  locomo-  stcr  and  Horsfal 
tivcs,  engineers'  tools  or  textile  machinery, ;  mills,  Elkington* 
no  sugar  refineries,  paper  mills,  tanneries,  works,  Muntx's  y 
breweries  (except  upon  a  small  scale),  in  and  the  Imperial 
foct,  none  of  those  great  distinctive  indus-  son  copper  and  b 
tries  which  make  Manchester,  Leeds,  Shef-  Tangye^s  and  31 
field,  and,  in  a  less  degree,  Newcastle,  Gla^  works,  Morcwood 
gow,  Bristol,  and  other  great  manufacturing  gott's  and  Horto 
towns,  what  they  are.  besides  the  old  c€ 

But  there  are  large  factories  in  Binning-  ing  works,  manu 
ham,  where  hundreds  of  work-people  are  swords,  files,  etc. 
employed  in  making  pins,  steel  pens,  um-  industries,  in  oac 
brella  tips,  Ueks,  indeed  the  smallest  arti-  three,  or  in  othei 
eles  in  the  largest  (or,  at  least,  in  bewilder-  lishments  are  eng 
ing)  numbers.  Steel  pens,  for  example, !  It  is  not,  perl 
which  once  cost  a  shilling  each,  are  now ;  Birmingham  no  1 
acid,  and  of  hx  better  quality,  for  a  shilling  -works  of  engineer 
a  gross,  and,  of  these,  single  establishments  \  once  did  in  the  < 
make  from  200  to  300  millions  each  yearly.  !Co.  Their  old  ^ 
These  arc  the  minutUt  of  manufactures,  but  now  the  properl 
there  is  a  single  establishment  employing  a  Bolt  Company,  t 
thousand  work-people,  which  produces  a  of  the  Crystal  1 
thousand  million  of  wood  screws  yearly,  station  at  Birn 
Nearly  as  large  a  number  are  employed,  at  under  one  roof 
a  ungle  fiictory,  in  making  bolts  and  nuts, !  world,   the   Pad 
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suspension  bridge  over  the  Dneiper, 
3Y,  m  Russia,  probably  the  finest  in- 
a1  work  of  its  engineer,  Mr.  Charles 
les. 

mingham  is  a  little  too  far  from  a  sea 
>r  the  cheapest  transit  of  heavy  manu- 
es  intended  for  shipment  abroad,  but 
ilway  and  canal  facilities  for  inland 
nnicatjon  are  unexcelled.  It  is  a 
ij  town,  on  elevated,  gravelly,  or 
soil ;  the  latter,  when  in  its  natural 
growing  a  profusion  of  broom  (Saxon 

whence  the  name  of  the  town),  and 
»ath-ratc  is  much  lower  than  in  Man- 
tr,    Leeds,    Sheffield,    or    Liverpool. 

are  few  under^ound  habitations — 
B — ^and  one  man  in  Birmingham  occu- 
B  much  ground  as  two  in  Manchester, 
«e  in  Liverpool.  It  is  only  a  wonder 
o  wide-stretching  a  town  has  not  long 
been  tramwayed  in  all  directions,  a 
only  accounted  for,  perhaps,  by  its 
railway  facilities.  Nor  is  it  easy  to 
stand  why  some  of  the  heavier  branches 
'ging,  steel  melting,  wheel  making, 
otive  engine  building,  etc.,  should  not 
yet  settled  there,  unless  it  is  that  the 
ess  is  overdone,  or  that  Staffordlihire 
so  well  known  for  its  good  quality,  is 
vhat  more  cheaply  worked  up  else- 
j. — Engineering.     • 


stances  when  only  approximate  accuracy  is 
demanded,  and  the  question  becomes  reduced 
to  taking  the  next  measurement  or  chain's 


PEE  MEASUREMENT  OF  HIUS. 

From  the  "Bailding  Newt." 

is  seldom,  that  a  base  line  of  any  con- 
ible  length  can  be  measured  without  it 
;  necessary  to  make  some  allowance, 
r  mechanically  or  by  calculation,  for  the 
kg  and  irregular  contours  of  the  ground, 
lecessity  for  this  becomes  more  apparent 
)  suHaoe  of  the  ground  departs  from  the 
of  horizontality,  as  the  greater  the 
of  inclination  the  greater  will  be  the 
ence  between  the  false  and  the  true,  or 
.nclined  and  horizontal  measurement, 
e  are  various  methods  of  arriving,  at  the 
horizontal  measurement  of  sloping  sur- 
,  and  the  degree  of  accuracy  to  which 
arvey  is  to  be  carried,  must  in  all  cases 
mine  which  the  surveyor  will  employ, 
scarcely  necessary  to  mention  that  the 
distance  will  always  be  less  than  the 
■ent  one,  and,  therefore,  when  calcula- 
Is  used,  there  will  always  be  a  reduction 
made.  An  experienced  surveyor  will 
lie  to  tell  pretty  well  by  the  eye  the  al- 
too  to  be  made  in  the  majority  of  in- 


length,  not  from  the  end  of  the  former,  but 
from  a  point  obtained  by  making  the  proper 
allowance.     The  diagram  in  fig.  1  will  render 
this  operation  perfectly  clear,  but  it  is  one 
that  the  young  surveyor  will  do  better  not  to 
attempt  to  carry  into  practice.     We  shall 
give  a  method  by  which  the  same  result  can 
be  arrived  at  by  means  more  suitable  for  a 
beginner.     In  fig.  1,  suppose  the  chain  to  be 
stretched  upon  the  inclined  surface  of  a  hill 
and  extend  from  A  to  a,  but  the  real  hori- 
zontal measurement  to  extend  from  A  to  B. 
The  point  B  where  the  chain  A  a  will  inter- 
sect the  horizontal  is  found  by  taking  A  a  in 
the  compasses  and  sweeping  a  circle  until  it 
touches  the  horizontal  line  A  C  in  B.     If 
the  line  B  ^  be  projected  at  right  angles  to 
A  C  it  will  intersect  the  surface  of  the  ground 
at  6,  so  that  the  true  distance  to  be  measured 
along  the  slope  by  one  chain's  length,  is  not 
A  a,  but  A  b.     From  the  appearance  of  the 
slope  the  practiced  surveyor  makes  an  ap- 
proximate estimate  of  the  distance  a  &,  and 
the  next  chain's  length  is  measured  conse- 
quently not  from  a  but  from  the  point  &,  and 
BO  on,  as  often  as  may  be  required.     The 
same  process  applies  to  the  ease  of  a  descent 
as    well    as    that   of  an  ascent,  but  it  is 
rather  curious  that  it   is   invariably  more 
difficult  to  arrive  at  a  correct  approxima- 
tion   of  the    rate  of  inclination  when   de- 
scending than  ascending  a  slope.     We  do 
not  attempt  to  offer  any  explanation  of  this 
somewhat  curious  fact,but  our  own  experience, 
as  well  as  that  of  numerous  old  and  practiced 
hands,   have  confirmed  the  veracity  of  it. 
The  explanation  of  the  method  by  which 
the  distance  a  b  in  fig.  1  is  estimated,  will 
serve  to  indicate  a  mechanical  mode  of  ar- 
riving at  the  same  result.     This  latter  is  pre- 
ferable,  when   carefully  performed,  to  that 
given  in  fig.   1,  and  may,  moreover,  be  ac- 
complished by  any  beginner.     It  should  not, 
at  the  same  time,  be  repeated  too  often  con- 
secutively, as  of  course,  small  errors  creep  in 
at  every  step,  which  ultimately  would  be- 
come seriously  appreciable.      Let  A  B  in  fig. 
2  be  the  sloping  ground  to  be  measured  hori* 
zontally.     In  performing  this  operation  we 
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advise  the  surveyor  to  do  part  of  the  chain- 
ing himself,  that  is,  to  take  the  place  of  the 
**  follower."  If  he  leaves  it  to  the  chain- 
men  to  do,  he  may  be  sure  that  it  will  not 
be  done  well,  as  it  is  an  operation  requiring 
some  nice  and  delicate  manipulation.  Briefl^r* 
the  principle  consists  in  taking  up  the  chain 
in  short  lengths  and  holding  one  end  verti- 
cally over  the  starting  points,  while  the  other 


Fig. 2 


ifi  fixed  or  held  firmly  down.  In  the  figure 
let  the  surveyor  be  supposed  to  stand  at  A, 
with  the  end  of  the  chain  held  vertically  over 
the  point  A,  by  means  of  a  plumb  line  and 
bob.  In  the  meantime  the  '*  leader "  has 
hold  of  the  twenty-fifth  link,  suppose,  which 
he  fastens  down  in  the  proper  direction  at  h  \ 
the  surveyor  then  slacks  the  end  of  the  chain, 
advances  to  the  point  6,  takes  up  the  chain 
carefully  at  the  twenty-fifth  link,  leaving  the 
pin  in  to  mark  the  spot,  and  holds  it  over  the 
point  by  or,  in  technical  phraseology,'*plumbs" 
it  over  the  point  h.  The  "leader"  has  ad- 
vanced to  the  fiftieth  link,  which  he  has  fixed 
at  c,  and  the  operation  proceeds  in  a  similar 
manner  to  (f,  and  until  the  summit  of  the  in- 
cline is  surmounted.  The  chain  must  be  well 
stretched  between  the  points  at  6'c,  dd<t  etc., 
in  order  to  render  the  deflection  inapprecia- 
ble, so  that  it  is  preferable  to  take  short 
lengths  at  a  time,  instead  of  long  ones,  al- 
though the  former  may  demand  more  trouble. 
The  steepness  of  the  slope  will  also  regulate 
the  distance  between  the  successive  pomts  of 
measurement,  as  the  chain  can  only  be  raised 
a  certain  height  by  hand,  and  it  is  absolutely 
necessary  that  it  be  maintained  as  nearly 
horizontal  as  the  circumstances  of  the  case 
will  allow.  If  this  mechanical  reduction  of 
the  inclined  to  the  horizontal  measurement 
be  carefully  performed,  the  result  will  be  a 
very  close  approximation  to  the  true  distance. 
In  order  to  get  over  the  ground  as  quickly 
as  possible,  young  surveyors  are  very  apt  to 
make  the  distances  between  the  points  of 
measurement  much  too  long,  and  consequent- 
ly the  *'sag"  of  the  chain  induces  errors 
that  might  otherwise  be  avoided  with  facility. 
Should  the  hill  be  very  short,  the  incline 
may  be  measured  very  expeditiously  in  the 
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■M  is  no  neoeflsity  for  noting  the  point  b' 
fctte  plan,  the  simplest  method  will  be  to 
"  S.408ft.  to  the  100  ft.  already  meas- 
and  commence  the  next  chain's  length 
that  point.  In  other  words,  100  ft. 
i»the  horisontal  measurement  equals  103.- 
^|M  tL  on  the  sloping  surface.  From  the 
^AlMala  and  example  we  have  given,  it  is 
^SMdily  perceived  that  tables  can  be  con- 
I0ted  giving  the  reduction  to  be  made,  or 
difierenoe  between  the  horisontal  and 
measurement  for  different  angles  of 
In  the  following  table  is  shown 
I  nmnber  of  feet  on  a  sloping  surface  in- 
lad  at  various  angles  that  corresponds 
kamontally  to  100  ft.  measured  along  the 
slope,  and  also  the  reduction  to  be 
for  every  chain's  length  or  100  ft. 
'  along  the  slope : 


A^PeoTslope 

Value  of  100  ft. 

meas- 

Difference   or 

H  degrees. 

ured 

horizontally. 

reduction. 

8 

99.862 

.188 

6 

09.462 

.548 

7 

99.254 

4       .746 

10 

98.480 

1.520 

12 

97.814 

2.186 

14 

97.029 

2.971 

16 

96.126 

8.874 

18 

95.105 

4.895 

20 

98.969' 

6.081 

28 

92.050 

7.960 

27 

89.100 

* 

10.900 

80 

86.602 

18.898 

If  the  slope  continue  uniform,  and  there 
are  not  any  fences  or  other  objects  to  be 
noted  in  the  field  book,  the  chaining  can  be 
oontinued  as  far  as  may  be  considered  desira- 
ble, and  the  results  in  the  third  column  given 
in  the  table  multiplied  by  the  number  of 
•hains  measured.  The  product  will  give 
the  total  reduction  or  difference  to  be  allow- 
ed for. 


THB  Ellbrshausen  PROCESS. — We  have 
not  yet  received  the  analyses,  complete, 
that  we  promised  to  publish.  But  we  are 
prepared  to  state,  from  the  results  of  other 
and  more  extended  experiments,  that  this 

{rocess  is  highly  successful  and  valuable. 
t  is  not  so  radical  and  revolutionary  as  at 
fint  supposed,  but  it  is  a  decided  improve- 
ment upon  a  preparatory  process  in  pud- 
dling, the  results  being  an  improvement  in 
the  quality  of  the  product,  and  a  decided  and 
uniform  economy  in  its  production^  We 
•hall  give  details  in  due  time. 


HEATING  BUILDINGS  BY  6A& 

From  "  The  Engineer.'* 

The  use  of  gas  as  fuel  has  been  tried  to  a 
considerable  exteut  in  France  and  other 
countries,  but  the  progress  has  neither  been 
rapid  nor  very  satisfactory ;  one  reason  of 
this  lies,  perhaps,  in  the  imperfection  of  the 
modes  of  combust ioD,  although  something 
has  been  done  of  late  to  remedy  this ;  an- 
other is  the  natural  hesitation  of  the  direc- 
tors of  gas  works  to  keep  pressure  on  their 
gasometers  all  day  for  a  small  supply. 

Still  enough  has  been  done  to  supply  a 
certain  amount  of  iiiformation  on  the  eoo* 
nomical  part  of  the  question,  both  as  regards 
gas  cooking  apparatus  and  stoves  for  churches 
and  other  large  buildings.  The  averaee 
consumption  of  the  cooking  stoves  in  use  in 
France  which  consume  a  mixture  of  gas  and 
air  is  found  to  be  as  follows : — For  a  large 
fire,  260  liters  per  hour;  for  a  moderate 
fire,  140  liters  per  hour ;  for  a  small  fire,  50 
liters  per  hour.  When  the  stove  is  used, 
what  the  French  call  pot-au'feu,  it  is  found 
that  it  is  sufficient  to  keep  up  a  large  fire 
for  about  twenty  minutes  only,  after  which 
the  gas  may  be  turned  down  and  the  cook- 
ing completed  with  a  very  small  fire.  Tak- 
ing the  average  duration  of  this  kind  of 
cooking  at  four  hours,  and  the  cost  of  sas  at 
30c.  per  cubic  meter — the  present  price  in 
Paris — the  consumption  amounts  to  1,040.20 
literfe,  the  expense  of  which  is  31c.  20,  or 
little  more  than  14d.  The  cleanliness  and 
handidess  of  gas  as  fuel,  and  the  great  eco- 
nomy arising  from  its  instantaneous  lighting 
and  extinction,  give  it,  in  the  hands  of  cart' 
ful  persons,  a  great  advantage  over  charcoal, 
with  few  of  its  inconveniences— one  of  which 
is  the  impossibility  of  using  it  for  broiling 
without  a  special  arrangement,  as  the  small- 
est  quantity  of  fat  falling  upon  heated  char- 
coal fills  the  house  with  stifiing  fumes. 

In  a  coal-using  country,  however,  like 
England,  the  use  of  gas  for  the  heating  of 
apartments,  and  especially  large  buildings 
like  churches,  is  of  more  importance  than 
its  application  to  cooking ;  and  considerable 
improvement  has  been  made  of  late  in  Franco 
in  apparatus  for  the  warming  of  ordinary 
rooms,  to  which  we  shall  shortly  have  to  refer 
more  particularly. 

The  most  important  results  yet  produced 
refer  to  the  heating  of  churches,  which  has 
been  essayed  on  a  large  scale  at  Berlin. 
The  method  generally  adopted  is  that  of 
placing  a  horisontal  gas-pipe  with  three  jets 
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vitbin  a  stove  made  of  sbeet  iron,  and  over  , 
the  gaa-jets  a  piece  of  brass  wirework,  of  | 
whieh  tho  openings  are  not  more  than  ^  of 
an  inch  in  diameter.  The  cathedral  of  Ber- 
lin haa  a  cubical  contents  of  about  17, SCO 
meters,  and  it  is  heated  by  means  of  eight 
of  these  stoves,  each  of  which  has  22  of 
these  brass  gratings,  measuring  11^  in.  in 
length  by  1 J  in.  m  width,  making  in  all 
about  half  an  inch  square  of  grating  for  each 
cuhic  meter  to  be  wartncd.  The  consump- 
tion of  gas  in  raimng  the  air  within  the  edi- 
fice to  the  required  temperature — an  opera- 
tion which  takes  three  hours — ^is  83,400 
liters,  or  4-82  liters  per  cubic  meter  j  to 
maintain  the  same  heat  afterwards  requires 
only  /o^  of  a  liter  of  gas  per  cubic  meter, 

The  parish  church  of  Berlin,  whose  cubic 
contents  is  13,800  meters,  is  heated  bj  four 
stoves,  each  having  15  brass  gratings^  each 
rather  more  than  12  in,  long  by  1 J  in*  wide, 
or  little  more  than  J  of  an  inch  of  grating 
per  cubic  meter  to  be  warmed.  The  annual 
consuiuption  of  gas  in  the  cathedral  above 
Hientioned  is  2,210  cubic  ineterit,  costing 
£20 ;  this  consumption  is  equal  to  552 
meters  per  stove,  and  300  liters  per  f  of  an 
inch  square  of  grating.  The  consumption 
in  Parii^ian  churches  warmed  by  gas  is 
found  to  agree  very  closely  with  that  of  the 
cathedral  of  Berlin,  but  other  cases  give 
different  results : 

The  church  of  St.  Philippe  at  Berlin 
has  a  contents  of  2»780  meters^  and  is 
heated  by  two  stoves  Im,  40  high,  1  m. 
10  long,  and  05  centimeters  in  widths  each 
having  seven  brass  gratings  lt>  in*  by  2  in., 
equal  to  f  of  an  inch,  square  per  cubic  meter 
of  the  contents  of  the  church.  The  annual 
consumption  in  this  church  is  1,485  cubic 
meters  J  or  at  the  rate  of  410  liters  of  gaa 
per  cubic  meter  of  contents.  But  this 
church  is  only  warmed  three  times  a  week. 

The  church  of  Saint  Catherine  at  Ham- 
burgh is  heated  by  eight  gas  stoves,  each 
having   32    brass  gratings,  12  in.  long  by 
rather   more  than    IJ  in.  wide  ;    the   cubic 
contents    of  the    cdilice    is  33,900  meters. 
Tho  heating  takes  three  hours   and  a  half, 
and  eousumes    220    meters    of  gas,    costing 
about  27b.  (id.,  so  that  three  liters  of  gas  are 
required  in  this  chnrch  per  cubic  meter  of  | 
cap 31  city  ;   the  temperaturo  is  kept  up  subsc-  ( 
qik-nily  by  the  eouHumption  of  j  of  a  liter  I 
per  cubic  meter  and  per  hiiur.  1 

In  the  churches  of  St,  Mary  and  Nicholas  I 
in  Berlin,  and  in  Paris  alsn,  a  kind  of  large 
rose  burner   has  been   substituted   for  the 


brass  grating ;  Uiefto  &re  known  in  1 
mushroom  burners  {€han^^*mm\*    Thti 
suit  with  these  burners  in  ike  ftnl  of  1 
above  named   church ea  is  a«  fiaUoirt: 
cubical  contents  of  the  building  m\kji 
meters,  and  the  eonsaiDption  of  gitb 
hours   is  150  ctibic    meters,  oci&g  ; 
35s.,  and  as  it  is  heated  by  tmi  sl«fa^ 
having  three  of  these  rose  bamert,  ll#i 
sumption  per  hour  is  1^  cobio  meimn^i 
per  burner,  and  nearly  2^  meten  lori 
met^r  of  the  contonts  of  the  cftHn^h. 
this  case  only  we  hare   the  effect  m  i 
by  the  thermometer,  which  is  lo 
temperature  of  the  ehureh  tr^m  mi^I 
below  zero  to  five  degrees  abore,  ( 
below  thirty  degrees  to  forty  deg 

In  heating  churches  and  krge  bil 
the  economy  of  gaa  exhibite  liaM 
ferently  as  compared  with  ita  ap|" 
cooking;  in  the  former  cade«  ike 
tinuous  the  operation  Ibe  \tm  ibe 
cost,  whereas  in  the  latter   the 
quent   the    interruptions    the   grtaSHi 
economy.     The  objciGtion  to  gas  on  Mn 
of  its  vitiation  of  the  atmosphere  of  a  hiiiU* 
ing  is  one  which  neither  the  wire  j 
nor  the  mushroom  burner  has  j#i  < 


DETERMINING  THE  POWTIR  OF  ESGI 

By  J,  DiBT,  C.  B. 
From  tb«  **  Amtritmn  Ariinti 

Many  rules  are  furnished  in  all  tx« 
on  the  steam-engine  for  determhii^ 
horse-power,  nominal  or  indicated,  hoiwm/i 
of  them  presents  that  scientific  aecvtCf 
which  alone  gives  real  value  to  ib«  realu 
of  experiments.  The  aieam-engtse  (tnehrf' 
ing  its  boiler,  which  is  an  intriojdc  portici 
of  itself)  is  nothing  but  a  converter  olbiat 
into  mechanical  work  ;  and  conseirttMtlj,  i> 
a  general  way,  that  engine  which  will  tf- 
p roach  the  nearest  to  producing  a 
effect  from  a  given  quantity  of  Aid 
conwidered  the  best. 

We  know  that  ^  certain  vniwniiif 
kind  of  fuel  can  tmly  convert  a 
termined  quantity  of  water  into  «(l«ain  \i  i 
given   pressure,  and   we  further  kntiw  >to 
this  steam  ought,  tbeoroiioally,  to  ilo 
tain  amount  of  work.     Starting 
basis,  we  can  solve  the  problem  wtthont 
great  difficulty. 

The  first  thing  we  huvo  to  do  b  to 
out  Ae  exact  composition  of  the  fn^l 
This  is  the  duty  of  the  analytical  rhfuvt^ 


yfAidnmiiby 
%  a  Mftiw  ^'Vl 

Til  A  At^SlB  t/  i~ 
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ife  tells  iia  how  much  carbon,  hydrogen, 
Mjfg&n^  ashes,  etc.,  are  contained  in  it.  The 
Itboii  and  hydrogen  are  alone  the  producers 
t  keat»  and  all  the  other  substances  are 
bMrbera  of  heat,  and  worse  than  valueless. 
EBOwine  the  composition  by  weight  of  one 
iMmd  of  the  fuel,  if  we  multiply  the  amount 
r  carbon  contained  in  it  by  8,000,  and  add 
»  this  product  the  amount  of  hydrogen 
nltiplied  by  36,000  (the  units  of  heat 
rolTed  respectively  during  the  combustion 
f  one  pound  of  carbon  and  of  hydrogen), 
■d  then  subtract  therefrom  the  quantity  of 
zygen  in  the  fuel,  multiplied  by  3,000,  we 
btein  Tery  approximately  the  total  number 
f  nnita  of  heat  given  out  during  the  com- 
«stion  of  one  pound  of  the  fuel.* 

If  we  divide  this  total  number  of  units 
f  heat  given  out  by  one  pound  of  the  fuel 
J  the  total  number  of  units  of  heat  con- 
ained  in  one  pound  of  steam  of  the  given 
ension  (for  which  see  tables  or  formula  in 
he  books),  we  obtain  the  number  of  pounds 
if  water  which  might  be  converted  into 
team  by  one  pound  of  such  fuel  in  a  tkeo- 
^ically  perfe't  boiler.  By  carefully  com- 
laring  the  weight  of  water  really  evaporated 
D  practice  with  the  amount  of  fuel  consum- 
h1  for  the  purpose,  we  have  thus  an  easy 
nethod  furnished  us  for  determining  the 
lificiency  of  the  boiler,  fire-box,  dampers, 
lues,  etc.t 

When  we  know  by  direct  measurement 
low  many  pounds  of  water  have  practically 
Men  evaporated  in  our  boiler  by  the  oom- 
Imstion  of  one  pound  of  fuel,  if  we  multiply 
ihis  quantity  by  the  total  number  of  units 
it  heat  contained  in  one  pound  of  steam  of 
;he  given  tension,  we  find  the  total  amount 
if  units  of  heat  which  have  been  transmit- 
;ed  to  the  engine  for  the  purpose  of  pro- 
Incing  useful  work.  Multiplying  this  num- 
^r  bv  2,000,  the  mechanical  equivalent  of 
I  nnit  of  heat,  wc  obtain  the  number  of 
foot-pounds  of  mechanical  work  which  this 
imount  of  steam  ou^ht  to  produce  if  the 
SDgine  were  theoretically  pinrftct. 

Noting  the  number  of  foot-pounds  thus 
levcloped  in  the  space  <>f  one  minute,  and 
lividing  this  quantity  by  38,000,  we  obtain 
the  theoretical  horsc-p(»wer  which  would  be 
derived  from  a  theoretically  perfect  engine. 

*  Tbe  exact  oaloriflc  valueft  of  bodien  rarj  some- 
vhat,  aeeordinf^  to  the  rv8iiit8  of  different  expert- 
Menteri.  Tbotfe  we  give  heru  are  the  doturuiiuations 
Df  Sebeerer. 

t  Care  mant  be  taken,  if  the  boiler  primcn,  to 
■ake  tbe  Deeewary  allowance  fur  uuuonrerted  water 
iwpcnded  in  tbe  iream. 

Vol.  1.— No.  9—54. 


By  comparing  the  horse-power  of  an  engine, 
as  exhibited  by  the  indicator,  with  the  theo- 
retical figure  obtained  by  the  method  we 
have  just  exhibited,  it  becomes  very  easy  to 
compute  how  near  to,  or  rather  how  far 
from,  perfection  any  particular  steam-en- 
gine may  prove  to  be.  In  the  absence  of 
an  indicator,  the  **  actual  *'  horse-power  may 
be  determined  by  the  ordinary  formula  for 
"  indicated  "  horse-power,  when  the  strokes 
per  minute,  length  of  stroke,  and  area  of 
piston  are  known. 

Let  us  give  an  example : 
Supposing  one  pound  of  the  fuel  consum- 
ed to  be  formed  of  .92  of  carbon,  .63  of 
hydrogen,  and  .03  of  oxyeen,  its  calorific 
power  would  be  (.92x8,000)  +  (-03  X  36,- 
000)  —  (.03  X  3,000)  =  8,350  centig.  units. 
If  the  engine  is  working  steam  of  four  at- 
mospheres, or  59  lbs.  to  the  square  inch, 
each  pound  of  steam  will  require  for  its 
production  651.8  units  of  heat,  minus  the 
temperature  of  the  feed-water,  which  we 
will  suppose  in  our  case  to  be  51.8°  centi- 
grade, leaving  600  centigrade  units  of  heat 
to  be  obtained  from  the  fuel. 

Dividing  8,350  by  600,  we  have  13.91  as 
the  number  of  pounds  of  water  which  one 
pound  of  such  a  fuel  could  evaporate,  €u  a 
rndximuMy  into  steam  of  four  atmospheres. 
Now,  if  in  our  practical  experiment  one 
pound  of  fuel  has  only  evaporated  10  lbs. 
of  water,  we  see  that  a  loss  ot  3.91  lbs.  has 
taken  place,  equal  to  39  per  cent  of  the  fuel 
used.  This  first  lof^s  must  have  taken  place 
through  ineffUietuy  in  the  boiler  or  its  sur* 
rou7idings.  The  10  lbs.  of  steam  of  four 
atmospheres  produced,  contain  10X651. 8  =s 
6,518  units  of  heat.  Each  of  these  units  is 
the  equivalent  of  2,000  foot-pounds  of  me- 
chanical work,  and  the  6,518  are  equal  to 
6,518X2,000=^  13,030,000  of  foot-pounds. 
If  the  10  lbs.  of  water  have  been  evaporat- 
ed in  13  minutes,  then  13,000,000^13,  or 
1,000,000  of  foot-pounds  will  have  been 
produced  per  minute,  which,  dixideil  by 
33,000,  gives  us  30  horse-power  as  the  duty 
of  a  theoretically p*rjcct  engine.  If,  in  our 
case,  20  horse-power  only  has  been  "  inili- 
cated,**  then  a  10  horse-power,  or  33.4  per 
cent,  would  be  shown  to  have  licen  lost  in 
the  engine  alone  thriiUiih  friction,  radiation, 
or  from  other  causes. 

In  our  example,  30  per  cent  of  heat  would 
have  been  lost  in  or  around  the  boiler,  and 
33.4  per  cent  by  the  en^rine,  .^howin;.'  a  total 
loss  of  72.4  per  cent  of  t)ie  fuel  burnt  nu 
the  grates     Our  expurimi'ntal  engine  might 
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be  said  to  be  72.4  per  cent  from  perfection, 
^nd,  in  like  manner,  all  Iciiids  and  sizes  of 
Bteam-cnginca  and  tlicir  boilers  maj  be 
rationally  and  simplj  classified  and  rated. 


DRIED  WOOD  FOR  BUST-FURNACE 
FUEL 

Bj  Maotin  MoacBiTX,  Ki>jnt  nungmrtan  Coaneellor 
of  Minos. 

Coad^iuod  and  tr&niUiifd  from  '^Otitr*  Zoitiehrifl.'' 
For  a  number  of  ycnrs  it  was  intended  to 
trj^  on  a  large  scale »  tlie  use  f»f  dried  wood 
in  the  place  of  charcoal  in  the  blaat-furnaccH 
at  Rhonitz,  in  Hungary.  In  186li,  all  the 
necessary  preparatory  arrangements  were 
completed^  and  the  gradual  replacement  of 
3,  6,  10,  15,  etc.t  per  eent  of  charcoal  by 
dried  wood  then  began.  This  had  to  be 
done  very  slowly  and  carefully »  as  tbo  local 
circumstances  did  not  allow  of  any  inter- 
ruption or  disturbance  of  the  regular  work- 
ing order.  From  this  reason  the  increase 
of  the  percentage  of  wood  had  sometimes 
to  be  stopped  entirely  for  long  periods. 
However,  these  experiments  were  so  suc- 
oessful  that,  from  the  hcginning  of  the  year 
1866,  the  two  blast-furnaces  at  Rhonitzbave 
been  running  ^chmvthj  with  wood,  a  result 
more  favorable  than  was  or  could  have  been 
expected  from  the  start. 

In  the  period  from  1862  to  1868,  the 
furnace  No.  1  was  running  during  331,  the 
furnace  No.  2  during  231  weeks,  the  fuel 
Bsed  being  partly  charcoal  alone,  partly 
charcoal  and  wood  mixed,  partly  wood 
alone.     The    amount    of    materials    raeltcd 


58 1, OS"  cwt.  (Austrian)  ankcHtcs^  poor  ppatbic 
ores,  and  brown  li*  matt  ten. 

871|882  cwt.  grnnnlated  ciinJtr  from  puddling  and 
healing-furnnces. 

2t>6,9l7  cwt-  calcarimis  and  doltimitic  fluxes. 


1,260,40«  cwt. 

The  fuel  used  amounted  in  that  period  to 

4,1*81 ,074  c.  ft.  (Austrian)  of  iioa  diarconl  (iucliid- 

ing  10  per  cent  loss). 
4t709,8P9  maa^fve  c,  ft.  of  pin«  wood. 

The  products  obtained  were 
21*4  Jfifl  cwt.  gray  forge -pig. 
71,7CM)  cwt.  castings. 

36<i,460cwt. 

The  percentage  of  iron  in  the  mixture  for 
forge-pig  was  38,45,  that  in  the  mixture  for 
foundry.pig  29,30.     The  charcoal  weighed 


about  7  lbs.  per  cubic  foot ;  sonit  of  HI 
From  40  to  64  per  cent  uf  charcoal,  li|  < 
umc,  have  been  obtaiDcd  from  ik«  ^mA 
charring,  or  10.08  per  cent  by  '•f-t;?^! 

To  be  able  to  compare  t '  t  of  | 

used  when  the  furnaces  w*  r 
to  the  amount  used  when  ttj   v  ... 
mixed  fiiel   or    with    cham    1    : 
necctssary  to  con  vert,  in  thi      ii 
the  wood  used  into  the  ooir*  - 
of  charcoal.     It   has  tbo«^  jiJ 

the  amount  of  charcoal  u&t-u  mu 
tion  of  100  lbs.  of  pig-iron  ha»  bfci^i 
average,  as  follows : 

(a)  In  {imelttng  witli  charc'iftl  alonc'. .     II 
(6)  In  using  13,58  c.  fl,  of  «A  diar- 
coal ^MVtm. 

aud  12.84  massive  cubic  t\. 
of  wood,  weighing  31  lbs, 
pt»r  c.  ft.,  the  corrc\'^|Mjfid- 
inp  weijifhl  of  cliare<ml  is 


12  84  X  81  X  1»  t>8 

100 


76.d&  Its. 


mm 


(c)  In  using  wood  alone  (tfncv?  I860) . 

1,  During  the  llrHl   'ifi  wf^1;s  mvrt 

used  28>«>6  ni  •  lir  frit 

of     wikhI,    Ih'  riding 

weight  of  chaf€i«..  .« — 

28.06  X  91  X  19  08  _    ,-*M| 

Too~^  ""   ^^^ 

2,  All  the  rest  of  the  time,  up  lo 

this  day,  27  02  miuisive  aAk 
feet  of  wowl  the  carresfKJiKUtig 
Weight  of  chftrcosd «    IIMS| 

*    It  18  to  be  seen»  from  this  statemriil.  t 
by  using  wood  instead  of  eharro^  i  mr\ 
of  fuel   is   effected,    amounting  to  (IS 
less  159.82)  =  35.27  Ibe.   or  5.71      " 
of  charcoalf  or  5.D3    tnasstTe   cuhk4 
wood,  on  100  Iba.  of  iron  prodiioed.^ 
i&  an  actual  saving  of  18  per  €>eiii  «il  f 
One  pound  of  charcoal  C09ts«  at  Kk 
.81  k rentiers  (Austrian).     [I  Aufitr^ 
«er  h  equal  to  about  ^  cent  in  gold,    1 ; 
=  48,J  oent«  gold  =100  kreott^n*] 

One  nmtwivc  cubic  (bot  of  wood  cxMiU  8.9  I 

Transport  ^  cutting  and  dry  Ing ..... .     #^ 

Total  cotJt  of  one  mAKeire  cub.  ft-  of 
wood  ready  for  une  at  the  taruMctt^  41 

From   theae   data  the    saftng  ill 
effected  on  100  lbs.  of  pig,   in  okii 
thus  ; 

19.^.09  Ibn  ofeharcoAl  at  M  kxr^ut* 
zern  =  1  florin ..,*......*....  50 (Ql 

27,02  m.■LH^ire  cubic  A.  of  n-oul  d 
4J2  krouluers  =  1  fiorin 27.Si 

Lvaviog  p«r  100  U»l  of  ptg^^^^*^  IHi  II 


VAN  NOSTRAND'S  BNGINBERING  MAGAZINE. 


819 


'  Aa  tlie  iMMi  of  100  lbs.  of  pig  amounts  to 
lloDi  2  florins  and  30  kreutsers,  the  above 
img  corresponds  to  13.2  per  cent  in 
IMey.  This  saving  is,  of  coarse,  the  more 
MMoerable  the  higher  the  price  of  charcoal 
mdst  when  compared  to  that  of  wood. 
Hkj  per  cent  of  granulated  puddling  and 
feBting  cinders  in  the  mixture  are  easily 
dmoBd  and  melted  when  dried  wood  is  used 
ilbeL 

The  bast-furnaces  in  which  the  above  re- 
dte  have  been  obtained  are  42  ft.  high,  3| 
.  wide  at  the  bottom,  12  to  18  ft.  m  the 
vahee,  and  6  ft.  at  the  top.  They  are 
laped  like  the  *'  blanofen  "  in  which  the 
tvsatan  spiegeleisen  is  made,  the  boshes 
inning  clear  down  to  the  bottom  of  the 
imacc  in  one  steep  incline.     The  mantel 

carried  by  six  cast-iron  columns.  The 
vp  ifl  shut  by  a  movable  cover.  Each  fur- 
ice  has  four  twyers  into  which  the  nozzles 
r  the  blast-pipes  are  fitted  in  tight.  The 
Dssles  are  2^  in.  in  diameter.  The  blast 
as  a  pressure  of  1^  to  2  in.  of  mercury, 
nd  a  temperature  of  400''  to  480"*  Fahr. 

The  gases  are  caught  by  a  cylinder  reach- 
ig  3  ft.  into  the  mouth  of  the  furnace. 
he  circular  space  between  the  cylinder 
id  the  wall  of  the  furnace  is  covered  by  a 
ist-iron  plate  with  seven  round  openings 
inallj  distributed,  through  which  the  gases 
leape  into  seven  vertical  pipes  all  ending 
bove  in  a  horizontal  circular  pipe.  Another 
ipe  of  sheet-iron,  provided  with  a  valve, 
mnmnicates  with  the  latter,  and  carries 
le  gases  to  the  places  where  they  are  want- 
L  The  circular  pipe  has  seven  round 
penings  above,  situated  in  the  prolonga- 
loiis  of  the  seven  vertical  pipes  mentioned. 
Iiese  openings,  with  short  additional  pipes 
ist  on.  are  covered  slightly  by  sheet-iron 
ftps,  which,  like  safety-valves,  prevent  the 
estructive  effects  of  explosions.  They  also 
srre  for  the  ck'sning  of  the  apparatus,  and 
in  be  used  to  let  the  superfluous  gases 
•cape.  The  cylinder  in  the  mouth  of  the 
imace  is  necessary  tu  prevent  the  atmos- 
heric  air,  and  the  steam  developed  from 
lie  charged  materials,  from  entering  the 
aa-pipes.  The  shnet-iron  main  pipe  carries 
lie  gases  down  47  ft.  to  the  general  work- 
ig  level,  and  afterwards  to  a  horizontal 
btance  of  156  ft. 

The  cutting  and  the  chopping  of  the  wood 
I  done  by  one  and  the  same  machine,  which 
I  of  a  peculiar  construction.  It  consists  of 
iro  steel  blades  working  together  like  plate 
bears.     The  lower  blade  is  fixed ;  the  up- 


per one  moves  up  and  down  in  a  vertical 
frame.  The  blades  are  not  straight,  but  are 
bent  horizontally  to  a  half  circle,  and  their 
cutting  edges  are  not  even,  but  receding 
vertically  in  an  elliptic  line,  so  as  to  start 
the  cut  from  both  sides  of  the  log  held  be- 
tween the  two  blades.  The  logs,  mostly 
about  12  in.  thick,  are  cut  in  blocks  from 
3  to  6  in.  high,  which  blocks  are  afterwards 
chopped  in  smaller  pieces  by  the  same  ma- 
chine. As  all  this  is  done  by  regular  cut- 
ting, no  saw;-dust  is  produced.  The  cutting 
surfaces  of  the  wood  thus  treated  are  not 
very  even  nor  smooth,  which  circumstance 
facilitates  the  escape  of  the  water  in  the 
following  operation  of  drying.  Tne  above- 
described  machine  works  day  and  night,, 
cutting  from  4,000  to  4,800  massive  cubic 
feet  of  wood  in  24  hours.  The  expenses  for 
cutting  by  machine  and  drying  of  100  mass- 
ive cubic  feet  of  wood,  amount  to  about  30 
kreutzers.  Sawing  and  chopping  by  hand 
of  the  same  quantity  would  alone  co^t  about 
95  kreutzers.  In  adding  to  this  the  ex- 
penses for  drying,  the  sum  would  be  too 
high  to  be  paid  for  the  preparation  of  wood 
for  the  blast-furnace.  The  wood,  after  being 
cut  small,  is  filled  directly  into  the  charging 
wagons,  holding  about  20  cubic  ft.  The 
wagons  are  pushed  into  the  drying-ovens 
without  being  unloaded,  and  when  the  wood 
has  been  dried,  the  wagons  are  conveyed  to 
the  top  of  the  furnace.  The  drying-stove 
is  a  brick-building  consisting  of  four  paral- 
lel compartments.  Each  compartment  is 
48  ft.  long,  4^  ft.  wide,  and  5  ft.  high,  and 
has  a  door  at  each  end,  the  one  of  which  is 
the  charging-door  where  the  wagons  filled 
with  wood  are  pushed  into  the  stove;  the 
other  door  at  the  opposite  end  is  the  dis- 
charging-door,  where  the  wagons  are  taken 
out  one  by  one  after  the  wood  has  been 
dried.  A  railroad  with  an  incline  of  3  to 
100  passes  through  each  compartment,  so 
that  the  wagons,  when  pushed  through  the 
charging-door,  roll  of  themselves  towards 
the  discharging-door.  The  stove  is  heated  by 
the  waste  gases  from  the  blast-furnace.  It 
is,  however,  provided  with  a  step-grate,  on 
which  a  small  fire  is  kept  burning  to  re-light 
the  gases  when  they  have  been  extinguished 
during  the  charging  of  the  blast-furnace. 

The  flame  passes  from  the  fire-hearth, 
near  the  discharging-doors,  into  four  brick 
flues  running  below  the  floors  of  the  four 
drying  compartments,  throughout  their 
whole  length ;  after  this  the  gases  pass 
through  the  hollow  side  walls  of  the  com- 
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partments  hack  to  tlie  vieinity  of  the  dis- 
chargiiig-door,  where  they  fiud  au  outlet  into 
the  interior  of  the  compartments,  and  thus* 
come  in  direct  contact  with  the  wuod*  They 
finally  pasi^,  together  with  the  steam  thiit 
evaporates  from  the  wood,  through  a  flue 
near  the  chargliig-door,  and  escape  into  the 
stack. 

It  is  to  he  seen  that  with  this  arrange- 
ment the  wagons  containing  the  wood  pti8s 
gradually  from  the  cooler  into  the  hotter 
parts  of  the  compartments.  Each  compart- 
ment holdg  12  wagone,  emih  wagon  20  cnhic 
ft*  of  wood,  the  whole  stove  48  wagons  with 
a  total  volume  of  wood  of  960  cubic  ft. 

At  Rhouiti  there  are  only  4H  wagons  in 
^e,  all  told,  and  a^  a  part  of  them  are  always 
on  the  way  to  and  from  the  blast-furnaces, 
not  more  than  30  wagons  are  generally  in 
the  stove  at  one  time.  Both  blast-furnaces 
require  about  l^  wag  on  a  of  wood  per  hour 
or  tiO  minutes.     Consequently   the   average 

time  used  for  drying  is  about  — Q —  ==  100 

minutes,  or  one  hour  and  40  minutes. 

Mo^tof  the  wood  used  has  been  cut  a  year 
beforehand  J  and  is  therefore  pretty  well 
dried  out  in  the  air  before  heiug  brought 
into  the  etove.  It  loses  in  the  stove  about 
eight  per  cent  of  water. 

The  practical  management  of  a  blast- 
furnace, when  run  with  wood,  d€M>8  not  differ 
essentially  from  the  ordinary  charcoal  prac- 
tice* The  ga8-pipca  have  to  be  cleaned 
oftener  and  more  careful ly^  because  the  pro- 
duots  of  distillation  from    the  wood  settle 


partly  in  thosic  pipes* 
of  a  furnace  has,  of 
done  with  charcoaL 


The  setting-in -blast 
course,  always  to  be 
However,  after  but  a 
few  days  running*  the  fuel  can  be  changed, 
and  wood  can  be  used  exclusively,  provided 
that  the  quantity  of  ore  which  the  wood  is 
able  to  carry  under  the  existing  circum- 
stanecH  has  been  ascertained  by  previous  ex- 
periments. It  i.s,  however,  very  important 
when  wood  h  used,  to  make  the  charges 
about  00  per  cent  larger  than  with  charcoal, 
and  to  increase  the  pressure  of  the  blast 
10-20  per  cent.  With  too  smiill  charges 
the  considerable  ghrinkage  of  the  wood  is 
liable  to  produce  irregularities  in  the  de- 
scent of  the  ores  in  the  furnaces.  The 
higher  pressure  of  the  blast  is  necessarv, 
because  the  carbonisation  of  the  wood  being 
effected  under  more  favorable  circumstanoes 
mnd  under  a  higher  pressure  in  the  blast- 
Biice  than  in  heaps  or  piles,  a  consider- 
better  and  denser  charcoal  is  produced, 


which  requires  a  sIroDger  bbui  U  W 
to  full  advantage. 

The  different  aof)   belter  i|«altl| 
charcoal  has  hecfi  prticiicaUy 
Kbonitz  by  a  clos^e  eitikmicuaion  of 
extracted  from  tbe    lover  ptfto  «f  a 
furnace  running  with  wcmmI* 

It  may  be  euucluded,  fromirbjil 
said  above,  that  dried  mood  i^o  b# 
great  ailvantage  in  bla«t-funiaceii  of 
1,200  c.  ft.  interior  capacity  ;  wLon 
do  not  pass  through  the  furnace  in 
10  hours;  wh«?n  the  wood  is  cut 
dried  and  warm  yet  whcu  charged; 
when  the  top  of  the  bla^t-fumaee  is 
so  as  to  avoid  all  the  Ji.-  •  .ij 

advantages  of  an  upeu  ai  i  <i  1 

mouth. 

The  use  of  wood   in    bl»st-fai 
been   tried  as  early   as   the  end  of  tim 
century,  and  the  triaU  h^vc  bem 
often  in  different  pljices.      They  w 
ever,   without  success,    from  ibe  fol 
reasons.     The  furnaces  were  loosa»lI 
open  at  the  top.     The   prep&ratioii  iif 
wood  was  done  by  hand,  coQ:*equciidy 
expensive,  and  the  wood  wa«  out  rwdmmi 
the  proper  size.     The   oUargtis  were 
too  small,  so  that  irregularities  m  the 
ing  ensued. 

Kxplosions  have  been  complalscd  id  t$ 
some  places  where  the  use  of  wood  iitKoii 
tried.  But  such  have  uot  b^ea  «s|i«n»«l 
at  Rhonitz. 

The  advantages  of  the  use  of  dried 
in  blast-furnaces,  in  the  place  of  dhftroiil» 
may  be  summed  up  as  follows : 

Ist.  Tops  and  small  branches  of  trMi,llt 
carbonization  of  which  caiiuot  beeff»et«d(l 
heaps  or  piles  without  a  very  poaiidenUi 
loss,  may  be  used  in  the  blasi^'tiniiet  li 
great  advantage. 

2d,  The  whole  process  of  oarboaittttonii 
done  in  the  blast-furnaee  in  a  mote  adns* 
tageous  and  less  ex  pensive  manaer,  so  t^ 
18  per  cent  of  charcoal  is  savcxl,  a&4  llll^ 
work  that  would  have  had  t«  be  expuM 
on  its  preparation,  begiiming  with  iW  Ml* 
ting  of  the  trees. 

3d.  The  furnaoe  work^  veil  wai  vilh 
great  regularityi  and  preserves  mimj  dl*B 
hearth. 

4th»  Ores  or  other  materiali*  whick  edl 
easily  but  are  dlfhcult  to  redocte,  tm  ^ 
worked  more  advantiigtH>usly  wilk  •^ 
than  with  charcoal,  as  it  im  ^uwn  IrJ  Uf 
great  amount  of  puddling *»lag  dial  kt*Wi 
smelted  at  Khouitz,  parity  mixed  vitk  af«^ 
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r  aloDe.  The  greater  deDsity  of  the 
9al  made  in  the  blast-furnace  seems  to 
the  reduction  of  these  matters. 

the  other  hand  the  following  disadyan- 
have  to  be  taken  into  consideration : 
.  The  expenses  for  cutting  and  drying 
3  wood  are  considerable,  though  with 
aehiuery  used  at  Rhonitz  they  are  not 
^h  as  those  for  charring. 

The  cost  of  transport  is  greater,  be- 

the  heavier  wood  has  to  be  conveyed 
;  furnaces  instead  of  the  lighter  char- 
This  disadvantage  is  but  small  when 
K>d  can  be  obtained  pretty  near  the  furn- 
and  it  increases  with  the  greater  dist- 
Tom  which  the  wood  has  to  be  fetched. 

As  above-mentioned,  it  is  necessary 
an  the  gas-pipes  oftencr.  This  disad- 
ge  can,  however,  be  entirely  removed 
ecting  an  apparatus  for  cleaning  the 
from  all  the  easily  condensing  sub- 
is.  By  this  o|>eration  tar  would  be 
led,  the  value  of  which  would  pay  for 
:penses. 

general  it  may  be  said,  and  it  has  been 
d  by  long  practice  at  Rhonitz,  that 
isad vantages  connected  with  the  use  of 
in  blast-furnaces  are  by  far  out-weigh- 
'  the  great  savings  effected  by  it  when 
rly  managed,  and  it  is  to  be  expected 
he  use  of  wood  will  enable  many  char- 
furnaces  to  withstand  the  increasing 
e  tit  ion  of  the  coke  and  anthracite 
cea.  S. 


RAILWAY  DISASTERS. 

T  KINDS  OF  DISASTERS  CAN  BE  EASI- 
Y    PREVENTED   BY    LEGISLATION. 

From  th«  ««  Neir  York  Timea." 

6  awful  frequency  of  railway  disasters 

it   last  set  people  to  thinking  whether 

practicable  means  cannot  be  devised 

event  or  lessen  the  horrors  that  attend 

;  and  many  theories  of  railway  safety 

heen  set  forth  in  the  newspapers  by 

ofessional  experts,  to  the  utter  bewilder- 

of  the  public.     But  we  have  yet  to 

that  a  single  step  has  been  taken  by 

ay  managers  or  by  the  Government  to 

)   certain  unquestioned   and  notorious 

»  of  disaster  which  we  shall  enumerate 

1868  as  well  defined  at  Angola,  Carr's 

:  and  Pine  Tree,  as  at  3Iast  Hope. 

16   misplacement  of   switches,   for  in- 

6,   even   by   men   considered    careful, 

oocars,  but  the  English  system  of  sig- 


nals would  warn  both  engineman  and  fire- 
man of  the  fact  in  ample  time  to  stop.  Hun- 
dreds of  lives  might  have  been  saved  by 
thus  widening  the  range  of  notice  and  re- 
sponsibility— it  is  almost  impossible  that 
three  men  will  blunder  in  such'  a  matter  at 
tlie  same  instant — and  yet  not  one  in  five 
hundred  switches,  passed  by  express  trains 
at  the  top  of  their  speed,  is  so  guarded. 
We  have,  on  a  previous  occasion,  shown 
that  not  less  than  five  men,  practically 
asleep  at  Mast  Hope  that  fearful  night, 
might  have  saved  the  train  if  the  appoint- 
ments and  regulations  of  the  road  had  been 
adequate. 

The  preservation  of  trains  from  wreck,  by 
safety  brakes  instantly  applied  to'  all  th6 
wheels,  must  have  been  a  matter  of  experi% 
ence  with  many  of  our  readers ;  it  has  been 
so  not  less  than  three  times  with  the  writer, 
on  one  of  the  roads  leading  out  of  this  city. 
But  the  use  of  such  brakes  is  hardly  increas- 
ing, and  is  not  general. 

An  American  train  being  connected  mere- 
ly by  slack  couplings,  each  car  is  free  to 
sway  laterally  and  vertically,  even  to  the 
extent  of  jumping  off  the  line,  without  re- 
straint from  the  adjoining  cars.  The  late 
Pine  Tree  disaster  was,  in  the  opinion  of 
experts,  especially  of  English  engineers, 
who  have  commented  severely  upon  it, 
greatly  aggravated  by  this  cause,  and  it  is 
certain  that  many  slight  mishaps  have  grown 
into  awful  catastrophes  for  the  want  of  the 
simple  English  appliances  by  which  a  train 
becomes  an  articulated  whole,  instead  of  a 
scries  of  disjointed  and  independent  pieces; 
each  surging  about  without  any  restraint. 
On  one  of  the  few  American  lines  where 
this  system  has  been  partially  applied,  it  has 
been  substantially  neutralized  by  adding  tkt 
old  linhs^  which  are,  of  course,  always  used 
to  save  trouble. 

Experts  generally  are  of  the  opinion  that 
a  narrow-gauge  car  cannot  run  with  the 
highest  safety  through  wide-gauce  frogs  and 
guard-rails — in  fact,  that  the  late  fearful 
Angola  slaughter  is  a  case  in  point — ^yet  the 
inch  and  a  half  difference  of  gauge  remains, 
and  the  number  of  cars  suited  to  the  one, 
and  consequently  uneuited  to  the  other,  but 
run  over  both,  is  constantly  increasing. 

The  breaking  of  raib  does  not  often  occur 
when  reasonable  care  b  taken  as  to  their 
quality  and  laying.  Yet  it  is  the  opinion  of 
the  many  engineers  whom  we  have  consult- 
ed, that  a  reasonable  measure  of  safety  can- 
not be  secured  withoQt  eoQtionous  loDgitu* 
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dinal  sleepers^  or  some  mechaincal  equiva- 
lent thereof,  which  shall  hold  the  broken 
pieces  of  rail  in  place  loDg  enough  to  pa8»  a 
train  in  safety.  But  there  is  nothing  of  the 
kind  in  use. 

Again,  if  there  is  anything  clearly  and 
poeittvely  settled  in  railway  practice,  it  ie 
that  ricketly  **  permanent  way  *' — broken 
chair.M,  rotten  sleepers,  loose  spikes  and  rails, 
with  parts  of  the  head  split  off — are  utterly 
and  frightfully  unsafe.  But  we  will  nnder- 
take  to  show  any  competent  Government 
committee  just  this  kind  of  track  by  the 
hundred  miht — track  that  any  commission 
of  experts  would  rcfut^e,  upon  examination, 
to  ride  over  at  high  speed,  and  which  is 
habitually  left  in  this  condition  month  after 
month*  Vet  when  trains  run  off  tracks  of 
this  general  character,  juries  are  utterly  at 
a  loss  to  account  for  it^  and  fall  to  specula* 
ting  on  the  occult  molecular  differences  in 
irons,  the  moral  character  of  employees,  and 
everything  but  what  is  obvious  and  perti- 
nent. 

There  are  in  New  England  hundreds  of 
old  wooden  brlilge»,  designed  when  the 
stress  put  upon  materials  was  much  nearer 
the  limit  of  strength  than  is  now  deemed 
safe — bridges  that  have  deteriorated  in  the 
alternate  rain  and  shine  of  twenty  years, 
and  whicht  being  built  for  fifteen  or  twenty 
ton  engines,  are  to-day  straining  under  those 
that  weigh  !j5  and  SO  tons — bridges  in  which, 
according  to  engineers  and  bridge-builders, 
whom  we  have  consultedt  the  iron  rods  arc 
strained,  when  two  engines  happen  to  meet, 
up  to  50,000  lbs.  per  in.,  when  10,0iJ0  lbs. 
is  considered  a  safe  working  load.  Now  and 
then  a  wooden  bridge  falls  under  a  train, 
and  it  i^  a  dreadful  but  inevitable  conclusion 
that  hundreds  of  lives  are  yet  to  be  aacri- 
iioed  in  this  manner. 

The  moat  unnecessary,  and  at  the  same 
time  the  most  frightful  risk  of  railwa3^  trav- 
eling is  yet  to  be  mentioned — it  is  the  risk 
of  mangling  and  roasting  by  the  splinters 
of  the  wooden  car,  that  comprehensive  and 
labor-saving  engine  of  torture,  for  which, 
had  the  Adversary  hatched  it  in  their  day, 
the  Spanish  Inquisitors  would  have  thrown 
aside  all  their  limited  and  clumsy  contriv- 
ances. Upon  violently  striking  any  rigid 
object,  the  wooden  passenger  car  is  as  cer- 
tain to  go  off  as  a  bombshell,  with  this  ad- 
vantage over  the  bombshell,  that  it  has  a 
percussion  fuse  at  every  angle,  and  com- 
pletely surrounds  the  objects  it  is  to  destroy. 
Seriously*  the  wooden  car  is  certain  to  break 


i^^^dBSSm 


up  in  case  of  coUistoD  or  dentlntii  i 
speed,  and  then  the  baming  of  tke  \ 
gers  is  probable — their  maDgling  bl 
able.     £very  few  montha^  men,  i 
little  tender  children  are  lortttre4  W^ 
and  this  awful  fate  ia  eertatnly 
some  of  us.     But  nut  a  single  fVef  1 
taken   by    railway    nizioagcm    to 
evil,  though  the  reine^iy  ia  praciixmUr.i 
even  economical  in  tbc  long  run.    lrg*i 
neither  splinter  nor  barn,  and  will  i 
wood  again  and  again — jet  we  do  veil 
that  a  single  iron  pa^&mengtf  csr  ii  i 
plated. 

We  have  thus  specified  a  few  ©f  ( 
notorious  and  nnquestioued  cautittl 
way  disaster — Ciiuses  whic^  doiie4| 
the  so-called  hidden  and   unsearel 
ture  and  changes  of  materials,  nor  aay  i 
theories   of  construct  ion,  nor   the  tig 
and  responsibility  of  employeei.    Tbe  i 
dies  for  all   these   univemal,  ttdaitiif  i 
ever-menacing    evilti    are    precedeait^ 
practical  \  some  of  them  are  almci 
lously   inexpensive ;  socnc   of    iboi 
save  their  cost  every  year  in  tcjwirp 
and  tear^  and  all  of  them  are  feMiUt,  ■■* 
pie  and  utiembarrafiaed  aubjecta  for 
tioD.     How  many  more  murden 
law-makers  ignore  I 


OtEAM  BoiLKR  iNsrRANCK  15  AMlEf^ 

U  — The  Hartford  Stkam  Eiicim 
SPECTION  AND  Insurance  Co.— flit»H 
unfortunate  we  in  England  may  he  to 
matter  of  steam  boiler  exploaioM.  00  < 
can  fail  to  have  observed  that  our  &in^  ti 
the  United  States  are  still  more  90w  Th^ 
annual  loss  of  life  and  property  tBeffV,  frtm 
this  cause,  must  appear  very  lar)go,  trfU  i« 
the  casual  observer*  whilst  to  t^ote  •fca* 
attention  is  friquently  drawn  telbtiBMffti 
the  results  are  really  startling.  Jl  viU  Vi 
sufficient  for  the  present  purpose  te  allatlf 
to  the  record  for  the  past  two  yearv,  u  f^ 
found  its  way  into  the  papers.  Such  ire* 
cord  is,  of  course,  a  very  iueoniplite  lum* 
mary  of  the  number  of  Uvea  leal,  ad4  tlM 
amount  of  proj»erty  destroyed  bj  bmltfts* 
plosions  in  the  time  speeified.  Haay  itflo* 
sions  of  a  more  or  lei^  serious  nalafs  an 
never  reported  by  any  newspaper,  or,  if  rt* 
ported,  fail  to  meet  the  eyea  of  thai»  ifittr* 
ested  in  preserving  an  aceoufit  of  ihm- 
Incomplete,  however,  aa  it  is,  when  wt  pou 
the  fact  that,  during  I  wo  yi-ar«, 
800   liveB  have   been  lost  u 
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^%Mler  explosions,  and  an  immense  amount 
^V  Tmlaable  property  destroyed,  ranging — in 
T^  Tarioos  instances  where  any  estimate 
■"insgiTeii— from  8500  to  $50,000,  it  demon- 
.'•'ilntes  very  conclasively  the  need  of  such 
-'  •  syBlem  of  boiler  insurance  and  inspection 
'■'\m  ikat  country  as  we  have  in  our  own.    This 
'Beeeflstty   has   been  recognized — somewhat 
'tardily,   perhaps — by   the  Americans,  who 
took   a  leaf  out  of  our  book,  and  in  1866 
-started  "The  Hartford  (Conn.)  Steam  Boil- 
er  Inspection   and   Insurance  Co.,'*  about 
irhtek  association   we   have   to   say  a  few 
words.    We  are  induced  to  do  this  from  the 
fMt  that  our  journal  finds  favor  in  many 
parte  of  the  States,  where  our  persistent  ad- 
Toeaey  of  boiler  inspection  is  well  known, 
aad  where  the  advantages  of  the  system  are 
admitted.     If,  then,  the  correctness  of  the 
principle  be  allowed,  and  if  we  point  out  to 
thoee  wLo  may  not  be  aware  of  it,   that 
Ameriean  steam  users  have  the  same  oppor- 
tanities  of  making  themselves   safe  as  we 
in  England  have,  there  remains  no  excuse  if 
they  do  not  avail  themselves  of  the  means 
offered. 

The  Hartford  Association  is  the  pioneer 
eompany  of  the  United  States,  and  from 
particnlars  recently  forwarded  by  a  corres- 
pondent, we  find  that  during  the  two  years 
and  a  half  it  has  been  in  operation,  it  has 
extended  its  business  by  a  system  of  well 
appointed  agencies  over  a  great  part  of  the 
eonntry.  Many  of  the  largest  manufactu- 
rers hold  its  policies,  and  its  rapidly  increas- 
ing business  attests  the  value  of  its  work. 
Its  business  is  confined  to  no  particular  form 
of  boiler,  nor  to  any  special  class  of  manu- 
fMSturers.  It  embraces  ironworks,  mines, 
cotton  and  woolen  mills,  saw  mills,  locomo- 
tives, steam-boats  and  steam-tugs,  and,  in 
short,  all  establishments  where  steam-power 
is  need.  All  boilers  under  it4s  care  are  care- 
folly  inspected,  internally  and  externally, 
by  competent  practical  men  four  times  a 
year.  Steam  gauges  are  tested,  safety 
▼alves  properly  adjusted  and  weighted, 
boiler  connections  carefully  examined,  and 
information  given  relative  to  setting  and 
management.  The  end  and  aim  of  all  this, 
be  it  remembered,  is  economy  in  the  use  of 
(bel,  and  safety  to  life  and  property.  As  a 
matter  of  course,  the  work  of  the  company 
has  brought  to  light  many  and  dangerous 
defects  ;  and  there  can  be  little  or  no  doubt 
that  disastrous  explosions  have  been  prevent- 
ed. We  know  that  where  boilers  are  left 
nnezamined  for  months  and  yoars  together. 


incrustation,  internal  and  external  corro« 
sion,  burned  plates  and  blisters,  shorten 
tlieir  working  age,  and  render  them  posi- 
tively dangerous.  The  usual  mode  of  in- 
spection, applying  the  hydraulic  test,  takes 
no  cognizance  of  these  defects,  and  does  but 
little  towards  insuring  safety.  The  policy 
of  insurance  which  the  company  issues, 
covers  damage  to  boilers,  buildings,  stock 
and  machinery,  arising  from  explosions,  and 
is  a  guarantee  that  the  inspection  has  been 
thoroughly  effected.  It  stands  to  reason 
that  self-interest  would  cause  the  work  to 
be  properly  done,  inasmuch  as  the  party 
making  it  has  a  pecuniary  interest  in  its 
issue. 

The  company  imposes  no  arbitrary  condi- 
tions ;  it  is  interested  in  no  patented  appli- 
ances, but  on  receipt  of  the  proposal  for 
insurance,  together  with  the  inspector's  re- 
port, the  boilers  are  classified  and  accepted 
at  a  proper  rate  per  cent,  unless  they  are 
found  on  inspection  absolutely  unsafe,  in 
which  case  the  applicant  is  furnished  with 
a  written  statement  of  their  condition.  In- 
formation relative  to  the  management  of 
st«am  boilers,  monthly  reports  of  the  in- 
spectors of  the  company,  a  list  of  explo- 
sions, so  far  as  they  can  be  obtained,  for 
each  month,  and  other  valuable  information, 
is  disseminated  amongst  the  policy-holders 
by  means  of  a  monthly  paper  called  '*  The 
Locomotive.*'  From  what  we  have  ad- 
vanced, it  will  be  seen  that  the  Hartford 
Association  is  conducted  upon  equitable 
principles.  The  present  remarks  are  penned 
with  the  view  of  promoting  the  interests  of 
those  steam  users  who  are  indifferent  to 
themselves,  and  of  increasing  public  safety. 
We,  therefore,  trust  that  they  may  lead 
those  who  may  read  them,  and  who  have 
hitherto  held  back,  either  from  ignorance  or 
obstinacy,  to  avail  themselves  of  the  mani- 
fest advantages  of  inspection  and  insurance. 
It  is  an  old  and  oft-reiterated  opinion  of 
ours,  that  it  is  due  to  the  State  that  every 
man  should  adopt  every  precaution  in  his 
power  to  protect  the  life  and  property  of 
his  fellow  subjects,  A  persistent  disregard 
of  this  principle  is  a  flagrant  violation  of 
the  moral  law,  which  the  State  will  not  al- 
ways permit  with  impunity  to  the  offender. 
— Mechanics^  Magazine. 

THE  Corliss  Engines  at  Woolwich  Ar- 
senal, are  using  from  3.3  lbs.  to  3.7  lbs.  of 
coal,  per  hour  per  horse  power,  as  shown  by 
the  daily  engine  reports, 
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BETON  BUILDING. 

*  From  **  The  Canadian  Builder.*' 

Of  all  the  compositions  which  in  late  days 
have  been  introduced  as  substitutes  for  brick 
and  stone-work,  there  is  not  one  that  presents 
more  attractions  as  a  material  than  beton. 
But  the  use  of  it  is  limited  to  those  locali- 
ties where  water  lime  can  be  had  at  a  reasona- 
ble price.  For,  although  that  admirable 
cement  is  abbut  the  only  one  of  its  compon- 
ent parts  that  is  expensive,  yet  the  propor- 
tion used  makes  the  beton  more  costly  than 
could  be  wished,  notwithstanding  its  many 
merits  as  a  building  material.  There  need 
not  be  any  stone  or  stone  chips  used  in  the 
making  of  beton.  All  that  is  required  to 
make  a  quick  setting  and  very  durable  ma- 
terial is,  sand,  three  part ;  water  lime,  one 
part ;  broken  brick,  six  parts.  The  water- 
lime  and  sand  should  be  well  mixed  together, 
dry.  Then  have  as  much  water  thrown  over 
as  will  make  a  moderately  stiff  mass,  when 
it  is  to  be  instantly  transferred  to  the  moulds, 
which  are  already  in  their  place  on  the  walls, 
and  the  center  to  be  packed  with  the  broken 
brick,  which  being  very  porous,  will  receive 
the  moist  cement  readily  on  its  broken  faces, 
and  help  to  set  the  whole.  The  mode  of 
constructing  the  courses  is  by  means  of 
moulds  easily  adjusted  and  taken  apart. 
They  are  to  be  calculated  so  as  to  enclose  a 
block  of  beton  of  the  required  thickness  of 
the  wall,  and  half  again  that  thickness  in 
length.  There  height  may  be  ten  inches. 
Thus,  if  the  wall  be  twelve  inches  thick,  the 
block  will  be  the  same,  and  also  eighteen  in. 
long  by  ten  in.  high. 

We  will  proceed  to  describe  the  operation 
of  building  as  carried  out  in  the  construc- 
tion of  a  beton  house  at  Black  Rock,  near 
Buffalo,  some  years  ago.  The  lines  being 
laid  out,  the  basement  was  excavated  to  the 
depth  of  six  feet,  and  the  trenches  for  the 
foundation  walls  dug  out  one  foot  and  a  half 
below  the  bottom  of  the  basement.  These 
trenches  were  two  ft.  and  a  half  wide,  that  ?s, 
three  in.  each  side  wider  than  the  basement 
wall  above  them.  The  basement  was  there- 
fore dug  three  in.  wider  than  the  plan  all 
around,  and  this  was  done  to  leave  room  for 
the  placing  of  the  moulding  boxes  with  their 
rods.  The  bottom  of  the  trenches  was  made 
level,  and  these  were  filled  with  concrete 
composed  of  six  parts  gravel,  four  parts  sand, 
one  and  a  half  parts  quicklime,  with  suffi- 
cient water.  When  this  mass  was  well  mixed 
and  turned  over  three  or  four  times,  it  was 
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^  in  of  the  frames  until  the  work  b  all 

^Irffeiently  set.  However,  it  is  necessary 
^ll  insert  these  moulds  at  doors  aud  win- 
'  dnrs,  at  the  ends,  which  will  form  the  jambs 
rf  sofih  pieces  of  scantling  called  stops, 
kmt  in.  thick,  and  sufficiently  wide  to  permit 
At  future,  frame  to  rest  five  or  six  in.  back 
from  the  outer  face  of  the  wall.  Of  course 
-  Am  frame  can  be  set  up  and  the  jambs  work- 
ed iqi  to  it,  but  it  is  more  troublesome  and 
vill  scarcely  make  as  good  a  job.  The 
window-sills  and  caps  were  provided  for  in 
like  manner,  and  there  was  a  splay  left  in 
the  window  jambs,  by  means  of  angular 
pieces  being  added  to  the  above  mentioned 
SU^,  which  gave  the  required  mould  to  the 
betOD.  When  the  level  of  the  ceiling  was 
attained,  the  flooring  joists  were  all  set  up 
in  their  places,  and  temporary  bridging  of 
plank  fixed  between  every  every  pair,  so  as 
to  hold  the  beton  which  was  thus  continued 
wpy  making  a  compact  bed  for  the  joists,  and 
effeotually  preventing  the  lodgement  of  ver- 
min. The  short  boards  or  pieces  here  used 
may  be  removed  when  the  work  is  set,  as 
they  will  be  wanted  again  on  the  next  floor. 
In  the  building  we  describe  they  were  left 
in*  but  it  b  not  at  all  necessary. 

The  joists  being  all  flushed  up  with  the 
beton,  the  floor  boards  were  nailed  down  and 
the  beton  again  flushed  up  to  the  surface  of 
the  floor.  The  moulds  were  now  placed  for 
the  walls  of  the  principal  story,  which  being 
•ix  in.  less  than  than  those  of  the  basement, 
the  ends  of  the  moulds  were  made  in  accor- 
dance with  the  new  thickness,  namely, 
twelve  in.,  and  the  work  went  on  as  before, 
with  the  exception  of  the  comers  of  the 
main  walls  which  were  rounded  by  means 
of  blocks  of  the  necessary  shape  being  set  in 
the  angle.  This  rounding  off  of  the  wall 
on  the  outer  comers  gives  a  very  neat 
appearance  without  adding  to  the  cost.  On 
the  contrary,  it  economizes  the  material ; 
for  the  thickness  of  these  comers  instead 
of  being  greater  on  the  diagonal,  is  exactly 
the  same  as  that  of  the  straight  walls 
throughout.  In  the  manipulation  of  the 
beton  for  the  walls  of  the  superstructure,  it 
was  deemed  advisable  to  pack  the  front  of 
each  mould  with  a  finer  coat  of  cement  than 
that  used  at  the  heart,  or  even  at  the  back, 
10  as  to  give  a  uniform  face  to  the  outside. 
This  face  was  carefully  troweled  into  the 
bed  made  for  it  in  the  mould,  by  working 
hack  the  coarser  beton  in  which  the  broken 
brick  was  packed.  In  the  top  of  the  first 
tier  of  blocks  forming  the  course,  an  angle 


mould  was  laid  along  and  pressed  into  the 
fine  beton  forming  the  outside  face.  And 
on  the  bottom  of  the  next  tier  of  moulds,  a 
corresponding  angle  mould  was  laid  and  the 
beton  cast  firmly  around  it.  And  thus  every 
course  was  treated.  The  consequence  was 
that  the  cincture  left  on  the  removal  of  these 
moulds  produced  an  effect  on  the  exterior 
remarkably  like  coursed  masonry,  the  course 
lines  being  of  the  ^  shape,  about  two  in. 
wide,  and  one  and  a  half  deep.  Other  sec- 
tions of  cincture  can  be  moulded  to  suit 
other  designs  of  building.  After  each  course 
was  uncovered,  these  sunken  mouldings  were 
finished  smooth  by  working  a  whole  mould  of 
the  >■  shape  along  them,  backward  and  for- 
ward. Perpendicular  moulds  of  like  shape 
might  have  been  made  to  mark  out  each 
block,  and  no  doubt  would  have  improved 
the  appearance  of  the  building.  The  sunken 
horizontal  courses  were  carried  all  around 
the  house  and  produced  a  good  effect.  The 
next  floor  was  flushed  up  at  the  joists  pre- 
cisely in  the  same  manner  as  the  first  or 
principal  floor.  The  windows  and  doors  all 
set  in  and  worked  up  to.  But  this  is  not 
the  better  way.  The  sills  and  lintels  were 
of  oak,  but  the  latter  did  not  show  on  tho 
outside.  It  would  be  much  better  to  have 
stone  sills  and  lintels.  The  partition  walls 
were  six  in.  thick,  and  were  cast  in  unbroken 
courses,  with  the  exception  of  openings 
for  doors.  The  door  cases  were  set  in  and 
worked  up  to.  Blocks  were  nailed  to  the 
floors  at  the  walls  and  partitions,  to  receive 
the  base  board  of  the  apartments — and  these 
blocks  were  covered  up  in  the  beton.  In 
like  manner  there  were  blocks  inserted  for 
nailing  finishing  o:  windows  and  doors  to, 
and  for  holding  the  horizontal  slates  from 
which  to  hang  pictures.  The  roof  was  a 
gabled  one,  of  a  fourth  pitch,  but  a  Nansard 
would  have  been  a  great  improvement.  The 
walls  were  skin  coated  on  the  inside  of  the 
house,  and  the  best  rooms  were  hard-finished. 
Nothing  can  be  easier  for  the  plasterer  to 
make  a  workmanlike  job  with  ;  for  his  ma- 
terial is  sure  to  adhere  to  it.  There  is  little 
more  to  add,  save  that  the  chimney-flues 
were  all  cast  round  bv  means  of  stovepipes 
used  as  moulds  and  left  in.  This  is  not  a 
good  plan,  as  the  stovepipe  will  corrode 
after  a  time,  and  it  is  very  difficult  if  not 
impossible  to  remove  it.  It  would  be  better 
to  use  a  movable  cylinder  mould  with  a 
handle,  and  have  the  flue  finished  smooth  in 
beton.  The  chimney  shafts  can  be  very 
ornamentally  finished  with  terracotta  oapa. 
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To  those  who  can  procure  water-lime  at  any- 
thing like  a  reasonable  price,  we  would 
strongly  ret'ommeiid  beton  as  a  particularly 
applicable  materiitL  It  ia  wami  in  winter, 
cool  ill  summer »  and  at  all  times  dry  and 
lieahbfuL  In  mixing  coinmoii  lime  with  it 
— of  course  for  economy^w  8ake  alone — it 
will  be  well  to  bear  in  mind  that^  whilst 
quick  lime  swells  in  slaking  about  one-fourth, 
water-lime  on  the  contrary  shrinks  about  a 
fifth.  By  experiment  on  the  limes  to  be 
Ufledf  exactness  can  be  attained.  By  thu.s 
calculating^  the  two  may  be,  so  to  speak, 
dove* tailed  Into  each  other. 


INDUSTRIAL  PARTNERSinP. 

A  humane  tendency  towards  the  improve- 
ment of  the  condition  of  the  working-classes 
evidently  exists  in  ail  civilized  countries. 
Many  sys^tems  have  been  invented  and  tried, 
and  nnmy  have  failed.  The  old  French  com- 
munistic principles  have  been  found  totally 
imprh-cticmble.  No  means  have  succeeded  in 
England  as  yet  to  universally  prevent  great 
and  long-continued  strikes  so  ruinous  to 
both  capital iHts  and  workmen.  The  idea  of 
Laasalle  in  Germany  that  the  **help  '*  has^  to 
€ome  from  the  governments,  was  not  able  to 
rouse  the  latter  from  their  impassibility,  nor 
to  in?jpire  confidence  in  the  greater  number 
of  the  workmen.  The  second  empire  in 
France  undertook  to  calm  the  laboring  classes 
by  an  unprofitable  occupation,  at  the  expense 
of  the  whole  people,  in  the  embellishment 
of  the  capital.  This  great  and  beautiful  but 
to  &  great  extent  fruitless^  work  is  not  yet 
fully  accomplished,  and  already  we  hear  of 
seditious  scenes  thut  occur  in  the  embellish- 
ed c  ap  i  taL  I  u  th  i  8  c  ou  n  try  t  he  v  a i n  a  tt e  m p  t 
has  recently  been  made  to  regulate  by  law 
certain  relatione  between  capital  and  labor, 
relations  which  under  a  dcj^potic  goverraent 
only,  could  be  regulated  otherwise  than  by 
the  free  will  of  both  the  concerned  parties,  by 
voluntary  agreement  between  free  men  and 
free  men,  between  laborers  and  capitalists, 
when  they  acknowledge  each  others  rights 
and  when  they  recognize  and  own  that  the 
interest  of  the  one  is  the  interest  of  the  other. 
The  eight  hour  law  was  totally  ineffective, 
aa  might  have  been  expected  before  hand. 
A  real  and  great  success  in  improving  the 
condition  of  the  workiag-clasBefl  was,  however, 
obtained  in  Germany  by  Schnltze-Delitssch, 
whom  A.  S.  Hewitt  in  his  report  of  the  Paris 
Exposition  of  1867,  calls  therefor  '*  the  great- 
6st  benefactor  of  the  human  race  in  our  days/* 
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an.  Crossley  divided  the  whole  of  their 
i^iasine8»-capital  into   shares,    the  fifth  part 
fid  which  they  offered  and  sold  to  their  em- 
y jloyees  mt  £15  per  share.     By  this  operation 
:  Ihij  obtained  not  only  perfectly  satisfactory 
:  vdatioDfl  with  the  workmen,  but  a  great  ma- 
1  toriml  gain.     Within  the  first  three  years 
:  after   ue   introduction  of  this  system,  the 
:   JBurly  dividends  amounted  to  15  per  cent, 
-    Md  m  reserve  capital   of  £11,284  was  ao- 
".    anUted  besides.     In  the  greatest  financial 
«risis  the  value  of  the  shares  of  this  com- 
yaay  did  not  sink  below  £17.     A  success 
■ore  brilliant  yet  was  obtained  through  In- 
dnatrial  Partnership  at  the  coal  mines  of 
Messrs.  Briggs  at  Whitewood  and  Methley 
jvnetion,  near  Normantown.     Continual  dis- 
MDsions   between   the  proprietors  and   the 
sen  existed  at  these  mines  from  1853  up  to 
1863.     In  the  years  1858  and  1863,  regular 
strikes  took  place.     The  proprietors  in  con- 
sequence concluded  to  sell  one-third  of  their 
mining-property   to  their  workmen,  and  to 
other  persons   in  shares   of  £15,   of  which 
£10  had  to  be  paid  in  at  once.     The  work- 
men at  first  showed  some  diffidence.     But 
Tory  soon  the  demand  for  shares  increased 
to  such  an  extent  from  all  sides  that  Messrs. 
Briggs  kept  in  their  own  hand  only  6,450  of 
the  existing  10,000  shares.     They  sold  1,- 
068  to  their  customers,  1,847  to  the  general 
pablie,  114  to  their  agents  and  264  to  their 
workmen ;  230    more    were    reserved    for 
farther  purchases   from   the    latter.      The 
office-employees    took   86   shares,   and   the 
other  178  were  sold  to  83  miners  and  61 
laborers.     As  the  works  occupy  in  all  785 
miners    and    204    laborcs,    one    share   is, 
in    the     average,     in    the    hand     of    one 
amongst     nine     miners,     and    one     share 
is     in     the    hand    of  one    amongst    three 
hiborers.     No  one,  Messrs.  Briggs  of  course 
excepted,  can  hold  more  than  6  shares  ao- 
oordmg    to  the   agreement.      These  mines 
which  m   former  years   in   consequence   of 
strikes  and  bad  work,  did  not  pay  an^  in- 
terest whatever,  have  been  able  to  distribute 
from  £15,000  to  £18,000  of  dividends  in  the 
last  three  vears  and  have  besides  accumula- 
ted a  considerable  reserve. 

**  The  North-western  Manufacturing  Com- 

Ky  in  Chicago  introduced  the  Industrial 
tnership  in  the  following  manner.  The 
weekly  earnings  of  every  workman  were 
ealcolated  from  the  average  wages  for  a  daily 
work  of  10  hours.  It  was  agreed  that  the 
whole  body  of  workmen  should  receive  in 
addition  to  their  regular  wages,  the  one  half 


of  the  net  profits  exceeding  10  per  cent  of 
the  capital.  The  distribution  of  these  pro- 
fits is  effected  in  proportion  of  the  wages 
earned  by  every  single  man,  as  found  by  the 
just  mentioned  calculation.  The  sharehold- 
ers are  to  receive  10  per  cent  of  the  capital 
and  the  other  half  of  the  excess.  According 
to  communications  received  from  Chicago, 
$50,000  of  profits  were  obtained  from  one 
year's  business  with  a  capital  of  $250,000. 
The  share  of  profits  paid  to  the  140  work- 
men of  the  factory  were  therefore  $12,500. 
Mr.  Borchert,  jun.  in  Berlin  (Prussia)  was 
the  first  German  house  who  made  a  trial  with 
the  system  of  Industrial  Partnership.  Mr. 
Borchert  estimated  the  value  of  his  establish- 
ment at  800,000  thalcrs  and  divided  this 
sum  in  12,000  shr.ics  of  25  thalers  each. 
He  allows  one-tenth  of  them,  or  1,200  shares, 
to  be  bought  and  owned  by  his  workmen  and 
employees.  The  share-holders  constitute  a 
company  for  themselves.  They  elect  three  of 
their  members  as  directors.  The  latter  have 
the  right  to  inspect  the  books,  and  they  re- 
ceive every  month  full  information  on 
the  condition  of  the  business  from  the 
proprietor  who  is  also  the  general  man- 
ager of  the  factory.  As  soon  as  three- 
tenths  of  the  shares  will  be  sold,  the 
directors  elected  by  the  shareholders,  will 
have  a  direct  influence  on  the  business 
transactions.  One  half  of  the  net  profits 
(probably  after  deducting  a  certain  interest 
on  the  capital)  is  divided  among  the  work- 
men in  proportion  to  the  wages  received. 
These,  however,  who  are  steadily  employed 
and  paid  by  the  week  receive  a  greater  part 
in  proportion  than  those  who  are  paid  by  the 
piece.  The  other  half  of  the  net  profits  is 
divided  amongst  the  shareholders.'* 

After  having  made  these  communications, 
Mr.  Kugel  in  his  lecture  further  alluded  to 
the  difficulties  which  in  many  places  may 
oppose  themselves  to  the  introduction  of 
Industrial  Partnership.  He  thought  how- 
ever that,  to  judge  from  the  brilliant  success 
obtained  with  it  in  some  establishments,  it 
deserves  to  be  warmly  recommended.  The 
introduction  has  of  course  to  be  done  cau- 
tiously and  with  special  regard  to  local  cir- 
cumstances. He  finally  expressed  the  opin- 
ion tbat  the  institution  of  Industrial  Part- 
nership will  prove  a  better  and  safer  step 
toward  the  solution  of  the  so-called  **  social 
question,"  or  the  question  of  the  improve- 
ment of  the  social  position  of  the  working- 
classes,  than  even  the  institution  of  produc- 
tive associations. 
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We  cannot  conclude  tliia  article  withrmt  | 
directing  the  attention  of  our  readers  t^  a 
roniarkable  feature  which  some  of  the  above 
metxtioned  exauiplei*  of  partnership  have  in 
common.  The  proprietors  do  not  sell  a  cer- 
tain number  of  shares  to  their  workmen  with- 
out selling  at  once  a  much  larger  number  to 
outsiders*  This  appears  to  be  au  important 
point  whieh  prevents  direct  disputes  between 
the  shareholding  workmen  and  the  proprie- 
tors about  the  prolits  and  the  dividends. 
This  remark  dues  not  of  course,  apply  to 
those  cases  in  which  the  proprietors,  without 
selitng  any  shares,  distribute  amongst  their 
workmen  a  certain  part  of  their  profits  as  a 
free  donation.  S. 


MAKING  Foundations  in  Mahshes. — 
A  new  process  of  making  foundations 
for  bridges  in  marshy  soils  has  been  recently 
used  on  a  braut-h  line  of  the  Charentes  Hail- 
ways  Company  in  France.  This  line  crosses 
a  peat  valley  to  the  junction  of  two  small 
rivers ;  the  thickness  of  |ieat  was  so  great 
that  any  attempt  to  reach  the  solid  ground 
would  have  been  vi^ry  expensive.  In  order 
to  obtain  cheaply  a  good  support  for  the 
bridge,  two  large  masses  of  ballast  accurate- 
ly rammed  were  tnade  on  each  bank  of  the 
river,  and  a  third  one  i>n  the  peninsula  he 
tween  the  two.  The  slopes  of  these  heaps 
were  pitched  with  dry  stones,  for  preventing 
the  sand  from  being  washed  away  by  the  ruin 
or  by  the  floods  in  the  rivers.  Over  the 
ballast  a  timber  platform  is  laid;  this  plat- 
form carries  the  girders  of  the  bridge,  which 
bas  two  spans  of  about  130  ft,  each.  Wheu 
some  sinking  down  takes  place,  the  girders 
are  easily  kept  to  the  proper  level  by  pack- 
ing the  ballast  under  the  timber  platform  ; 
this  packing  is  made  by  the  platelayers  with 
their  ordinary  tools.  This  simple  and  cheap 
process  has  sueoeeded  quite  well. 

The  same  difficulty  was  overcome  by  a 
different  plan  on  an  ordinary  road  near 
Algiers,  This  road  crosses  a  peaty  plain 
nearly  one  mile  broad;  the  floods  and  elasticity 
of  the  ground  prevented  the  formation  of  an 
embankment.  The  road  was  to  be  carried  over 
a  viaduct  across  the  valley,  but  the  founda- 
tions of  this  viaduct  presented  serious  dif- 
ficulties, the  thickness  of  peat  or  of  compres- 
aible  ground  being  nearly  80  ft.  It  was 
quite  possible  to  reach  the  solid  ground  with 
ca«t  iron  tubes  sunk  with  compressed  air,  or 
with  any  other  system,  but  neither  the  im- 
plement's nor  the  suitable  workmen  were 
,  available  in  the  colony,  and  it  was  a  great  | 


expense  to  bring  them, 
workmen,    from     Franiw.      Tht 
timber   piling  mvks    of  ooarse  ooit  d{ 

tiou,  as  timber  is  very  expeDJiiT«  ta  / ' 
and  ijuickly  becomes  rotten;   but '' 
a  set  of  boring  implements  with 
used  to  work  it.     The  ♦>»>  r;,,...^.  i^ 
ing  holes  10  in,  diamot^ 
ground,     Thcde  holtis   hn'-u 
iron  pipes  were  after wardsi   '  b] 

Crete   up  to  the  level  of  the  groirua, 
of  these  concrete   oolumns  l)ear  a  «■ 
column ;  these  columti?s   are  prnpeHv  1 
together  and  support    the  girdim*  *^lhf  f^ 
duct  which  is  divided  into  ^] 
ft.  and  is  '20  ft,  high  over  th^   . 
system  has  succeeded  ver^'  weii^  and  j 
extended    to    another    larger    valli;?.' 
The  Engimer. 


urn^H 


STL\M  AND  POWER  HAMiliJLS 

From  a  paper  befora  ibe  Civil  afid  lUt^atal  1 
gineert*  Boeielj,  bj  Mr.  FiiKZ»K&tca  H. 

C.  E. 

The  author  referred  io  detail  to 
the  earlier  machines,  such  a*  th**  h^h»^ 
tilt   hammers    used    for    sbi:  rrsff^ 

blooms  and  shafting,  til  tin  n^  (ut 

as  this  class  of  machine    '  rrtii 

extent,  for  raising  the  hn  . .  ?».•&* 

nections,  either  through  the  direct 
of  cams,  eccentric,  or  similar  <»-»•-"':•' 
it  followed  that  the  power  rt 
them  was  extremely  large,  auu  uj^  i> 
the  machine  itself  very   heavy  and  dtmbu^ 
some  to  with?*t»nd   the  •  rxm 

It  was  also  found  that  tl  t^i 

of  metal  to  be  worked,  the  ligLi^r  Liii  U(m 
given,  and,  conversely,  the  smalk-r  the lawi. 
the  heavier  the  blow ;  it  wan,  thereft«r»,  ill 
adapted  for  heavy  forgings.  The  inientwQ 
of  the  steam  hammer  solved  th«  difficoltf 
whieh  was  found  to  exist,  and  to  it,  U>  s 
considerable  extent,  is  due  the  iK^rfectiua 
obtained  in  all  classt.*s  of  machines  where 
ponderous  forgiugs  are  found  to  be  absolvt^ 
ly  necessary. 

The  first  idea  with  reference  to  the  it«tti 
hammer  the  author  traced  as  beloQM|  ^ 
that  great  engineer,  Jamed  Walt«  m  o^ 
tained  a  patent,  in  1784,  for  beavybtaOMii 
or  stampers,  for  forging  iron,  Mppsr,  « 
other  metals  without  the  intenreatiaoof  ^ 
tative  motion,  by  fixing  the  hiTii»«rl«4 
either  directly  to  the  pisf  to»^^ 

the  engine.     Another  pa-  ^imJ  iw* 

in  1806,  by  a  Mr.  DeTorell.    Bt 
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admit  steam  underneath  the  piston  of  an 
pne  by  means  of  a  valve,  and  during  its 
Hitroke  the  air  at  the  top  of  the  piston 
a  compressed  by  the  pressure  of  steam 
oiemth,  which  was  released  at  the  proper 
•ment.  The  compressed  air  on  the  top  of 
I  piston,  in  addition  to  the  gravity  of  the 
Bmer  head,  was  to  give  the  blow.  But 
.ther  of  these  ideas  were  put  into  practice 

that  period,  and  it  was  not  until  1837 
kt  any  practical  design  was  put  forward 
'  »  steam  hammer,  and  then  by  Mr.  Nas- 
rihkj  of  Patricroft,  who  urged  its  superior- 
for  working  metal  over  all  other  ma- 
Lnes,  but  was  unable  to  procure  its  adop- 
n  antil  about  1840,  when  he  found  that 
.  Schneider,  of  Creusot,  profiting  by  his 
sign,  had  constructed  a  machine  on  his 
in.  In  1842,  he  obtained  a  patent  for  his 
iam  hammer,  and  from  that  time  it  became 
recognised  power,  and  a  necessity  in  all 
irks  of  importance.  The  facility  which  it 
forded  for  executing  all  kinds  of  forging 
id  the  effect  of  greatly  increasing  the 
lantity  of  work  to  be  done,  and  effecting 
material  saving  both  in  time  and  labor. 

The  steam  hammer,  as  originally  con- 
mcted,  required  the  valves  beine  worked 
f  hand,  which  left  the  machine  in  the  power 
;  the  workman  to  give  proper  efficiency. 
he  valves  were  also  very  difficult  to  work. 
his  plan  answered  for  the  time  for  small 
lachines,  but  where  rapid  motion  was  neces- 
uy,  and  for  larger  hammers,  it  was  un- 
iiitable.  Several  designs  for  self-acting 
lotion,  therefore,  followed  in  quick  succes- 
Lon.  The  author  then  referred  to  the  dif- 
arent  designs  that  had  been  introduced  for 
his  purpose.  In  the  ordinary  Belf-acting 
lammer,  the  man  has  to  watch  the  metal 
inder  operation,  and,  as  its  form  and 
(oeition  change,  he  must  set  his  valve  gear 
o  suit  as  near  as  possible.  The  author 
onsidered  that  the  motion,  to  be  properly 
elf*actiog,  should  be  independent  of  the 
rorkman  as  regards  the  adjusting  of  the 
;ear  to  suit  the  varied  thicknestjcs  of  the 
aetal  on  the  anvil ;  and,  in  order  to  obtain 
he  full  force  of  the  blow,  it  should  reverse 
limultaneously  with,  or  immediately  after 
he  blow  is  given,  and  at  whatever  point  in 
he  stroke  the  blow  takes  place,  tie  con- 
udered  that  was  accomplished  in  Sturgeon *8 
iouble-action  hammer,  where  the  blow  it- 
lelf  was  made  use  of  as  the  agent  to  work 
he  valve,  and  described  the  mechanism  em- 
l^loyed ;  also  the  various  types  of  double- 
letion  steam  hammer  ;  likewise  the  numer- 


ous modifications  and  improvements  effected. 
The  author  then  spoke  as  to  the  specialities 
of  the  heaviest  classes  of  steam  hammers  of 
modem  date,  including  those  of  Mr.  Rams- 
bottom's  design ;  likewise  those  erected  for 
M.  Krupp,  at  Essen. 

With  reference  to  machines  of  a  lighter 
class,  the  author  described  the  various  de- 
signs for  power  hammers,  and  referred  to 
the  patent  pneumatic  hammer,  several  of 
which  he  had  erected,  and  which  are  spe- 
cially adap^d  for  general  smithy  work,  or 
light  forgings,  planishing  and  beating  out 
metal,  etc.  It  is  extremely  simple  in  ac- 
tion, working  by  means  of  the  alternate  ex 
haustion  and  compression  of  air  within  two 
cylinders,  in  one  of  which  is  a  piston,  to 
which  the  hammer  head  is  connected  by 
means  of  the  piston-rod.  By  opening  a 
small  valve,  the  vacuum  formed  within  the 
cylinder  is  destroyed,  and  the  blow  weak- 
ened or  stopped  instantly,  according  to  the 
amount  of  the  valve  opened.  The  machines 
are  capable  of  working  up  to  500  blows  per 
minute  when  required. 


ffiOMOUKDING. 

UNITING  CAST-IRON  BY  **  BUBNING-ON."* 
From  the  «  Praotio»l  Meehanio'i  Jounwl." 

Connecting  lead  with  lead,  by  running  a 
stream  of  very  hot  liquid  lead,  suitably  con- 
fined, in  contact  with  a  surface  of  solid  and 
cold  lead,  until  the  latter  had  got  to  its 
melting  point,  and  then  stopping  the  current, 
so  that  the  two  portions  become  united  when 
both  solid,  has  been  known  to  plumbers  for 
ages  under  the  name  of  ^*  burning  together.'* 
In  fact,  by  this  method  some  of  the  earliest 
lead  water  pipes  were  made  before  **  drawn 
pipe  "  was  known. 

This  same  method  of  **  burning  together  " 
may  be  also  employed  by  the  iron-founder, 
and  occasionally  with  great  advantage.  The 
writer,  in  the  course  of  his  early  practice, 
had  occasion  to  cast  four  of  the  very  ponde- 
rous columnar  cast-iron  frames  which,  in  the 
earlier  days  of  steam  navigation,  were  to  be 
employed  for  the  **  side  frames  '*  of  side-lever 
marine  engines  of  the  heaviest  class.  The 
frames  in  question  consisted  of  coupled 
Roman-Doric  columns  of  considerable  dia- 
meter, cored  out,  with  cross  framing  and 
entablatures,  also  all  cored  out,  and  with 
sundry  projecting  pieces  like  truncated  horns 
etc.,  whereby  the  frames  were  to  be  united 

•  See  alao  Van  Noftrand'i  If »g.>  No.  8>  page  705. 
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with  other  **  thwartship'*  pieces,  each  frame 
weighing  sevenil  tons  and  cansuming  alarge 
amount  of  wages  in  roouKlitig. 

All  four  were  ca»t  sound  and  without  a 
blemish,  except  thai,  upon  the  top  box  in 
which  one  of  thes!ie  was  oust — all  being  cast 
in  green  sand — some  one  liad  unluckily 
dropped  a  bar  or  something  heavy,  or  put  a 
foot  upon  it,  aud  pruciuced  **a  crush,*'  which 
rendered  oue  of  thci^e  horna  utterly  amor- 
phous»  The  casting,  otherwiMe  perfect,  was 
in  that  state  absolutely  useless,  and  was 
about  to  be  broken  up,  when  the  writer 
resolved  to  try  and  save  it  by  attempting  to 
'*  buro-on  '*  a  new  and  perfect  horn.  The 
old  and  defective  mass  was  carefully  cut  off, 
and  removed  down  to  absolutely  sound  metal. 
**  Loam  cakes,"  having  the  proper  form  for 
the  horn,  were  tuken  from  the  pattern,  the 
surface  of  the  cut  metal  was  well  dusted 
over  with  powdered  glass  of  borax,  after 
that  the  mass  of  the  *Vframe/^  in  close  pro* 
piijquity  with  the  defective  place,  had  been 
heated  red-hot  in  a  coke  fire  built  up  around 
it.  The  fire  was  then  raked  away,  the  loam 
cakes  secured  in  place,  and  several  hundred 
weights  of  very  hot  lif|uid  cast-iron  were  for 
some  tinie  kept  flowing  through  the  cav- 
ity of  the  loam  cake  hollow-mould.  At 
length  the  flow  was  stopped,  when  the  cut 
aurtaoe  could  be  felt,  with  the  point  of  an 
iron  bar  pushed  through  the  running  metal, 
to  have  become  pasty  and  soft,  and  the  iron 
was  then  permitted  to  set.  When  finally 
stripped  and  *'  gaits  '*  etc.  removed,  the  new 
horn  was  found  to  be  porfeetly  united  with 
the  remainder  of  the  casting,  and  when 
B truck  it  gave  the  clear  sonorous  ring  which 
proves  complete  metallic  oontiuuity. 

The  success,  in  fact,  was  perfect,  and 
somewhat  surprised  both  the  writer,  to  whom 
so  large  an  inst since  was  new,  and  the  marine 
engineer  responsible  for  the  supervision  of 
the  work,  who  would  not  pass  the  casting 
until  he  had  assured  himi^elf  of  the  safety 
of  the  horn  by  striking  it  heavily  with  a 
eledge-haranjer.  This  method  is  capable  of 
being  appliod  not  unfrec|uently  with  similar 
ends  in  view,  and  may  often  save  the  con- 
demnation of  a  casting  and  effect  a  good 
deal  of  economy.  It  can  almost  always  be 
made  eff'cctive,  if  the  methods  be  judicious, 
for  attaching,  as  in  the  above  case,  a  heavy 
piece  to  a  heavy  casting  ;  but  it  is  a  far 
tH.'f-  delicate  and  difficult  task  to  make  sue 
tth  smaller  and  more  delicate  work, 
ire  two  generic  cases  in  which  it  is 
Uenipt  it. 


I 


One  of  these  ir 
sions,  or  both,  of 
precisely  the  same 
as,  for  example,  i 
the  rim  or  in  oo- 
spur  or  head  gear- 
great  difliculty  in 
casting  together  3 
the  wheel  would 
setting  of  the 
its  cooling,  or  i 
form  and  **  trut 

Again,  if  the 
great,  and  it  is  bi: 
lar  or  not*  that  re 
metal,  which  mus' 
the  remainder,  th 
pLished  unless  at  o 
process  worthless  ^ 
must  be  broughtfl 
great  expenditiifl 
face  injury  to  it  b 
will  prove  imperi 
fate  which  has  alws 
to  restore  def© 
hydraulic  prcs 
has  little  doul 
coke-fed  furna 
ering  from  a  an 
of  flame  like  tli 
be  so  used  as  I 
point — and  but] 
any  mass  of  ca 
to  admit  of 
witnessed  sufficie 
method  taken 
appeared  in  i\ 
cranked  inter 
engines,  at  the 
before  Mr.  Ma 
The  neck  of  tb 
diam.,  was  roug 
fimnd  and  cut  int 
the  angle  of  the 
the  arm  or  side  ol 
ing  could  be  mon 
and  the  condemn] 
and  serious  loss, 
foreman  blacksD 
trial  to  save 
coke-fed  giant  I 
and  drove  its 
cavit^s  having 
iron  of  the  rest 
save  it  from  oxij 

In  about  fiv< 
the  cavity  at  a] 
ing  heat.     A 
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l^ed— A8  to  fonn — to  rather  more  than 
ity  had  been  got  ready,  and  at  the  right 
Bent  was  bronght,  in  a  forge-fire,  to  a 
dinir  heat  also ;  and  the  blowpipe  blast 

a  thrown  off,  the  welding  hot  plug,  pre- 
by  a  dust  of  sand  and  borax  glass, 
I  tluuBt  against  the  cavity,  and  a  single 
IT  of  a  *'  tup,'*  beforehand  properly  swung 
dy,  Bufficed  to  firmly  weld  it  into  place. 
»  snperflaity,  when  cold,  was  chipped  off, 
the  taming  of  the  neck  completed, 
eh.  the  writer  witnessed ;  and  he  can  tes« 
that  it  was  not  possible  upon  the  clean 

surface  then  to  discern  where  was  the 
r  iron,  and  where  the  surrounding  old  of 
ori|^nal  forging.  The  work  reflected 
6tk  credit  upon  the  skill  of  those  who  cou- 
rted it,  and  in  that  respect  alone  deserves 
be  recorded.  The  method  of  heating, 
re^er,  is  quite  as  applicable  to  cast  as  to 
inghl^iron. 

Che  marine-engine  framing  above  referred 
iras  treated  about  1833.  In  the  *'  Annales 
i  Mines  "  for  1860,  M.  Mengy  gives  a  cir- 
nstantial  account  of  the  same  method 
ring  been  applied  about  the  same  date  at 
I  :Taniaris  Iron  Works,  Departeroent  of 
aia,  to  buming-on  the  broken-off  necks 

the  iron  rolls  of  the  rolling  mill,  and 
kb  complete  success.  Dr.  Percy  (^*  Metal- 
rgj^**  p.  745)  states  that  he  has  seen  a 
U  thus  repaired  at  the  Millwall  Iron 
orksy  and  that  the  method  has  been  in 
eaaional  use  elsewhere. 
I>r.  Percy  also  gives  an  interesting 
connt  of  the  Chinese  method  of  mending 

stopping  holes  in  their  very  thin  cast-iron 
Be  bowls  or  boilers,  when  broken  through 
ese  brittle  vessels,  by  means  of  a  plug  of 
Mty  oast-iron  adroitly  applied  by  the  native 
tinker.'*  He  cleanses  the  edges  of  the 
>le,  melts  a  sufficient  large  bit  of  cast-iron 
I  a  small  crucible,  in  a  little  charcoal  fur- 
ice,  tilts  the  liquid  iron  out  upon  a  folded 
amp  cloth  spread  with  ashes  and  held  hol- 
rw  in  the  hand,  and  at  the  moment  before 
le  cast-iron  assumes  the  pasty  state  just 
sfore  **  setting,'*  he  thrusts  it  up  to  the 
atside  of  the  hole  and  through  it,  and 
noothes  the  overplus  at  the  inside  with 
nother  like  cloth ;  so  that  he  has  thus  made 

sort  of  irregular  rivet  of  the  semi-liquid 
laterial.  There  is  here,  however,  no 
letallic  union.  The  case  is  precisely  ana- 
>goiis  to  the  manipulation  by  which  the 
lamber  makes  a  **  wiped  joint,"  applying 
he  semi-liquid  plumbers'  solder,  held  in  the 
loUow   of   his   '' tickenfelt,"    rapidly  and 


adroitly  to  and  around,  the  shaved  and 
tallowed  surface  of  the  adjacent  ends  of  the 
lead  pipe  to  be  united ;  and  equally  analo-* 
gous  to  the  way  that  holes  in  earthenware 
vessels  are  sometimes  mended  in  this  coun- 
try, by  a  semi-liquid  rivet  of  fusible  metal 
quickly  pushed  through  and  smoothed  over 
on  both  sides.  It  is  not  impossible  but  that 
more  extended  uses  of  this  same  method  and 
of  the  analogous  properties  of  east-iron, 
though  at  its  much  higher  temperature, 
might  be  found  if  looked  after. 

Where  a  mere  cavernous  defect  exists  in 
castings  which  injures  appearance  only,  and 
which  may  be  filled  up  level  as  sufficient 
remedy,  cast-iron  is  very  often  dropped  into 
the  hole  and  the  surface  instantly  scraped 
or  cut  off  level  by  shoving  an  iron  straight- 
edged  scraper  across  the  mouth  of  the  now 
filled-up  hole.  This,  however,  is  seldom 
a  very  neat  method  of  repair,  and  some 
iron-founders  adopt,  for  the  filling  material 
an  alloy  which  is  almost  identical  in  color 
with  the  dark  surface  of  freshly-made  cast- 
ings, but  is  much  more  fusible  than  cast- 
iron. 

This  alloy  is  said  to  be  best -composed  as 
follows : 

Antimony     65 

Copper         16 

Lead  18  by  weight. 

Some  prefer — 

Antimony     69 

Copper         16 

Tin  2 

Lead  18  by  weight. 

The  copper,  tin  and  antimony  are  melted 
together  first,  and  the  lead  then  added. 

Where,  for  such  operations  as  are  above 
referred  to,  defective  or  other  parts  of  cast- 
ings, more  particularly  of  large  size,  require 
to  be  cut  off,  if  there  be  suitable  appliances 
at  hand,  they  are  much  more  easily  removed 
at  a  cherry-red  heat  by  means  of  a  rapidly 
rotating  circular  saw,  as  in  cutting  off  the 
ends  of  rolled  iron  rails,  than  by  cutting 
away  with  machine  tools  or  by  hand,  cold. 
Indeed,  in  many  ways  besides  this,  cast- 
iron  is  an  extremely  tractable  material 
at  a  low  or  cherry-red  heat.  Thus,  for 
example,  at  that  temperature,  castings 
which  have  been  molded  flat  may,  if  need 
be,  be  curved  by  bending  over  a  saddle  of 
suitable  form  and  to  almost  any  extent. 

Or  curved  pieces,  buckled  in  the  cooling, 
may  be  forced  back  flat,  or  the  curvature  of 
pieces,  which  have  too  much  departed  from 
that  of  the  model,  by  contraction  in  cooling, 
may  have   their  curvature   corrected,  etc. 
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The  writer  once  cast  &  great  number  of  very 
tlan  perforated  flooring  platen  fur  n  bridge, 
which  were  required  to  be  ourved  into  arch 
plates*  They  were  cast  cjuite  flat,  which, 
owiDg  to  peeuliarilies  of  form  and  perfora- 
tion, was  found  the  best  plan  to  secure 
soundness^  and  then  curved  by  bending  over 
a  saddle  of  baked  fire-clay;  for  the  saddle 
must  not  be  of  good  conducting  in  liter  ial,  or 
the  easting  get^  chilled  and  po^ssihly  broken. 


BLACKFR1AR8  New  Bridoe. — When  one 
of  average  iinagiiiatioa,  diiitant  foreign 
travel^  and  general  reading,  sits  down  to 
write  about  the  last  important  bridge  that 
has  been  built  in  this  country,  be  cannot 
avoid  a  d  ream -like  glimpse  at  bridges  every- 
where ;  the  natural  bridges  of  South  Aueri- 
ca,  with  earth([iiake8  for  their  engmeers, 
ci)n tractors,  and  workmen ;  the  many  thou- 
sands of  primitive  bridges  in  China/formed 
of  huge  slabs  of  stone,  brought  in  many 
eases  from  immense  distances  by  human 
labor ;  the  numerous  interesting  bridges  in 
France,  Germany,  Switzerland,  and  other 
parts  of  the  continent  of  Europe,  not  to 
Bpeak  of  the  triumphs  of  this  generation's 
engineers  in  overootuing  almost  all  conceiva- 
ble kinds  of  difficulty  In  bridge  construction 
that  could  be  presented  by  climate,  materials, 
eituation,  or  other  cireunistances  in  every 
quarter  of  the  globe,  »  *  ♦ 

Blackfrlars  bridge  is  altogether  formed  of 
w rough t-ir on  «o  far  as  the  main  structure  is 
concerned — the  embellishments  only  being 
of  east  metal  Preparatory  to  tlie  actual 
eummemsement  of  this  important  undertak- 
ing, the  erection  of  a  temporary  wooden 
substitute,  as  well  as  the  demolition  of  the 
old  bridge  were  necessary,  Tlie  first  piles 
for  the  requisite  gantry — one-third  of  which 
b  now  removed — were  driven  in,  June,  1K<>4. 
As  it  is  generally  considered  in  the  Lonrlon 
district  that  the  London  clay  must  be  reach- 
ed to  obtain  a  sure  foundation  for  large 
buildings,  this  course  was  here  tbllowed,  in- 
volving three  or  four  mouths  of  incessant 
daily  and  nightly  anxiety  and  labor — ^on  ac- 
count of  the  tithis.  For*  oar  part,  however, 
we  coincide  with  the  opinion  of  some  eminent 
practical  euginoers,  that  there  is  no  absolute 
necessity  for  going  down  to  this  clay,  and 
that  consequently,  in  doing  so,  much  need- 
hm  ex[R*nditure  of  time  and  money  ia  incur- 
red. The  bridge  consi^ts  of  five  arches, 
namely,  two  of  155  ft.  span  each,  two  of 
175  ft.,  and  one  of  185  ft.     The  height  of 


rise  in  the  center  arch  t»  IT  fu, 
others  1()  ft.  and  1*2  ft.  retfifkecthiilj, 
of    regularly-framed    c  pij 

driven  down  to  support 
quired)  which  doubtless   &ik\^4  iiv 
tor    much    expense    both    is 
demolition.     The  rib^  were  tkai 
to  the  soffit  of  the    arch  ;  ihcnt 
slacks  are  now   reuioved,  so  tkM 
restf^  on  its  own  skew-bmcks,  mm 
can  be  taken  away  nt  oDce.      MalWt' 
buckled  plates*  which,  as  luo^l  ot 
or«  know,  are  made  of  aUittt  J*aL 
iron  placed  heated  over  m  moald 
ed  by  hydraulic  precis ure  into  Clifl 
groined  arch,  are  bolted  to  the  road' 
era  by  |-in.  rivets,    and   form  aa 
strong  platform.     On    tbi«  u  pot 
thick  of  asphalt€  ;   over   fhi'^  ft! 
ditiun  to  and  improvcnt 
lice — a  layer  of  broken  md 

from  0  in.  to  12   In.  id  thiekofisM,  b 
and  lastly,  on  top  of  all*  iii  frr^nlt^ 
as  ordinarily  laid  on  roads. 
of  Ihe  bridge  is  1.272  ft,  ;   it^  -.,..„. 
ing  the  roadway  of  45  ft.  and  twa 
of  15  ft.  each,  i»  75  ft.     The  snAmi 
in  40.     There  are  eig^ht  polished  rr4 
columns,  between  which  there  are 
3  ft.   9  in.   in  height.      Over  e^h 
there  are  recesses  in  which  there 
capable  of  resting    ten    or   «   d'fl 
pedestrians.     A  handi^otf 
be  placed  along  each  p;i 
from  the  kerb— a  pUn    i 
other  of  the  Thtunes  bri  idl 

be  so  arranged   a.<§  to  (n  he 

tion  after  dark.     The  bai        -  are 

tian-Gothic  in  design.      They   wore 
fully  east  by  Measr^ ,  !  J-  *  -  J    ^'-  - « - r ,  aai  C« 
at  their  works  in  W*  iTtjcd^f* 

and  will  form  an  ek-^;iin  ^  ii^r-iTurni  U  I 
broad  York  stone  pavoiueau  TbU.  wilb  ik 
Thames  Embankment,  which  will  meel  tk 
bridge  at  the  north  abntirji nt  ua  the 


.  wdl  firr 
the  City.  ^ 


level,  will  form   a  prom* 

doubt,  the  ghost  of  fV. 

his  "  walk    down    Fl 

will  prove  a  source  " 

to  the  pimt-up  deuijtens  of 

ed  from  ihc   river,  either 

descending  the   stream. 

will  present  a  fine  ap|»ca.  „. 

of  course  eventually  be  tbc 

istic  groups  of  suituary  *^- 

ment  piers,  capitals  ou  t' 

columns,    representattoDs    rt    Mca-nu^^ 


plants   on  the  east,  and  uf  ih«lr  ftttk  fii^ 


ricfittWv_w 
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pCotypea  on  the  west  facades,  finished  by 
!•  flkj  line  of  the  chaste  parapet,  relieved 
k  gAtervab  bj  the  handsome  lamps. 
Xhe  ooet  of  the  erection  and  maintenance 
'Slaekfriars  Bridge  will  be  defrayed  from 
m  fimds  of  the  Bridge  House  Estates,  the 
raniHe  of  which  is  some  £40,000  per  an- 
BB,  and  to  which  £21,000  will  fall  in,  in  a 
■pie  of  years,  from  terminable  annuities, 
i'  wrkieh  money  was  advanced  by  Govem- 
BBt  for  the  building  London  Bridge. — 
im  JEmgineer. 


IE    GREAT  BRONZE  FOUNDRIES  OF 
FRANCE. 

Vrooa  **  The  PraotioAl  Meehanio's  Journal." 

Tlie  casting  in  bronze,  as  the  chief  amongst 
fweiml  metals  or  alloys  by  which  the  artist 
la  endurably  entrust  the  conceptions  of 
10  iaiagination  to  a  remote  futurity,  mounts 
I  an  art  to  the  very  earliest  yet  known 
ngkMMM  of  our  race.  China,  India,  Babylon, 
igypt,  Greece,  Rome,  the  middle  ages  of 
mr  jBarope,  the  Renaissance,  and  our  own 
ay  oontribute  their  monuments  or  testimo- 
lea  of  this.  And  yet,  in  some  senses,  the 
rt  has  never  spread,  or  become  a  diffused 
r  universal  one ;  at  this  moment  there  is 
oally  but  one  great  bronze-casting  nation  in 
ka   world — France. 

England  has  not  been  absolutely  without 
tiempt  to  establish  bronze- foundries  of 
rorks  of  art ;  but  while  we  have  dozens  of 
mass-foundries  existing  chiefly  as  integral 
Mtfts  of  our  great  engineering  establish- 
nentSv  in  which  heavy  and  light  bronze  or 
Mrass  castings,  for  parts  of  machinery  etc., 
ire  msde  in  great  perfection,  there  really 
Ices  not  exist,  we  believe,  in  Great  Britain 
a  single  bronze-foundry  devoted  solely  to  the 
ipeciality  of  fine-art  castings. 

Nor  are  we  likely  soon  to  see  such,  for  a 
great  foundry  of  Bronzes,  as  objects  of  high 
art,  demands  the  combination  of  two  classes 
of  industrial  ability,  only  one  of  which  we, 
ss  a  nation,  can  command  from  amongst 
ovuTAelves.  We  must  obtain  the  respective 
manoal  skill  of  the  moulder  and  founder, 
and,  in  addition,  the  hand  and  eye  and 
genioB  of  the  modeler  and  the  metal-chaser ; 
and  we  may  add,  above  all,  that  generally 
adTsneed  and  educated  standard  of  taste 
SBODgst  our  people,  more  especially  of  the 
wealthier  classes,  to  appreciate  and  reward 
their  combined  efforts.  This  combination, 
of  distinet  but  closely  allied  and  mutually 
Vol.  I— No.  9.-55. 


helping  talents  and  powers,  can  never  be 
broken  up  and  yet  success  await  the  issue. 

It  is  for  this  reason  that,  while  we  have 
had  Bramahs  (the  younger),  Robinsons,  and 
Cottams  etc.,  spasmodically  attempting  the 
art,  and  indeed  making  very  fair  castings — 
merely  viewed  as  such — and  have  had  (to 
say  nothing  of  divers  '*  men  in  brass  jackets  ") 
colossal  lions,  moulded  by  a  painter  and  cast 
by  a  marble  sculptor,  we  have  never  yet 
produced  a  first-rate  croup  in  bronze ;  nor 
ever  established  artistic  bronze-casting  as  a 
fine-art  industry  amongst  us.  The  Bramaha 
and  Cottams  etc.,  were  mere  moulders, 
brass-founders ;  the  Marochettis,  whatever 
they  may  have  been  as  sculptors,  were  trading 
speculators  in  casting  statuary;  an  art  of 
the  refinements  and  details  of  which  they 
personally  knew  nothing,  and  for  the  execu- 
tion of  which,  in  their  pompously  styled 
ateliersy  they  were  dependent  upon  the  hire- 
ling skill  of  workmen,  who  well  knew  the 
practical  ignorance  of  their  employers. 

Prussia  and  Austria — especially  the  for- 
mer— have  been  a  good  deal  more  success- 
full  ;  and  almost  wholly  because  they  could 
command  the  poetry  of  art,  and  bring  it  into 
the  foundry,  which  we  cannot  do.  And  per- 
haps there  is  no  single  modem  monument  of 
fine-art  bronze-casting  in  Europe  or  in  the 
world,  at  present,  of  nobler  conception  and 
execution  than  the  grand  equestrian  statue 
of  Frederick  the  Great,  with  its  surround- 
ing figures  and  colossal  base,  on  the  Linden 
at  Berlin. 

Russia,  too,  has  had  her  long-descended 
line  of  first  cousins  to  bronze-founding  in 
the  men  who  cast  the  gigantic  bells  of  the 
Kremlin,  and  her  huge  old  bronze  guns ; 
and  their  descendants  have  produced  some 
very  noble  statue-castings,  such  as  the 
Colossus  of  Peter  the  Great,  and  a  good 
many  very  finely-cast  statues  of  smaller  size, 
such  as  the  horses  and  horse-tamers  pre- 
sented to  Ferdinand  of  Naples  by  the  late 
Emperor  of  Russia,  which  are  over  the 
piers  of  entrance  to  the  Palace  garden  at 
Naples. 

But  all  these  have  been  spasmodic  efforts, 
sporadic  results ;  in  France  alone  has  artis- 
tic bronze-casting  taken  firm  root,  not  as  an 
appanage  of  despotic  extravagance,  but  as  a 
noble  and  genuine  branch  of  industry.  It 
would  almost  seem  as  if  this  Roman  art 
had  descended  to  the  French,  as  certainly 
the  lineal  successors  in  many  respects  of 
Rome,  and  the  people  over  the  face  of  whose 
country  Rome    spread    more  widely    and 
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cboicely  the  education  and  the  solid  monu- 
ments of  lier  civilization,  than  ovt^r  any 
other  area  in  Euro[je.  This,  hnwcver,  would 
be  l»ut  a  fancy  :  I  lie  expanttitkU  and  succei^w 
of  fii.e-art  bronsce  manufacture  in  France, 
and,  par  excdlttict,  in  Paris,  has  really  been 
due  to  tbe  art-loving  genius  artd  imprt^^sion- 
able  imagination  of  her  peo[>le,  lo  their  art- 
education,  long  continued  and  well  uudcr- 
stoud  by  those  who  have  conducted  it  in 
BUCcossive  decades  ;  and  to  the  patience  and 
habUtte  of  her  workn»eu,  t>npported  and 
empowered  by  the  genuine  knowledge  and 
metallurgic  science  of  those  who  lead  them* 

On  the  whole,  brass  and  bronxe-founding 
is  much  more  of  a  ^speciality  in  France,  in 
all  its  departments,  than  it  has  (hitherto  at 
least)  ever  been  in  England,  We  do  not 
make  any  reference  now  to  Government 
foundries,  8ucb  as  the  bronze  gun-foundries 
of  France  or  of  England. 

There  are,  however,  in  France,  great 
establishments- — such  as  those  of  M.  Yoruz, 
at  Nantes— engaged  wholly  in  bronze  and 
brass -founding,  and  with  special  depart- 
ments for  artillery,  for  easting  for  mechani- 
cal purposes,  and  for  statues  and  other 
objects  of  architecture  and  of  art ;  all 
beings  though  of  course  with  the  usual  fluc- 
tuations of  trade,  kept  ckmstantly  at  work. 
We  are  igni»rant  of  a  single  like  establish- 
ment in  Great  Britain,  Paria  is,  however, 
the  great  head-4^|uartcrs  of  fine-art  brass  and 
bronze-casting,  and  practically  supplies  the 
world  with  its  productions. 

We  view,  as  out  of  this  trade  altogether, 
the  very  numerous,  and,  in  a  trade-sense, 
important  brass-foundries  of  Birmingham 
and  its  neighborhood,  engaged  upon  small 
objects  for  house  or  doniestie  or  other  use, 
and  which  profess  to  have  more  or  less  of 
ornamentation,  but  certainly  have  but  small 
pretensions  to  art,  in  any  wortliy  sense. 
Nor  do  we  refer  lo  Japanese  bromee  and 
brass  work,  further  than  just  to  remark, 
that  while  objects  of  considerable ^  some  of 
great,  antiquity  brought  thence  formerly  by 
the  Dutch,  and  more  recently  by  ourselves 
and  other  European  nations,  prove  tliat  at 
some  anterior  epoch,  artistic  bronze  manu- 
facture had  reached  a  very  noble  perfection, 
and  great  peculiarity  and  often  beauty  of 
treatment  in  design,  more  modern  eiamples 
equally  prove  that  the  art  has  greatly 
deteriorated  amongst  that  wonderful  people, 
or  that  we  now  receive  from  them  none  of 
tlieir  best  ex  an  j  pies  of  art. 
No  English  person  who  has  been  a  day  in 


Paris  can  liave  failed  to  be  dtni^  ' 
profusion  of  bronzes  in  iht^  ^obltt  i 
i  the  buildings  puVdi-  %tA\ 

I  shop  windows.     Bi  .   »», 

great  indusfTy  there.      Tht^fe  are 
not  less  than  three  hundred  lioosei  ( 
in   the   trade   iu  one  wajr  or  oikrr; 
these  there  are  no  more*  than  perlia|tt 
fifty  who  are  actual  niaoufactarerj,  uA 
these    again    not    more   tkau   about  V 
who  stand  iu  the  first   rank,  of  abililj 
eminence,  either  as  conducting  •imM 
more   special    branches   of    tbe 
hrnvx^art^H    trade,    or    the    whole   of 
But   although    thus    the   fiui^hc^  ob)ttb 
the  Parisian  bronzc-fouodcr  arrtal  tW 
and  glitter  before  ua  at  every  9i«|>  «p(i 
Jinulevarda  or  in   the    PiJais'Uoyal^ 
nothing  is  known  cf^rirrnllv,  nor  cfi 
technical  or  mc^  1^ 

Pari^,  of  the  *  utut^ 

beautiful  and  cosily  objects  issue,  crt"  ^ 
apparatus  and  methoda  by  which  iWjr 
produced.  They  are,  in  fact,  MAJedt 
shut  against  all  intrutiergi,  and  fofi 
good  and  sufficient  reason*,  whleL 
admit  of  being  regarde*d  aa  t!  -  - 
of  narrowness,  timidity,  or 
only  we  need  mention.  Th' 
in  each  of  several  elapses,  .-|  rrjaJi 
sense  the  most  absolute,  and  French 
ers  have  found  I  hat  unworthy  and 
pulous  means  to  detach  thci!ie  nieti 
them  elsewhere,  have  beeu  but  too 
practiced  by  those  to  whom  the  grapr 
entree  may  have  been  accorded, 

We  have  heard,  though  w«  do  sol 
intend  to  suggest,  that,  in  thiet  way, 
bronze-casting  in  Belgium  aud  tn  GeriBt^ 
has  been  very  much  advanet^d  by  thi  ' 
duct  ion  of  French  artisan*. 

In   Italy  most  of  the   worWnMii,  I 
establishments   as   that  of  Siptior  Clii 
Papi,  which    produced    the 
statue,  that  of  the  David  of  3 
in  18G7  at  Paris,  arc  nativ.  -  .   j   ,    ., 
this  is  not  the  case  iu  rMi>-(u,    in 
Russia. 

So  far  as  wo  are  aware,  no  tiurmiare 
which  trealB  in  a  detailed  or 
of  the  methods  and  apparatus  of 
art    bronze-foundry.     We    t^hall   fim 
whatever  where  we  might  hav     — - 
viz:     in    the    voluniea   of    1> 
French  Imperial  Commiaeion  ^i   ir^^ 
bition  of  1867,  or,  indeed,  in  the  r^\ 
any  preceding  one.     The  rri 
on   claims   22   (Vol.   Ill,   vi 
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ports)  was  M.  Barbadienne,  the  man  who 
rliaps,  above  all  others,  cmdd  have  given 
m  complete  and  invaluable  treatise  upon 
D  technicalities  of  this  manufacture,  in 
lieh  he  has  so  long  and  so  conspicuously  led 
B  advance.  We  look  for  any  such  details 
T»iii ;  not  that  we  imagine  M.  Barbedicnne 
t  the  slightest  desire  or  ground  for 
taeence,  but  that  the  space  assigned  him  in 
Bse  Tolumes  as  a  reporter  was  far  too 
itrieted  to  admit  of  his  dealing  with  more 
^n  mere  generalities  ;  indeed,  the  whole 
O  pages  of  Vol.  Ill  might  prove  less 
an  enough  to  enable,  one  at  once  so  skilled 
e^ery  detail,  aesthetic  and  technical  and 
enthuBiastic,  to  pour  forth  the  treasures 
his  knowledge  upon  this  speciality,  in 
lioh  he  so  admittedly  leads. 
Where  no  literature  exists,  therefore,  a 
etch  may  be  accepted  as  a  not  unwelcome 
itallment.  Such  we  are  enabled  to  give, 
e  ^writer  having  been  recently  accorded  by 
•  Barbediennc  himself  the  unusual  ind 
eoial  favor  of  the  unreserved  examination 
his  noble  foundry  and  manufactory  at 
aria. 

There  are,  no  doubt,  half-a-dozen  fine-art 
^onae-foundries  in  or  about  Paris,  the  des- 
iption  of  any  one  of  which  would  prove 
teresting.  That,  however,  of  M.  Barbe- 
enne  stands  amongst  these  facile  prt?tceps, 
id  indeed  is  not  one,  but,  so  to  say,  a  con- 
sries  of  special  manufactures.  The  works 
re  aitaated  in  the  Rue  de  Lancry,  at  not  a 
Bry  great  distance  from  the  well-known 
show  shop  *'  of  bronzes,  as  our  homely 
hrane  is,  No.  30  Boulevard  Poissonniere. 
t  is,  however,  happily  placed,  though  still 
pon  the  edge  of  that  quarter  of  fashion 
raffic,  and  pleasure,  also  upon  the  border 
f  that  wonderful  north-east  quarter  of 
^aris,  which,  like  our  own  north-east  of 
i^ondon,  is  the  seat  of  so  many  of  its  myriad 
nduBtries,  and  which,  as  respects  the  French 
capital,  is  a  terra  incognita  to  ninety-nine 
mt  of  the  hundred  Englishmen  who  visit 
that  city,  or  even  reside  in  its  fashionable 
quarters. 

Entericg  from  the  street,  w^  pass  through 
a  range  of  offices,  waiting-rooln^<,  packing- 
rooms  and  stores,  an^i  find  ourselves  crossing 
a  yard,  and  at  once  in  the  large  bronze- 
foondry. 

The  establishment  comprises,  in  fact,  the 
folloiring  departments  if  we  may  not  almost 
tall  them  distinct  manufactories : 

1.  The  bronze  foun  iry  and  \u  accessories. 

2.  The  chasing-shop — galerie  des  ciseleurs. 


3.  The  shops  for  the  production  of  models, 
and  for  the  completion  of  a  large  number 
of  these  in  the  permanent  material  bronze. 

4.  The  marble  work ;  a  complete  estab- 
lishment for  the  working,  both  by  machine 
tools  and  by  the  sculptor's  hand,  of  all  sorts 
of  marbles,  onyxes,  and  other  fine  and  hard 
minerals. 

5.  The  shops  foi  mounting  of  Garcel 
lamps  and  other  objects  of  artistic  bronze 
work  in  combination  with  porcelain,  glass, 
etc. 

6.  The  enameling  shops,  in  which  that 
peculiar  form  of  '*  enmvx  cloissonnes  "  which, 
dating  from  Byzantine  art  originally,  had 
been  lost  to  practice  for  ages  in  Europe, 
though  always  employed  in  China  and  Japan, 
and  were  revived  in  France  by  M.  Legost, 
io  1855,  and  greatly  extended  by  M.  Barbe- 
dicnne. 

7.  The  "  atelier,'^  in  which  the  delicate 
and  beautiful  machinery  of  M.  Collas  is 
worked  for  the  automatic  reduction  or 
enlargement  of  solid  forms. 

This  machinery  is  constantly  employed  in 
the  production  of  new  models  for  bronzes, 
etc.,  whether  figures  or  bas-reliefs,  etc.,  and 
of  every  size.  It  constitutes,  as  M.  Barbe- 
dicnne has  himself  affirmed,  the  right-hand 
of  the  bronzist,  enabling  him  not  only  to 
reproduce  the  forms  of  ancient  art  with 
rigid  exactitude,  but  to  copy  them  equally  so 
to  any  scale,  and  at  an  extremely  small  cost. 
Were  it  not  for  this  machine-tool,  it  would 
be  impossible,  at  any  reasonable  prices,  for 
M.  Barbedicnne  to  quote  in  his  catalogue 
sometimes  as  many  as  eight  different  sizes 
for  the  same  reproduced  antique  statue,  and 
to  have  at  command  five  or  six  sizes  in 
bronze  of  nearly  all  the  celebrated  statues, 
ancient  or  modern,  which  enchant  the 
world. 

j      M.  Collas'  machinery  gained  him,  and  we 

I  believe   very  justly,    the   grand   medal   of 

honor   at    Paris,  in  1855.     Its  rudiments, 

j  however,  are  very  ancient,  and  to  be  found 

i  in  many  an  old  book  on  turning ;  and  in 

I  reality  we  believe  there  is  little  doubt  but 

■that  all  which   M.  Collas  has  effected  was 

I  done,  and  thoroughly  well  done,  by  Chever- 

;  ton  in  London  as  early,  perhaps,  as  1830 ; 

as  those  who  have  seen,  or  are  happy  enough 

to  possess,  specimens  of  his  matchless  repr- 

ductions  to  a  reduced  size,  in  ivory,  of  the 

antique  bust   of    Clytie,   must   be    aware. 

Cheverton,  however,  worked  his  machine  in 

secret  in  his  chamber,  and  would  not  divulge 

its  details,  and  we  believe  died  without  hay- 
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ing  ever  fully  and  publicly  claimed  to  have 
been  its  perfcctor* 

What  degree  of  similarity  there  may  be 
between  both  we  cannot  say,  but  all  macbines 
of  this  class  in  reality  depend  upon  the  uj*e 
(more  or  less  implicated,  of  course)  of  a  lever, 
the  ratio  of  whose  anna  is  variably  at  will, 
one  end  of  which  carricR  a  dumb  point  wVuch 
traverses,  in  closely  and  etmally  adjacent 
parallel  lines,  over  the  contour  to  be  copied  ; 
while  the  other  end,  guided  by  that,  carrier 
the  revolving  or  other  cutting  tool  whioh 
removes  the  brute  matter  from  the  mass,  to 
be  formed  into  the  reduced,  or  equal,  or 
enlarged  copy,  and  can  remove  no  more.* 

8.  Besides  all  these  there  are  **  mounting 
Bhops,**  where  the  bronze  pieces  are  con- 
nected, either  with  precious  marbles  or 
Btones,  or  by  *^  menumers-ebefrntes  ^*  with 
fine  cabinet  work. 

Subsidiary  to  all  these  there  iB  a  grand 
gallery  or  store,  for  porcelains,  Indian, 
Japanese,  French,  English,  etc.,  to  be 
employed  for  divers  ornamental  ends  in  com- 
bination, and  a  whole  tribe  of  small  shops 
for  tlie  preparation  and  repair  of  tools, 
etc.,  etc.  We  need  scarcely  say  amongst 
these  are  *' drawing  shops/'  artists*  studio."^, 
in  fact,  where  the  imaginative  brain  labor 
that  inaugurates  much  that  follows,  is  in 
full  play  on  the  part  of  architectural  and 
sculptural  draughtsmen,  and  other  artistic 
^'coQperateurs'^  of  the  establishment. 

Let  us  return  to  the  foundry  and  its 
adjuncts,  of  which  we  can  describe  much  to 
interest  our  readers,  without  any  breach  of 
the  confidence  reposed  in  us,  as  visitors  to 
these  famous  works. 

The  foundry  is  a  very  large  rectangular 
brick  Building,  whoec  sides  arc  about  twice 
the  breadth.  It  is  lighted  by  ample  sky- 
lights in  the  roof,  and  we  at  once  notice  the 
perfect  cleanness  of  the  walls  and  roof,  and 
the  nice  clear  pearl-white  with  which  the 
brick  of  the  former  is  colored,  so  as  to 
afford  the  best  light  without  distress  to  the 
eye.  There  are  no  piles  of  rubbish  about, 
neither  spare-boxes,  nor  unused  models;  all 
is  orderly,  a  picture  of  neatness. 

The  floor,  with  the  exception  of  some 
gangways,  is  of  loamy  sand,  and  ready  an 
heaps  beside  each  moulder. 

The  greatest  proportion  of  the  work  being 

small,  or  very  small,  so  the  whole  (nearly) 

of  the  moulding  work  ia  done  on  benches. 

These  occupy   a  large   proportion  of  the 

whole  area,  and  are  arranged  transversely  to 

*  BlttAeh»rd  ]iith«. 


the  length  of  the  building  in  panlltl  i 
with  an  axial  gangway  pa8»iiig  n^lt~ 
and  dividing  thena  aloug  the  oenkc* 
bench  is  double,  i.  e.  two  bexiebo  i 
sets  of  moulders   face  each  otiucr  i 
Each  bench  varies  in  width  fnna  1|| 
haps  5  feet ;  and  the  mid-line  of  i 
between  the  opposite   benebe«  of 
double  bench  is  oocapied  bj  a  raiftKl 
with  a  low  table  or  shelf  on  tofk  tobsUl 

By  far  the  greater  potion  of  Ibt  ^ 
moulded  '*  in  dry  sand/*  th^  1*7^9 1 
being  in  true  **  loam  work*"  but  " 
sand  '*  moalding  for  email,  plma^  tr 
portant  objects  b  alBo  largelj  puaimL  | 

At  one  Bide  of  the  **  $alh ''  »  llfet   ' 
where    the   sand    19    prepared, 
damped.     The    saod    employed   b  of  * 
qualities,  one  being  of  a  dc4*p  lm»»ft  < 
and  very  loamy  ;  the  other  of  a  ffty 
yellowish-white,  with  more  yellow 
parseim.     Both    are   obtaioed  at 
des  Roses,  not  far  from  Parta  to  tW  1 
west*     The    two  sorts  are  mixfd,  ftni,| 
interstratefying  them  in  allemat*  ^y^\ 
heaps,    the   relative   tbick&ei«ef 
partly  on  the  class  of  work  the  aaait  ti  1 
prepared  for. 

These   zebra*8triped    heaps  arc  (hciK 
down    with  the   shovel,  and   the  wbok  i 
between   a  pair  of  very  dne  ael  buri 
cast-iron  rollers.     The  aand  is  Anally,  1 
being   damped  to  the   right  degrte^i' 
and   so    handed    over    to    the    nta. 
**chasns**  or  monlding-box6»  are  all  of  1 
iron,  very  carefully  titted  together,  and  1 
well-planed  edges.      We  did  not  nee  aiii^ 
wood-box*  (so  common  even  now  tn  fieiUM 
brass-foundries),  nor  any  niakcskt^  d  anj 
other  sort  about  the  establtshmeoi. 

Wood  patterns  or  modeU  also  are  1 
employed,  except  for  objects  to  be 
in  the  lathe.  The  models  are  tikie^  < 
bronxe,  carefully  chiseled  orcbiMdofUi 
given  a  dull  browmsh«grey  w>rt  of  •*  patiaif' 
which  seems  to  enable  them  la  part  IMP 
the  sand  with  very  great  oleanBeai,  PliiW 
casts,  fusible  melalf  waz«  and  efeft  oofiiM* 
ally  porcelain  or  glasa  come  into  fhj  « 
models  also.  AH  the  bench  moiildiif*v«k 
is  of  a  character  demanding  greats 
terity,  and  pationce.  The  latter  1 
well  as  steadinesa  of  hand  and  per 
vision,  find  their  greate&tt  deinattd  with  A? 
moulders  who  are  engaged  in  caaliof  ^tsje^ 
which  are  to  form  the  basiii  for  tli  <' 
opaqtiu  €t  chisontiks. 

Ev.  y,  M.sMag. 


h  ola»f 
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Ottr  remdera  generally  are,  no  doubt, 
■ilisr  with  the  character  of  these  from 
umg  the  like  objects  exhibited  in  Chinese 
d  Japanese  collections.  The  design, 
rajra  of  a  stiff  and  conventionaliied 
armoter,  b  outlined,  as  it  were,  and  its 
itinot  portions  divided  by  very  thin  wails 

brooxe,  mere  lines  almost,  which  rise 
aare  ap  from  the  general  surface  of  con- 
%r  of  the  object,  and  to  a  height  equal  to 
»  depth  of  the  intended  coat  of  enamel, 
lieh  L9  very  thin,  not  more  even  than  a 
Uimeter,  seldom  more  than  half  as  much. 
lua,  in  fact,  the  enamel  when  baked  in,  is 
Id  fixed  in  so  many  shallow  bronzc-sur- 
inded  cells,  the  dividing  and  adjoining 
gea  of  which  are  polished  off  bright,  at 
»  aame  time  that  the  enamel  is  ground  off 
m  uniform  surface.  This  little  digression 
ij  aerve  sufficiently  to  explain  the  nature 
mtmaux  claissonnes ;   and  into  the  details 

the  <MmpositioDS  of  the  enamels  them- 
Lwea,  and  how  applied  and  completed,  we 

not  here  purpose  entering. 
It  will  thus  be  seen  that  the  very  utmost 
iportance  attaches  to  casting  these  little 
msonSj  or   cells,   perfect;    any  morsal   of 
onae  improperly  filling  a  portion,  however 

Sht,  when  cast,  has  to  be  cut  out  by  hand, 
at  some  risk  of  damaging  the  thin  low 
ill  of  the  cloiion  itself. 
It  ia  almost  painful  to  watch  the  lynx* 
red  patience  with  which  the  moulder  of 
10  of  these  objects — say,  a  huge  vase  of 
iree  feet  in  hight,  covered  all  over  with 
loosands  of  these  cells — finishes  each,  with 
linnte  almost  microscopic  hand  tools,  after 
e  has** drawn"  the  bronze  pattern.  The 
alue  of  this  is  represented  mainly  by  the 
loney  consumed  in  payment  for  the  design, 
lie  original  wax  and  plaster  model,  and  the 
mating  and  hand-finishing  of  this  workable 
•ronie  pattern ;  such  patterns  are  laid  aside 
n  onBbions,  and  kept  covered  carefully. 

We  shall  not  devote  space  to  describing 
he  considerable  system  in  operation  for  the 
irgaaisation,  registration,  preservation, 
leaasing,  and  return  into  store,  of  the 
annmerable  patterns.  The  law  of  copy- 
igfat,  which  in  France  is  far  more  protective 
lad  precise  than  it  is  with  us,  has  greatly 
elieved  such  men  as  Barbedienne  of  one  of 
heir  anxieties,  viz:  that  of  having  their 
leaign  stolen,  or  their  models  bou>(ht  for 
Mktterns  by  others ;  still,  the  chefs  d'asuvre 
ire  guarded  with  care. 

The  facing  sand  of  the  moulds,  whether 
I17  or  green,  is  prepared  with  a  mixture  of 


charcoal  dust  and  of  potato  starch,  or  of 
wheaten  flour  of  the  very  finest  grinding. 
In  the  preparation  of  these  each  moulder 
takes  his  own  way,  and  there  appears  to  be 
as  much  whim  and  variation  here,  as  amongst 
iron-moulders.  Sand  cores,  amply  hollowed 
for  air,  are  employed  for  alj  hollow  objects, 
not  of  large  size  or  not  cast  in  loam ;  for 
the  latter,  the  cores  are  also  of  loam.  In 
statue-casting  it  is  deemed  of  high  import- 
ance to  the  final  perfection  of  form  when 
cast,  that  the  thickness  of  the  casting  should 
be  perfectly  uniform.  This  arises  chiefly 
from  the  great  contraction  in  cooling  (from 
1  to  2  per  cent)  of  bronze,  and  the  pro- 
longed state  of  plasticity  through  which  it 
passes  between  the  liquid  and  solid  states. 
Hence,  if  there  be  thick  parts  as  well  as 
thin,  the  latter  solidify  so  completely  before 
the  former  that  the  thick  parts  get  more  or 
less  distorted.  The  distortion  may  be  utterly 
invisible  to  the  undisciplined  eye,  but  that 
of  the  artist-workman  here  readily  detects 
and  finds  fault  with  a  change  of  form  in  the 
muscles  of  a  **  Discobolus  "  or  a  **  gladiator^** 
or  in  the  voluptuous  roundiog  of  the  limbs 
of  a  Ventis  accroupie^^  or  '*de  Milo^*^  which 
the  world  at  large  cannot  discern. 

The  contraction  of  cooling  is  found  to 
augment  in  ratio,  with  the  size  of  the  object 
cast,  being  greatest  in  large  statues.  For 
all  these  reasons,  the  utmost  care  and  some 
very  refined,  though  simple,  methods  are 
employed  to  ensure  that  **  the  core  '*  shall 
bo  in  form  precisely  similar  to  the  exterior 
of  the  statue  or  figure,  and  that  it  shall  be 
placed  and  fixed  in  the  mould  with  rigid 
concentricity.  It  is  the  opinion  of  M.  Bar- 
bedienne, which  he  has  expressed  in  his 
Jury  Report  (Class  22)  of  1867,  that  wheaten 
flour  is  not  so  eood  a  facing  material  as 
charcoal  dust ;  but  he  deems  that  much 
remains  to  be  learnt  as  to  the  best  material 
for  facing  bronze  sand-moulds,  and  hesitates 
not  to  say  that  no  moulder  now-a-days  suc- 
ceeds in  attaining  an  equally  fine  and  uni* 
form  granulation  of  surface  as  was  habit- 
ually produced  by  some  of  the  great  bronse- 
founders  of  older  days,  such  as  Kichard, 
the  Ecks,  Durand,  and  the  brothers  Keller, 
who  cast  so  much  for  Louis  XIV. 

It  is  also  worthy  of  memory  how  fully  M. 
Barbedienne  insists  upon  the  primary  import- 
ance of  perfection  in  the  moulding  and 
casting.  Most  persons  would  say  that  an 
object  which  was  to  pass  into  the  hands  of 
the  **  chaser,**  or  ciseleur,  might  be  oast  as 
rough  as  we  please,  and  yet  all  its  faults  be 


chiseling  and  dressing,  and  to  complete 
finish. 

•This  seems  to  have  been  true  in  some 
cases  at  least,  if  not  in  general.  The 
exquisite  bronze  statuette  of  the  young  man. 
found  about  five  years  since  at  Pompeii, 
which  has  been  called,  though  on  no  sufficient 
evidence,  *'tho  Listening  Hunter,"  and 
which  is  undoubtedly  one  of  the  finest  repro- 
ductions in  the  world,  to  reduced  scale,  of 
the  youthful  male  form,  as  well  as  several 
of  the  great  relievo  castings  of  mediaeval 
Italy,  in  gates  and  well  ('^pozzi  '*)  curbings, 
are  cases  in  point. 

But  to  return  ;  at  the  end  of  the  foundry, 
furthest  from  the  entrance,  are  the  furnaces, 
the  stove  for  drying  the  moulds  and  cores, 
of  which  we  need  say  nothing  but  that  it  is 
heated  by  the  waste  furnace-heat,  and  a 
large  wrought-iron  jib  crane  for  pitting  and 
anpitting  boxes  in  which  large  objects  are 
oast. 

The  bronze  for  all  moderate-sized  objects, 
say  up  to  250  kilos.,  is  melted  in  clay  cru- 
cibles, which  are  made  in  the  neighborhood 
of  Paris,  and  hold  about  30  kilos,  each. 
These  are  not  extremely  refractory,^  but 
stand  three  or  four  meltings. 

There  are  eight  crucible  furnaces,  in  form 
yery  muoh  that  of  the  ordinary  brass  fur- 
nace, but  differing  from  usual  practice,  in 
England  at  least,  in  that  they  are  not  wind 
furnaces,  but  are  fed  with  blast,  from  a 
small  fan  (about  20  in,  diam.),  driven  by  a 
strap  from  the  engine  of  the  ^^maihrerie;  " 


mould  never  could  be  dried  ' 
uniformity ;  and  even  when  dr] 
long  in  the  pit  while  being  gol 
it  imbibed  moisture  anew,  a; 
many  **  mis-casts  "  of  old.  Und 
head  of  liquid  bronze,  too,  the 
of  the  pit  sometimes  proved  sol 
tive,  so  that  here  or  there  the 
mould  partially  bulged,  and  th< 
either  lost  or  damaged. 

All  M.  Barbadienne's  stati 
objects  are  cast  therefore  in  cai 
or  boxes,  so  that  the  pit  is  whi 
ders  call  a  **  naked  pit,"  ».  e.  i 
up  is  practiced. 

A  **  pool "  or  reservoir  of  sai 
coal  facing,  is  employed  for  all 
ings,  into  which  the  contents  of 
are  **  teemed,"  or  into  which  th 
is  tapped.  When  the  full  quant 
is  in  the  pool,  an  iron  conical 
had  been  inserted  into  and  stop] 
"gait"  or  "cou/ec,"  is  drawn 
metal  enters  the  mould. 

It  passes  off  (as  overplus) 
heads,"  as  in  cast-iron  mouldinj 
gas  is  fired  "  at  these,  by  a  Ugh 
the  same  way.  From  the  low  ^ 
of  the  liquid  bronze,  however,  i 
with  cast-iron,  but  a  small  volai 
evolved  from  either  moulds  or  c 

The  head  of  surplus  preasni 
is  always  very  small,  for  fear  of 
a  practice  exactly  the  reverse 
bronze-gun  founding,  where  the 

rti»   **  viainfv   HAO/I   "    to   /\^A««    vtAAwl 
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^ij  Im  said. 
I^it   Prassia 


We  must  remember,  however, 
Prassia   b  returning  to  Rronze  rifled 
tftld^gans,  and  that  our  new  rifled  Indian 
Vttllerj  is  ttho  to  be  of  bronze. 

Tke  metals  employed  by  M.  Barbedienne 
br  his  bronse  are  very  pure  *'  tile  pitch  " 
0pper,  and  English  or  Straits  tin,  also  of 
Ast  quality.  The  copper  is  usually  South 
LflAerican,  again  melted  in  France,  purified 
w  **  liquation,"  and  run  into  small  pigs  of 
boat  the  size  and  form  of  ours  known  as 
Best  selected  copper." 
A.  proportion  of  bronze  from  **  gaits  and 
unners  "  is  usually  added,  but  the  compo- 
ttioa  of  this  is  quam  prox.  already  known 
wl  constant,  and  its  material  is  unadulter- 
ted,  so  no  mischief  can  arise.  No  old 
taterial^  whether  copper,  bronze  or  brass  is 
rer  employed  ;  and  the  directeur  du  travail ^ 
rho  so  intelligently  and  politely  showed  us 
omid  the  works,  and  explained  their 
lethods  with  the  lucid  brevitj^  so  character- 
•tic  of  the  higher  contre-maitre  of  France, 
ixpressed  his  opinion  that  it  was  impossible 
(Ter  to  cast  a  first-rate  statue  or  relief, 
specially  of  large  size,  from  old  bronze  guns, 
KT  other  old  material  of  variable  composition. 
3e  instanced  many  proofs  of  this;  and, 
indonbtedly,  the  porous  bad  cabtings  of  the 
reliefs  of  the  Napoleon  Column  in  the  Place 
T'enddme,  of  the  statue  of  Desaix,  etc.,  at 
Paris,  and  of  our  own  Trafalgar  Square 
lions  seem  to  sustain  this  view. 

That  bronze  ornamentation  is  not  more 
videlj  diffused  in  £urope  generally,  and 
that  it  is  so  prevalent  in  France,  arises  from 
two  main  causes.  Fiscal  or  custom-house 
regnlation  of  absurd  severity  in  the  case  of 
all  the  European  nations ;  and  an  the  part 
ot  the  Inited  States,  and  as  respects  our- 
leWes,  want  of  diffused  good  taste  or  pcr- 
eeption  of  beauty  in  form,  either  in  the 
interior  or  exterior  of  our  public  or  our 
private  buildings  or  national  monuments. 

For  100  kilos,  of  bronze,  on  entering  the 
frontiers  of  each  of  the  following  nations, 
the  duties  are  thus  : 

Bronze.         Bronze  gilded. 

Bnssia 877  fVancs        470  fVuncs. 

Austria 260      •'  250      " 

Spain 166      "  166      " 

France 20      "  100      " 

li$Xj 17.17"  100      " 

Switzerland 16      "  100      " 

Pnwtta 18.10"  112.60" 

la  United  States  860  francs  on  1,000  francs  valac. 
Belgium  100    "  " 

Holland  60    "  " 

England  and  Portugal  alone  admit  bron- 
MS  free. 


The  bizarrerie  of  these  figures  forms  a 
curious  commentary  on  the  wisdom  of 
finance  ministers  everywhere. 

We  must,  however,  reserve  to  a  future 
article  some  further  remarks  upon  these 
works  for  bronze,  and  upon  ornamental  zinc 
and  iron  castings,  which  follow  humbly  in 
its  steps. 


SEA-GOUJG  TURRET-SHIPS. 

From  <<  The  Pfftotioal  Meohanio's  Journal." 

The  completion,  at  Chatham,  of  the  Mon- 
arch  affords  a  fitting  opportunity  for  a  few 
remarks  on  sea-going  turret-ships.  It  is 
well  known  that  the  earlier  turret-ships  of 
our  navy — the  Royal  Sovereign  and  Prince 
Albert — are  really  coast-defense  ships,  since 
they  have  only  a  minimum  of  sail-power, 
and  are  so  badly  supplied  with  coal  as  to 
limit  very  narrowly  their  steaming  capabil- 
ity ;  for  coast  and  harbor  defense  they  will, 
however,  prove  useful,  should  their  services 
ever  be  required.  Besides  these,  we  have 
in  our  navy  the  far-famed  Scorpion  and 
Wivern,  built  by  Messrs.  Laird  during  the 
American  war,  and  purchased  by  the  Gov- 
ernment  after  they  had  been  for  some  time 
in  the  custody  of  the  authorities  on  suspicion 
of  being  intended  for  the  Confederates. 
Perhaps  no  vessels  have  ever  attained  a 
reputation  more  disproportionate  to  their 
real  powers  of  offense  and  defense  than 
these  two  ships  ;  for,  although  thinly  ar- 
mored and  but  weakly  armed,  they  have 
been  frequently  described  as  most  formida- 
ble vessels.  We  do  not,  however,  propose 
to  discuss  the  merits  or  demerits  of  those 
ships,  but  simply  to  add  respecting  them 
that,  although  intended  to  keep  the  sea,  and 
therefore  provided  with  a  moderate  amount 
of  sail,  they  have  proved  very  inferior  sea- 
boats,  the  VVivem  having  particularly  dis- 
tinguished herself  by  excessive  rolling.  The 
advocates  of  the  turret  system  have  always 
argued  that  the  bad  performance  of  these 
ships  was  in  a  great  measure  the  result  of 
their  moderate  size  (they  being  of  less  than 
1,900  tons  burden),  and  have  urged  the  de- 
sirability of  bringing  the  turret  system  into 
competition  with  the  broadside  system  in 
ships  which,  in  point  of  size,  could  compare 
with  our  armored  frigates ;  this  trial  will  be 
rendered  possible  very  shortly,  when  the 
Captain  and  Monarch  are  complete  for  sea. 
It  would,  of  course,  be  folly  to  predict  e](- 
actly   what  results  will  be  obtained;  qqq 
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things  however,  seems  oerUiDi  viz  :  tliat,  as 
sea-boata,  both  of  these  vessels  will  prove  far 
auperior  to  any  existing  turret-ships ;  and 
there  is  every  probability  that  the  Monarch, 
if  not  the  Captain  also,  will  prove  as  efficient 
under  sail  as  our  broadside  iron-clads. 

Alihotigh  classed  together  as  sea«going 
turret-ships,  there  are  some  very  great  dif- 
ferences between  the  Captain  and  the  Mon- 
arch. The  former,  we  need  hardly  say,  is 
supposed  to  be  the  fullest  expression  of 
Captain  Coles'  ideas  respecting  ships  of  the 
class;  the  latter  was  designed  in  the  Con* 
troller*s  Department  at  the  Admiinlty,  and 
must,  therefore,  be  regarded  as  the  repre- 
sentative ship  of  the  type  of  which  the 
naval  oncers,  then  at  the  head  of  our  navy, 
most  approved,  and  which  the  professional 
officers  did  their  best  to  perfect.  Looked 
at  by  an  unprofessional  spectator,  the  Mon- 
arch presents  no  special  feature;  she  has 
the  lofty  sides  and  upper  deck  of  a  broad- 
side ship,  and  is  rigged  m  the  usual  manner. 
In  fact,  in  all  respects  except  the  turrets, 
and  some  special  arrangements  of  flying  or 
hurricane  deck  for  carrying  boats,  conse- 
quent upon  the  turret  armament,  the  Mon- 
arch closely  resembles  the  broadside  ships 
which  immediately  preceded  her*  What 
would  be  the  central  battery  on  the  main 
deck — if  she  were  a  broadside  ship — is  the 
space  in  which  the  turret-beds  are  built ; 
and  there  are,  of  course,  no  port- holes  in  the 
side  armor.  On  this  central  space  or  bat- 
tery the  armor  rises  to  the  height  of  the 
upper  deck,  about  14  ft.  above  the  water ; 
before  and  abaft  it  there  is  an  armor  bclt» 
extending  throughout  the  length,  and  reach- 
ing from  about  5  ft.  below  the  water-line  up 
to  a  nearly  equal  distance  above  it.  In* 
stead  of  this,  the  Captain  has  her  upper 
deck  only  8  ft.  above  water,  and  throughout 
the  length  the  armor  reaches  from  a  few 
Inches  below  this  deck  down  to  about  5  ft. 
below  water.  8he  has  a  poop  and  forecastle 
above  the  upper  deck,  and  a  flying  deck  ex- 
tends along  the  length  between,  this  light 
deck  being  comparatively  narrow,  and  being 
intended,  unlike  that  of  the  Monarch,  for 
working  the  sails.  The  Captain  has  trijiod 
masts.  Her  turrets  pass  down  through  the 
upper  deck,  and  the  beds  are  built  upon  the 
deck  below;  the  guns  are,  therefore,  only 
about  9  or  10  ft  above  water,  while  in  the 
Monarch  they  are  15  or  16  feet.  This  is, 
doubtless  an  advantage  of  considerable  im- 
portance in  a  ship  Uke  the  Monarch,  intend- 
ed to  fight  in  a  seaway,  since  she  could  use 


her  turretogutts  when  the  Captain  ^ 
powerless  ;  but  this  advantage  basi 
chased  at  a  considerable  eoei.     ¥mi  i 
the  Monarch  is  8U0  tons  burdeti  i 
the  Captain,  although  she  ooly  rarnM| 
the  same  weight  of  turrets  aed  gui| 
Captain,  and  has  armor  of  the  Malic  ^ 
ness  ;  the  different  disposition  of  the  I 
in  the  Monarch  requiring  a  miirk 
weight  of  armor  than  the  CaptainV  ij 
would  require,  and  the  lofty  sidcn,  ««f  et 
adding   to  the   weight    of  hull.     Th^ 
Monarch,  being  a  larger  ship,  ha*  a  j 
weight    of    equipment,    heavier 
powerful  engines,   and  a  greater  wd|kt 
coal    than    the    Captain,    all    of  whyk, 
course,  must  be  regarded   as  ike  rta^i 
the  difference  of  types.     The  side  amor  4 
the  ships  is  nearly  all  7-in.;  the  Cap 
a  little  8*in.  in  wake  of  the  turreta,  Ot  i 
turrets  the  armor  is   8*iii.  and  lO-in., 
greater  thickness  being  used  near  iht  [ 
The  turrets,  of  which  there  are  iwe  ii  < 
ship,  will  each  carry  tw<^  .oiitl 

ingfJOO-lbs.  shot.  Be&id*  heMe 

has  three  6 J-ton  guns,  two  uf  which  arc  m  if^ 
armored  bow-battery,  and   lh<  ihiri  ib  m_ 
armored  stem-battery  ;   the  Captata  I 
6J-ton   guns,   carried   nnprotecCtd 
poop  and  forcastle. 

In  conclusion,  wc  would  remark  thai  i 
turret  system  is  at  a  great  d»df 
when  applied  in  a  full-ringed  swNgtrag  i 
like  the  ^fonareh  or  the  Captata^  By  me%m 
of  poops,  forecastles,  stays,  shrooda,  tnpdi, 
or  other  obstructions,  it  b#eofii4«  impomle 
to  fire  the  turret  gun*i  in  vi  lir«w 

tions,  and  hence  the  chief  tsj-  tuf* 

ret  system — analUround  or  nearl}  *ii^niDd 
Ere — is  forfeited.  Direct  fire,  eitbf  r  aIji-**! 
or  astern,  both  of  which  are  most  impf^fUni, 
is  entirely  out  of  the  power  of  ikv  tant-t 
guns  of  both  ships;  the  Monarch,  bf  pf^ti 
of  the  bow  and  stem  batieri--  »•  *t^n<  op 
for  this  failure  to  some   ex  t^e 

Captain  is  the  most  tmsatie^ismtj  *a  for 
recent  ships,  in  so  far  as  what  are  ttrmd 
*'arcs  of  impunity^'  are  aoneanwd*  It 
fact,  no  greater  contrast  betw^ea  Aifs  cut 
exist  than  that  between  the  Captaia,  mUA 
has  no  power  of  firing  witkin,  lay,  U*rf 
the  line  of  keel  either  ahead  or  astern,  fto 
her  turrets,  and  the  hroadstde  sbifa  «t  lk« 
Invincible  class,  which,  ^m  anaoie^  h<^ 
teries  amidships,  can  command  an  all  iwod 
fire.  In  this  most  important  rtfpttfl  i^ 
broadside-ships  have  completely  < 
the  turret-ships. 
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CHDRCH'S  EQlIILraWUM  SLIDE  VAL\^ 
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1q  tlic  course  of  our  accouoL  of  the  Con» 
versa^ione  recently  held  at  the  Inst  Hut  ion 
of  Civil  Engineers,  we  mentioned  a  pair  of 
eqoilibnnni  islide-valves,  designed  by  Mr. 
W,  C.  Church,  and  which  were  exhibited 
on  that  occasion.  In  fulfillment  of  a  prom  be 
then  raade,  we  now  publif^h  engravingB  of 
Mr.  Church's  arrangement,  which  will  ex» 
plain  it  fully.  The  particular  pair  of  valves 
shown,  on  the  occasion  above  referred  to, 
had  been  taken  for  exhibition  from  a  loco- 
motive on  the  Great  Northern  Railway,  on 
which  liiiL*  they  had  run  up  to  the  time  of 
their  removal  740  miles;  and  this  trial, 
although  not  a  long  one,  ga?e  very  promiB- 
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lug  results.  The  valves  Uave,  we  believe. 
Bince  been  replaced  iu  the  engine  to  wblch 
they  belong,  in  order  that  they  may  under- 
go a  more  extensive  trials  and  that  the  sav- 
ing of  fuel,  which  is  obtained  by  their  use, 
may  be  accurately  ascertained ;  and  we 
hope  in  due  time  to  lay  the  full  particalars 
of  this  trial  before  our  readers.  In  the 
meantime  we  may  remark  that  Mr.  Church's 
equilibrium  glide-valves,  althoagh  at  first 
hight  apparently  rather  complicated,  are  in 
reality  of  simple  construction.  There  are 
but  few  parts  about  them,  and  the  pieces 
are  all  of  such  forms  that  they  can  be  fin- 
iahed  in  a  lathe,  scarcely  any  hand  labor 
being  required  to  fit  them  together*  The 
whole  of  the  details,  moreover,  bear  evi- 
dence of  having  been  carefully  considered, 
as  the  description  of  the  arrangements  which 
we  shall  now  proceed  to  give  will  show. 

Referring  to  our  engravings,  fig.  1  is  a 
back  elevation  of  one  of  the  slide-valves  we 
bave  mentioned,  this  valve  being  construct- 
ed for  two  caps  or  rings,  I)  D»  of  which  the 
object  will  be  explained  presently.  In  the 
figure  one  cap  is  shown  in  its  proper  posi- 
tion, and  the  other  removed,  showing  a 
quarter  ot  the  junk  ring.  Fig»  2  ig  a  ver- 
tical section  through  the  steam  chest,  and 
fig.  3  is  a  section  at  right  angles  to  fig.  2. 
Fig.  4  represents,  detached,  the  division 
plate,  with  the  pipes  for  currying  off  any 
leakage  of  steam  between  the  backs  of  the 
valves  and  the  insides  of  the  caps.  Fig.  5 
represents  the  metallic  packing-ring  detach* 
ed.  In  these  figures,  A  A  are  the  steam- 
ports,  B  the  division-plate,  C  C  the  slide- 
valves,  D  D  the  caps  or  rings  applied  to  the 
back  of  the  slide-valves,  E  K  the  junk 
rings,  F  F  the  metallic  packing  rings  for 
keeping  the  caps,  D  D,  steam  tight. 

In  considering  the  action  of  Mr.  Church*s 
valves,  it  must  be  understood  that  the  ob- 
ject of  the  oaps  is  to  prevent  the  steam  in 
the  steam -chest  from  acting  on  those  parts 
of  the  bayk  of  the  valve  which  are  enclosed 
within  the  caps*,  or,  more  strictly  speaking, 
those  areas  which  are  represented  as  en- 
closed by  the  lines  of  contact  between  the 
caps,  D  I>,  and  the  metallic  packing  rings, 
F  F,  It  will  be  seen  from  the  section  of 
the  cap  (figs,  2  and  3),  that  the  latter  is  of 
a  conical  form,  both  internally  and  extern- 
ally, the  object  of  this  form,  internally, 
being  to  enable  the  metallic  packing  ring, 
F,  to  act  as  an  expanding  ring,  in  order  to 
press  the  cap  up  to  the  division-plate,  B, 
when  the  steam  is  shut  off  from  the  steam- 


chest.    The  circular  grove,  G,  and  IM  b 
G\  in  each  cap,  I>«  and  the  bolts,  l^\ii 
junk  ring,  K  (seen   best  in  fig.  1^  i 
tended  to  carry  off  all  steam  that 
between  the  surface  of  the  cap,  D«  i 
division-plate,    B    (or  t^ecood  Talf«, 
case  may  be),  at  a  part  of  the  ca^  Uitl  \ 
prevent  the  oecurreuee  of  %  prtttan  U 1 
move  the  cap,  D,  from  oflT  it« 

It  will  be  seen  that  wben  the 
the  steam-chest,  the  cap,  B,  is  pp 
against  its  bearing  face  by  tbc  ittam  i 
on  an  annular  area,  the  width  of  ^  "' 
equal  to  the  difference  in  diameter  I 
the  metallic  packing  ring,  F,  anil  iU 
D.  The  caps,  D  D,  are  free  ta  mtm 
a  fixed  center,  at  a  point,  H,  so  as  u>  < 
pensate  for  unequal  wear  of  the  valfBi  i 
the  cap  face,  or  for  one  side  of  tW  fiht  i 
lift  in  case  of  the  engine  priming.  Hii  k 
a  feature  in  Mr.  Church's  arraitMtft 
which  is  worthy  of  special  nut  ice.  Th«  ■»- 
tallic  packing  ring,  F,  is  aUo  arrBii|e^  m 
such  a  manner  as  to  be  >  ( trii,ni»^i 

dating  itself  to  the  vui  itimict^r 

of  the   cap   or  valve*      The  mJ  riof  !•§• 
arranged  that  the  t^team  presaes  it  hodi  md^ 
wards   against   the    cap,    D, 
against  the  junk  ring,  E. 

The  metallic  packing  ring,  F,  if  also  i 
conical  on  its  outer  oirciin^f-^rf'^'^-  foi 
reasons:  first,  in  order  to  r«*i 
superficial  contact  between  h 
D,  and,  secondly,  in  ordcir  i- 
a  larger  area  to  act  upon  at  uiu  L'oUf 
the  ring;  so  that  no  amount  of  leaiaftlB 
the  top  of  the  latter  shall  be  Me  Ut  pbtt 
it  in  equilibrium,  and  thri^  d«**troj  ids  f^ 
quired  action.     The    h>  ^^f^  ^ 

pipes,    J  and  J\    in    c*  .   with  lk 

division-plate,  B,  are  intended  foe  earryiif 
off  any  steam  that  may  accumnlate  hi  tW 
cap,  D,  The  pipes,  J\  are  in  eoaiDiak^ 
tion  with  the  atmosphere,  and  ar<f  fbmtiM 
with  cocks,  so  that  in  the  event  of  aoj  le* 
cident  occurring  to  the  caps,  D  D,  ih 
can  be  closed ;  the  effect  of  which 
merely  to  alter  the  action  or  eooil 
working  of  the  valves,  and  reduce  then  I 
valves  of  the  old  const  me  tioa,  a  grvtt  ] 
tical  convenience. 

The  division-plate,  B,  if  adjusted  ifi  ] 
tion  as  required  at    tbu    back   end 
steam-chest,    by   means   of  set 
shown   in  fig.   2,  and  at  the  frntit 
means  of  two  brackets  fixed  ia  tlit  ( 
chest  lid,  so  that  whoQ  the  8l«am^ekMl  1 
is  removed,  tbe  r^ves  can  be  withdrawn 
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tke  tiBaftl  wftj  without  disturbing  the  dtTi* 
don- plate.  Another  mode  of  fixing  the 
llTbion-plate  is  to  slid^  it  into  a  groove 
provided  for  it  in  the  top  and  bottom  of  the 
iteam-ebest.  We  abould  also  mention  that 
[q  one  armngenient  of  bis  valves,  Mr* 
Dhmreh  employs  no  diTisioa-plate  at  all,  but 
lets  aoe  valve  work  on  the  back  of  the  other, 
md  he  at  the  aame  time  arranges  the  steam 
porta  BO  that  the  passages  leading  to  the 
sjlinders  are  much  shortened.  The  adop- 
tion of  thia  plan,  whloh  possesses  several 
good  points,  of  which  we  may  epeak  more 
fMy  on  another  occasion,  of  course  renders 
fecial  ojlinders  necessarj, 

Mr.  Church  gives  the  following  rule  as 
tlial  which  be  employs  to  determine  the  area 
df  the  cap  or  caps  to  be  applied  to  the  back 
&f  the  valves. 

"  That  portion  of  a  slide-valve  which  does 
not  leave  the  face  of  the  ports  at  the  end  of 
tbe  stroke,  less  the  area  of  the  steam  ports, 
represents  the  area  on  the  back  of  the  valve, 
upon  which  there  is  a  constant  pressure, 
wrjing  only  with  the  pressure  of  steam  in 
the  boiler.  And  as  it  b  the  object  of  tbes^e 
improvements  to  remove  this  pressure,  it 
becomes  desirable  to  point  out  the  following 
rule  for  determining  the  area  of  the  back  of 
an  J  slide-valve^  from  which  the  said  pres- 
sore  may  be  removed,  by  the  application 
at  a  eap  or  caps,  as  hereinbefore  described. 
Let  A  equal  the  area  of  that  part  of  the 
valve  that  leaves  the  face  a^  the  end  of  the 
stroke ;  C  the  total  area  of  the  steam  ports  j 
D  the  area  of  the  annular  cap  or  caps,  for 
removing  the  pressure  from  the  back  of  the 
ralve.  Than  the  formula  will  stand  as  fol- 
low! : 

A  — (B  +  C)  =  D. 

*'  To  take  an  example — ^Let  a  slide-valve 
be  iupposed  measuring  11 1  in.  by  19  iu. 
The  total  area  of  the  hack  of  this  valve 
would  be  equal  to  213  J5  sq.  in.  The  area 
of  that  part  of  the  valve  which  leaves  the 
port  faces  at  the  end  of  the  stroke  may  he 
fcakeu  in  this  ease  as  equal  to  4SJ5  sq.  in. 
The  total  area  of  the  two  steam  porta  is 
Mual  to  49.50  sq.  in.  Then  213.75— (4^- 
75 -|_ 49,50)=  120M  sq.  in.;  which  shows 
the  area  of  the  cap  or  caps  to  he  applied  to 
lite  backs  of  the  valves,  or,  more  strictly, 
(be  area  to  be  contained  within  the  circle 
dcioribed  by  the  line  of  contact  between 
the  cap  or  caps  and  the  elastic  metallic 
picking  riog." 


WHO  INVENTED  THE  STEAMBOAT! 

Fiam.  tba  "  AmsHoaa  Anlfan.*' 

The  question  of  who  invented  the  steam- 
boat could  be  correctly  answered  only  by 
enumerating  several  projectors  whose  efforts 
suce ceded  each  other  during  a  period  of 
three-fourths  of  a  cetituiy.  The  propulsion 
of  boats  by  paddle-wheels  is  said,  indeed^ 
to  date  back  to  the  time  of  the  Romans,  but 
precisely  in  what  way  they  applied  the 
power  is  not  known.  As  long  ago  as  1682, 
Prince  Rupert,  the  courtly  mechanician  of 
the  heyday  of  the  Stuarts,  propelled  his 
barge  in  this  way.  In  1726,  one  Dr.  Allen 
printed  a  pamphlet  in  London,  in  which  he 
proposed  to  urge  a  t  esse  I  forward  by  a  jet 
of  air  or  water  ejected  from  a  pipe  at  the 
stern.  He  thought  that  hy  using  steam 
power  be  could  make  three  miles  an  hour  iu 
this  way.  In  1737,  Jonathan  Hulls  pub- 
lished his  invention,  which  may  ho  consider- 
ed the  archetype  of  the  modern  steamboat. 
It  had  a  paddle-wheel  arranged  at  the  stern, 
and  worked  by  a  steam-engine ;  hut  instead 
of  the  crank,  the  application  of  which  to 
the  steam-engine  had  not  then  been  invent- 
ed, Hulls  employed  a  complicated  set  of 
devices  for  giving  motion  to  the  wheeL 
After  this  there  was  little  or  nothing  sug- 
gested in  the  line  of  steam  propulsion  until 
1782,  when  the  Marquis  de  Jeoffroy  tried  a 
steamer  on  the  river  Loire  in  Frauce.  In- 
stead of  a  paddle-wheel,  he  had  the  paddles 
arranged  upon  an  endless  belt  that  traversed 
two  supporting  pulleys,  hut  the  apparatus 
was  not  successful.  Two  years  later,  James 
Rurasey  commenced  experiments  with  a 
boat  80  ft.  long,  in  which  an  engine  worked 
a  vertical  pump  that  drew  iu  water  at  the 
how  and  ejected  it  at  the  stern.  The  re^ 
action  of  the  cffiuent  water  moved  the  ves* 
sel  along  at  the  rate  of  four  miles  an  hour. 
This  seems  to  have  been  a  revival  in  some 
son  of  A  lien  ^B  plan ;  and  substantially  the' 
game  system  has  been  frequently  reinvent- 
ed since,  a  recent  and  notable  example  of 
these  jet-propellers  being  found  in  the  Eng- 
lish vessel,  the  Water  Witch.  In  17^6; 
John  Fitch  made  public  bis  pro]  ect  of  mov- 
ing vessels  against  wind  and  tide  by  fitting 
them  with  vibratory  paddles  worked  hy 
steam-power.  There  were  twelve  paddles, 
Btx  on  each  side  of  the  boat,  one-half  of 
these  on  either  aide  working  alternately 
with  the  other  half  of  the  number.  The 
paddles  were  designed  to  have  a  stroke  of 
&|  ft.,  but  it  docs  not  appear  that  the  plan 
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was  ever  eubjected  to  actual  trial,  Fitcb, 
however^  did  not  rest  content  with  this  plan, 
else  he  would  never  have  been  hetird  of 
afterward,  but  was  also  the  inventor  of  the 
acrew-propeller,  and  also  of  the  combination 
in  one  vessel  of  the  screw  and  side-wheels — 
the  principle  of  propulsion  adopted  in  the 
Great  Eastern*  This  sorow-propeller,  and 
mode  of  using  it  in  connection  with  paddle- 
wheels,  was  shown  bj  experiment,  in  1796  ,  wards  of  $150,000, 
or  1797,  on  the  collect  Pond,  a  sheet  of 
water  that  in  those  days  rippled  where  the 
grim  Egyptian  pile,  the  New  York  City 
•*  Tombs/'  now  stands.  The  vessel  is  de- 
aeribed  as  a  commiin  long-boat,  18  ft,  long 
and  0  ft.  wide,  and  steered  at  the  bow.  The 
ateani-boiler  was  constituted  by  a  twelve- 
gallon  iron  potf  with  a  lid  made  of  a  piece 
of  plank  firmly  fastened  down.  The  engine 
had  two  wooden  cylinders »  and  the  mechan- 
ical appliancqi^  for  working  the  screw  and 
paddle-wheels,  although  rude,  were  arranged 
with  such  effect  that  a  sf»eed  of  six  miles  an 
hour  is  said  to  have  been  obtained.  The 
inventor,  however,  was  too  poor  to  continue 
his  experiments,  and  too  impatient  of  argu- 
ment and  contradiction  to  interest  incredu- 
lous moneyed  men  of  the  day  in  his  enter- 
prise. The  boat,  with  a  part  of  its  ma* 
chincry,  was  drawn  up  and  left  on  the  shore 
of  the  pond,  and  piece  by  piece  this  type  of 
the  future  steam- vessel  fell  to  decay,  and 
the  children  of  the  neighborhood  gathered 
up  its  fratrment^  and  carried  them  home  for 


tathi  of  lis  meanfi  of  propuUion  hin  > 

handed  down.     In  1787,  Mr,  Pa      ' 

ler,   of  Dalswintou,   iti    Seollaiid, 

double  vessel,  moved  li/  a  paddk-nM  I 

the  stern,  and  two  yeiw^   after 

another,  60  ft.  long,  that  went  at  the  i 

fieven  miles  an  hour,  but  proved  %m% 

bear    the    action  of  the  inarhin^rr. 

said  that  these  experiments 

for   whi 

no  return  whatever.      A   doscn  yean 

wards,  William  Symington,  who  kid 

the  steam-engines  for  Miller's  boatij 

Lord  Dundas  to  build   »  Bteam-fe 

towing  craft  on  the  Forth  and  Clyde  < 

This,  the  Charlotte  Dimd&s,  dra^g^d 

two  sloops  of  70  tons  burden  e^ch 

strong  head  wind  at  a  Hpetod  of  ^  buIm  i 

hour.  The  owners  of  the  aattal,  Iwiwcttf,!^ 

fused  to  use  this  me  ana  of  to  wing^  b^cMt*  tf 

the  liability  of  injuring  the  btinkf^  bv  tK#«»> 

dulations  of  the  water — the  t  '  i-  t 

to  this  day  why  steam  ha^i  u-  ..fU,^ 

in  canal  propulsion.    From  this  time  iomi^ 

steam  navigation    began  to  aasuoie  ij 

promising  aspect  and  more  t4kngiblej 

In  1804,  John  Stevens,  of  llobokcn,  T 

had  a  boat  24  ft.  long,  fitted  with  a  [ 

wheel  at  the   stern,    which,  for  ehort  dij 

tances,  made   eight   mil  eat    au   hour    Tk 

greatest    benefit,    howtJver,    eoultirwd 

Stevens  upon  the  engtneering  world  i 

the  invention  of  the  tubular  boik 

ciple  of  construction  that  has  worked  w«* 


kindling- waotl.     A   few  years  later,  Fitch,    ders  in  steam-generators  for  all 


a  broken   und    embittered    old    man,    with 
feeble  health  and  ruined  fortunes,  poisoned 


We    now    come  to  tbr 
Fultim,  a  man  who  possr 


rfforts  id 


himself    with    opium,    and    was    buried    in  j  and  the  faculty  of  mast'       ^,  dctdi  if 

Bardstown,  Ky.     To  this  day  no  monument   whatever  he  undertook,  in  a  no  l«i  difWt 
or  head-stone  marks  his  resting-place,  but   than  inventive  skill*      He  left  Phili 
the   fulfillment   of  his   prupliecies  is  .shown 
wherever  the  steam-wbistle  sounds  over  the 
placid    waters   of   rivers   or    the    turbulent 


Stanhope  concerning  steamboat*— tl 
bleman  being  something  of  an  entho 
the  subject,  and  having  a  plan  of  f 
which  has  come  to  be  ku own  as 
duck  Vfoot   propeller.     This   waa  fiiiipl|  I 

rted  la 
ii«aH,aai 
men  will  sometimes  make,  it  may  be  noted  i  erosed  when   drawn  back  at  the  eai  nt  lk< 


foaming  of  the  sea. 

While  Fitch  and  Rumsey  were  thus  ex- 
perimenting with  steam  propulsion,  others 
were   making  trials    in  the   same  direction, 

with  more  or  less  success.     As  an  illustra-  '  kind  of  folding  oar,  w1 
tion  of  the   blunders  that  even  truly  great   against  the  water  when  ] 


in  1786,  and  went  to   London, 
early  as    1793,  be  communicated  wti 


that  about  the  year  1780,  Dr.  Franklin  prc^- 
posed  to  propel  vessels  by  the  direct  action 
of  steam  upon  the  water,  which  was,  of 
course,  found  to  be  utterly  out  of  the  ques- 
tion. About  the  same  time,  Oliver  Evans 
advocated  the  employment  of  paddle-wheels, 
t?kM*j*^^**^  was  run  for  a  short  time  between 
1  hiladelphia  and  Bordentown,  but  no  do- 


stroke.  After  this  Fulton  went  Ui  FnllC^ 
where  he  brought  before  Napoleon  a  wttfikoi 
for  blowing  up  the  English  ship*;  h§i  «* 
though  he  made  an  apparatus  by  wkkk  W 
was  enabled  to  remain  under  waUf  / 
period  of  4.^  hours,  be  did  not 
single  vessel  of  the  enemy.  IIi« ; 
France,  however,  did  him  iome  £ood«  i 
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that  he  became  acquainted  with 
T  Livingston,  who  furnished  the 

which  he  was  finally  enabled  to 
ans  for  steam  propulsion  into  prac- 
sisted  by  Livingston,  he,  in  1803, 
eriments  on  the  river  Seine  with  a 
leel  boat  60  ft.  long.  The  results 
ivorable  that  it  was  concluded  to 
without  delay,  the  introduction  of 
ligation  on  American  waters.  An 
IB  ordered  from  the  English  work- 
Boulton  &  Watt,  and  was  duly  for- 
o  New  York.     In  1807,  the  Cler- 

launched  on  the  East  Kiver,  and 
Dmmenced  running  on  the  Hudson, 
New  York  .  and  Albany.  Since 
il  the  present  hour,  there  has  not 
ingle  day  when  vessels  have  not 
celled  against  wind  and  tide  by  the 
steam — the  Clermont  having  been, 
e  earliest  practical  steamboat,  at 

first  steam-vessel  to  establish  a 
f    regular  trips  between  different 


ROLLKG 


POUTAN  RAILWAY 
STOCK. 

From  '*  EDgineering.'* 

weeks  ago  there  appeared  in  a  con- 
y*  an  article  on  the  rolling  stock 
}e  on  the  Metropolitan  Railway,  this 
ontaining  what  was  professedly  a 
on  of  the  stock  belonging  to  the 
itan  Railway  Company  proper  with 
loyed  by  other  companies  running 
er  the  Metropolitan  line.  The  de- 
drawn  from  this  comparison  were 
ng,  and  in  some  respects  so  at  vari- 
1  our  own  ideas  on  the  subject,  that 
rmined  to  investigate  the  matter 
md  the  result  has  been  that  we  have, 
icipated,  discovered  in  our  contcmpo- 
ticlc  many  grave  mis-statements  of 
ch,  in  common  fairness  to  those  by 
e  Metropolitan  rolling  stock  was  de- 
lescrve  to  be  exposed.  And  here 
emark  that  although,  in  the  instance 
referred  to,  we  consider  that  the 
tock  of  the  Metropolitan  line  has 
it  unjustly  criticized,  yet  we  are  by 
)  desirous  of  having  it  supposed  that 
der  the  stock,  as  a  whole,  perfection. 
3  engines  we  consider  that  little  or 
can  justly  be  found.  They  are  in 
!cts  thoroughly  well  adapted  to  the 

§e  V.  N.'s  Magasine,  Jalj  page  589. 


exceptional  work  they  have  to  perform ;  their 
construction  is  such  that  their  working  ex- 
penses are  very  moderate ;  and,  as  we  shall 
show  presently,  their  weight  is  in  no  way  ex- 
cessive when  all  the  oiroumstanoes  of  the 
case  are  taken  into  consideration. 

With  the  carriages  the  ease  b  somewhat 
different.  Their  weight  (16  tons  each  empty) 
is  no  doubt  too  great  even  when  the  excellent 
accommodation  they  afford  is  taken  into  con- 
sideration ;  but  in  speaking  of  this  weight 
it  must  be  remembered  that  it  was  incurred 
under  exceptionable  circumstances.  Before 
the  Metropolitan  line  was  opened  were  many 
who  affirmed — and  apparently  with  a  certain 
amount  of  reason — that  it  would  never  be  a 
success.  It  was  asserted  that  the  public 
would  never  **  take  *'  to  an  underground  line ; 
that  they  would  object  to  travel  to  and  fro,  shut 
out  from  the  lieht  of  day  ;  that  it  would  be 
found  impossible  to  keep  the  tunnel  properly 
ventilated,  and  that,  in  fact,  the  whole  affair 
was  a  mistake.  How,  as  a  matter  of  fietct, 
the  public  have  *'  taken  *'  to  the  line  and 
used  it  as  no  line  was  ever  used  before,  is 
well  known ;  but  it  is  not  known,  and 
never  can  be  known,  to  how  great  an  extent 
this  has  been  due  to  the  excellence  of  the 
accommodation  which  Mr.  Fowler's  judgment 
led  him  to  provide.  In  station  appointments 
and  passenger  accommodation  generally  the 
Metropolitan  line  set  an  example  to  the 
whole  of  the  railways  in  the  kingdom ;  and 
the  example  has,  we  are  glad  to  say,  been 
appreciated  and  followed.  At  the  time  the 
Metropolitan  line  was  opened,  the  carriages 
employed  by  all  our  leading  railway  com- 
panies for  metropolitan  or  local  traffic  were 
practically  identical  with  those  used  on  trains 
running  long  distances.  Yet  in  the  former 
case,  where  people  are  continually  entering 
and  leaving  the  carriages,  there  is  a  greater 
necessity  for  ample  height  and  space  between 
the  seats,  and  Mr.  Fowler,  therefore,  had 
constructed  for  the  Metropolitan  line — where 
the  stoppages  occurred  at  exceedingly  short 
intervals — carriages  with  far  greater  head- 
room, and,  indeed,  more  spacious  generally 
than  any  running  at  that  date.  It  was  on 
the  Metropolitan  Railway,  also,  that  the 
public  were  first  indulged  with  the  luxunr  of 
thoroughly  well-lighted  carriages ;  and  it 
was  in  fact  on  this  line  that  the  problem  of 
lighting  railway  carriages  by  gas  was  first 
successfully  worked  out  on  anything  like  an 
extensive  scale.  Of  course  the  extra  ac- 
commodation and  the  addition  of  the  ^- 
holders,  etc.,  all  involved  additional  weight 
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in  tbe  railing  stock  ;  and  it  is,  we  think,  not 
to  be  wondered  at  that  in  first  dctiigning 
carriages  involving  many  novel  points  of 
oonstruction,  thi»  additional  weight  should 
have  been  allowed  to  become  somewhat 
greater  than  it  need  have  been. 

Leaving  generalities  however,  let  us  j?tate 
briefly  the  accusations  against  Mr.  Fowler's 
rolling  stock  contained  in  the  artiele  to  which 
we  have  referred.  As  regards  the  engines, 
it  is  affirmed  that  the  driving  wheels  (the 
diameter  of  which  is  wrongly  stated  as  5  ft. 
6  in.  in.stead  of  5  ft.  9  in.)  are  inexcusably 
large,  and  that  these  large  wheels  led  to  the 
adoption,  as  a  necessity,  of  large  cylinders  ; 
our  contemporary  adding*  **  We  need  not 
stop  to  explain  how  great  an  augmentation  of 
weight  this  entailed."  Further,  it  is  stated 
that,  **  It  was  next  assumed  that  the  curves 
would  be  bad  to  get  round  with  a  six-wheeled 
engine,  therefore  a  bogie  was  introduced 
principally  because  the  engine  was  made  too 
long  to  begin  with.  This  further  increased 
the  weight,  and  so,  finally,  Mr.  Fowler  pro- 
duced the  now  well-known  narrow  gauge 
standard  Metropolitan  engine,  weighing 
nominally  42  tons,  but  in  all  probability  at 
least  45  tons  loaded.  This  monstrous  ma- 
chine is  employed  to  haul  trains  consisting 
of  five  not  less  monstrous  carriages  .  .  . 
The  driving  wheels  are  much  too  large,  the 
machine  too  long,  and,  above  and  beyond 
all,  the  enormous  weight  of  the  nmehine  J 
constitutes  a  grievous  defect,'*  Our  con-i 
temporary  then  goes  on  to  say  that  although  I 
it  has  apparently  brought  grave  accusations  ', 
against  Mr,  Fowler,  yet  that  these  accusa-  i 
tions  have  been  made  much  more  forcibly  by ! 
**  no  fewer  than  three  of  the  largest  and 
most  powerful  railway  companies  in  the  king- 
dom/* these  being  stated  to  be  the  Great 
Northern,  the  Midland,  and  the  Great  West- 
em  companies.  Moreover,  a  detailed  com- 
parisfiu  is  made  between  the  Metropolitan 
and  Great  Western  rolling  stock  ;  but  this 
oomjmrison  we  shall  leave  for  the  present,  and 
ahaU  in  the  first  place  consider  the  state- 
ments concerning  the  Metropolitan  engines, 
which  we  have  reprinted  above. 

To  begin  with,  then,  let  us  consider  the 
assertion — urged  so  strongly  by  our  con- 
temporary— that  the  wheels  of  Mr.  Fowler's 
engines  are  *^  much  too  large.''  Now  of 
course  we  cannot  say  precisely  what  parti* 
onlar  dimension  *♦  much  "  may  denote,  but 
judging  from  the  praise  bestowed  (and  much 
of  it  most  deservedly)  on  the  new  Great  i 
Weetcm  engines,  we  are  inclined  to  believe  \ 


that,  in  this  particiaUr  instance,  tla 
stands  for  9  in.,  the  drivini;  wbeeli  cf  1 
new  Great  Western 
those  of  the  Metrop- 
in  diameter,  it  would  h^  turci^ 
purpose  of  the  preneni  article  to 
all  the  arguments  that  baYe  beet 
for  and  against  large  dHviiig  whe^kil 
sball  therefore  merely  refer  to  Xhft  t«a] 
cipal  ones,  these  being,  Ersl,  tliat  die  1 
the  driving  wheels  the  I&ah  will  vi  t 
the  number  of  revolutions  m&de  in 
a  given  distance,  and  this  greater, 
will  be  the  durability  of  the  tyro  m 
the  wearing  surfaces  of  the  "  molUm  * 
erally ;  and,  secondly^  on  the  oiker 
that  the  larger  the  driving  wheda  tlit  i 
will  be  their  weight,  and  the  gnmtrral 
be  the  size  and  weight  tif  %ht  rjlmiat, 
pistons,  and  their  connexions,  rrtjuiviir  lir 
giving  a  certain  tractive  power.  Oar  «•• 
temporary,  whose  remarks  we  aru  crtstettitt 
has  stated  that  the  *'  much  '^  toolarstalNiA 
and  cylinders  of  Mr.  Fowlcr'a  engnia  Ian 
led  to  a  '*  great  augmentation  of  wn^J' 
but  it  has  deemed  it  unneeesaarj  U  txpba 
how  thb  '^ great  augmentation  **  ia  eaaici 
As  a  fact,  the  two  pairs  of  coupled  wh^tUd 
the  Metropolitan  engines  if  di^freaaed  hmt 
5  ft.  9  in,  to  5  ft.  in  diameter,  wmild  \m  in- 
duced in  weight  but  about  13  twL;  wiiik 
the  corresponding  reduction  which  m^ 
at  the  same  time  be  made  in  thu  fi» 
of  the  cylinders  (the  tractive  power  of  ikt 
engine  being  maintained  the  namc^ 
present)  would  amount  to  aboat  1} 
making  the  * 'great  *'  total  of  14J 
the  saving  under  these  two  heads*  tKe 
with  the  smaller  cylinders  some  nd^Ktm 
might  be  made  in  the  weight  of  the  [ 
piston  rods,  connecting  and  ooupliag.! 
etc. ;  but  this  would  not  amount  to  i 
the  bearing  surfaces  were  maintained  ( 
dimensions  as  to  give  the  same  dar 
is  obtained  with  the  larger  wlw^K] 
question  then  arises  whether  the»#  i 
savings  in  weight  wonid  c'r»m|>en^**^  I 
more  rapid  wear  of 
reduced  size  of  dri\  i 
way  in  which  we  can  answer 
by  referring  to  the  proportt- 
locomotive  practice  o  the  last  lew  y<'an  li* 
shown  to  be  best  suited  for  fn.'t^^  uori 
LralEc  similar  to  that  on  tL 


of  Ik- 

rwt.  iM 


Railway.     In  the  fir»t  pi  ■ 
William  Adams,  of  the 
(an  engineer  wht>  has  proia 
perience   in  working  what 
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Dibos  "  traffic  than  any  locomotive  sup- 
endent  in  the  kingdom),  although  he 
ately  built  some  engines  with  5  ft.  3  in. 
led  wheels,  has  for  many  years  past  cm- 
Hi,  as  his  standard  locomotives,  engines 
ig  coupled  wheels  and  cylinders  of  pre- 
j  the  same  dimensions  as  Mr.  Fowler's  ; 
!  the  Great  Northern,  the  Great  East- 
the  London,  Chatham,  and  Dover,  and 
toath-Eastern  lines  arc  employing  loco- 
res  with  5  ft.  6  in.  coupled  wheels  for 
local  traffc.  A  reference  to  the  best 
ice  therefore  shows  that  as  regards  the 
>f  their  driving  wheels,  there  is  nothing 
lal  in  the  Metropolitan  engines,  and 
there  is  no  foundation  for  the  assertion 
\T  contemporary  that  those  engines  have 
la  **  much  too  large  ;"  while,  moreover, 
Vlidland  Company  (who  are  expressly 
by  our  contemporary  in  support  of  its 
nents)  arc  running  their  ^'metropolitan'' 
B  with  engines  having  driving  wheels 
as  than  6  ft.  2  in.  in  diameter. 
;zt,  it  is  stated  in  our  contemporary, 
the  Metropolitan  engines  were  made  too 
and  that  it  was  then  endeavoured  to 
tensate  for  this  by  fitting  them  with  a 
5.  If  the  writer  of  the  article  in  ques- 
liad  ever  designed  a  locomotive,  he  would 
ftbly  never  have  made  so  silly  an  asser- 
The«fact  was,  that  Mr.  Fowler  con- 
ed— and  with  good  reason — that  a  loco- 
ve  with  a  flexible  wheel-base  was  best 
d  for  working  a  line  with  numerous 
^  like  the  Metropolitan,  and  he,  there- 
adopted  bogie  engines,  the  result,  of 
se,  being  that  the  total  wheel-base  was 
ered  loneer  than  it  otherwise  would  have 
.  In  this  adoption  of  a  long  and  flexi- 
rheel-base,  Mr.  Fowler  is  also  supported 
le  practice  on  most  of  our  principal  lines, 
le  following  Table,  giving  the  wheel- 
9,  etc.,  of  engines  employed  in  working 
opolitan  traffic,  will  show  : 

Length 
of  line  to       Total    ol  rigid 

1  engiuet        wheel-    wheel-    Arrangement  adopted 
loi^.  biwe.      base,      fur  giving  flexibility. 

1  London    22  2    8    0    W.  Adams'  bogie. 
"  20  8    8    0  "  '' 

.N<,rtherol9  3    7    6    j  Vaxi^tTe' "" 
b-Eastem    20  6    7    8     W.  Adams'  bogie, 
ipolitan       20  9    8  10    BisscU's  bogie. 

16  new  **  Metropolitan  ''  engines  of  the 
X  Western  Company  and  those  of  the 
And  Company  have  certainly  rigid  wheel 
I,  the  former  being  15  ft.  8  in.,  and  the 
r  no  less  than  16  ft.  G  in. ;  but  we  have 
o  learn  how  the  flange  wear  of  the  tyres 


of  these  locomotives  will  compare  with  that 
of  the  bogie  engines  used  by  other  com- 
panies ;  while  we  must  remember  that  in- 
creased flange  wear  means  also  increased 
wear  and  tear  of  the  permanent  way.  As 
for  the  increased  weight  due  to  the  adoption 
of  the  four-wheeled  Bissell  bogie  on  the 
Metropolitan  engines,  it  probably  amounts, 
we  believe,  to  about  8  tons  2  cwt. ;  but  in 
return  for  this  there  is  obtained  not  only  the 
decreased  wear  of  flanges  and  rails,  but  also 
increased  safety.  And  here  we  may  remark 
that  the  statement  made  by  our  contemp- 
orary, that  on  the  Metropolitan  Railway  '*  the 
bad  curves  are  few  in  number,  and  at  the 
worst  can  do  no  great  harm,  because  the 
speed  at  which  they  are  traversed,  as  at 
King's-cross,  for  example,  is  low,"  is  far 
from  expressing  the  state  of  affairs  correctly. 
All  who  have  ridden  over  the  Metropolitan 
Railway  on  an  engine  well  know,  or  should 
know,  that  the  line  is  essentially  one  with 
frequent  curves  ;  and,  although  none  of  these 
may  be  considered  exceptionably  sharp,  ac- 
cording to  the  light  in  which  such  matters 
are  now  viewed,  yet  numbers  of  them  are  of 
but  10  chains  radius,  and  are  traversed  at 
speeds  of  over  25  miles  per  hour. 

We  now  come  to  the  third  principal  objec- 
tion made  by  our  contemporary  to  Mr.  Fow- 
ler *s  engines,  namely,  to  their  alleged  *'  en- 
ormous weight,''  which  it  said  exercises  a 
most  destructive  action  on  the  permanent 
way.  Says  our  contemporary  :  **  There  is 
no  denying  the  fact  that  the  standard  engines 
play  havoc  even  with  the  permanent  way  of 
the  Metropolitan  Railway,  smashing  off  the 
tables  of  steel  rails,  and  grinding  out  the 
best  Bessemer  track,  perhaps  in  the  world, 
as  though  it  were  made  of  iron.'*  Now, 
notwithstanding  the  assertions  of  our  con- 
temporary we  most  emphatically  deny  that 
the  steel  rails  on  the  Metropolitan  railway 
are  being  crushed  or  having  their  tables 
smashed  off  by  the  loads  imposed  upon  them. 
We  lately  walked  over  a  considerable  length 
of  the  line  and  found  no  signs  whatever  of 
anything  but  fair  and  even  wear  taking 
place,  except  at  stations  where  a  certain 
amount  of  lamination  of  the  raib  is  caused 
by  the  action  of  the  brakes  and  by  the  oc- 
casional slipping  of  the  engines  when  start- 
ing. There  are  now  in  the  Metropolitan 
line,  between  KingVcross  and  Farringdon- 
strect,  Bessemer  steel  rails  which  were  laid 
down  in  April  and  May,  1866,  and  which 
have  consequently  been  on  the  road  upwards 
of  three  years.     During  that  time  they  have 
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been  traversed  by  the  following  numbers  of 

trains : 

Metropolitan 161 ,000 

Great  Western , 39,000 

Loudon,  Chatlmrii,  and  Dover. . . .   10,iX)0 
Groat  Northcro 17 ,000 


2^7,000 


Even  tbis  vast  number  docs  not  include 
empty  engines  passing  to  and  from  sheda,  and 
wbich  during  the  time  we  have  mentioned 
would  probably  amount  to  not  less  than  15,- 
000  or  20,000,  Notwithstanding  that  they 
have  carried  this  enormous  traffic,  the  rails 
show  nothing  but  an  exceedingly  slight  and 
perfectly  uniform  wear,  and  there  are  no 
signs  whatever  of  *'  t^mashlng  "due  to  ex- 
cessive loads.  At  the  stations  the  skidded 
carriage  wheels  do  undoubtedly  produce 
lamination,  and  it  is;  curious  on  passing  the 
finger — or  still  better,  the  point  of  a  pin  or 
penknife— over  the  rails  to  feel  how  the  sur- 
face has,  as  it  were,  been  rubbed  down  in 
the  direction  of  the  traffic.  This,  however, 
has  nothing  to  do  with  the  weight  of  the 
engines.  Of  this  weight  we  shall  have  more 
to  8ay  when  eon^idering  the  comparison  be- 
tween the  Metropolitan  and  Great  Western 
locomotives  ;  and  in  the  meantime  we  shall 
merely  remark  that  the  correct  weight  in 
working  order  is  42  tons  3  cwt, — not  *'  at 
least  45  tons,*'  as  stated  by  our  contempo- 
rary; while  the  weight  resting  on  the 
coupled  wheels  is  SO  tons.  These  weights 
are  prac  tie  ally  the  same  as  those  of  the 
standard  engines  used  by  Mr.  William  Adams 
on  the  North  London  line,  while  the  Midland 
**  metropolitan  "  locnniotives,  which  are  stat- 
ed by  our  contcmpurary  to  be  **  a  modiiica- 
tion  of  Mr,  Fowler's  design,  the  engines 
weighing  much  less,  however,"  are,  in  reali- 
ty, engines  with  a  rigid  wheel-base  of  15  ft. 
6  in.,  having  IGJ  in.  cylinders,  with  22  in. 
stroke,  f>  ft.  2  in.  coupled  wheels,  and  weigh- 
ing, in  working  order,  48  tons  4  cwt.,  of 
which  over  32  tons  rest  upon  the  coupled 
wheels. 

We  shall  now  consider  the  comparison 
made  by  our  eon  temporary  between  the 
standard  Metropolitan  locomotives  and  those 
recently  placed  on  the  line  by  the  Great 
Western  Company  for  working  their  metro- 
politan traffic  ;  and  in  the  first  place  it  may 
be  as  well  that  we  should  give  a  few  parti- 
culars of  the  latter  engines,  and  the  w^ork 
done  by  them.  The  new  Great  Western 
louomotives,  then,  have  inside  cylinders  10 
in.  in  diamet-er,  with  24  in.  stroke,  and  they 


arc  carried  on  six  wheela^  Ike 
trailing  wheels^  which  are  5  ft.  in  i 
being  coupled,  and  there  being  a  ^|^l 
leading  wheels  in  front.     The  wWd  \ 
15  ft.  3  in. I  and  their  weight  in 
der  is  a  little  over  33  tonii,  of  wUoli 
23  tons  rest  on  the  coupled  wli«diu 
here,  before  proceed iog  further,  wt  m 
mark  that  in  carrying  oat 
between  the  Metropolit^in  and  Grwt 
em  engines,  we  are  very  far  from 
6nd    fault   with    ibo    latter^     Thij 
thoroughly  good  and  remarkably  i 
and  we  believe  them  to  be  well 
the  work  which  they  have  to  perfoffV|J 
this  work  is  not  tb-  jb  tkat 

required  of  the  Ml 
is  in  negleeting  to  nuui   tUia   &0I 
e  oil  temporary    baa    »o    gjeAily    eftnL 
regular  load  drawn   by   the  Great  Wn 
engines  over  the  MetropuHtan  littc 
Bishop*s-road  and   MoorgAte^treel^  1 
usually  of  six  or  sometimes  ne^TCft  i 
two  of  these  carriages  carrytog  tamikwi 
sengers,  iueludiug  the  ^uard  and  I 
and  the  remaining  carnage;? 
each  32  passengers.      The  six-csniafe  I 
have  thus  seat  room  for  202,  and  tkt  i 
carriage  trains  for  240  paasengeri. 
ing  the  weight  of  these  earragM 
no  precipe  information  ;   *         '    .  irrrfi 
construction,  and  we  sli  klkitl 

probably  weigh  about  G^  iull»t^a«:h.  Ofi 
.2  ton  per  passenger  carried.     Of  tKe 
distance  run  by  the  Great  W 
about  five-ninths  is  run  on  th 
line,  and  the  remainder  on   ' 
em  line,  where  no  condensLi..  . 
haust  steam  is  required.     ThU 
be  taken  into  considerntv-  --  - 
Great  Westom  and  Metr  «dB(<ifcft> 

The  usual  load  drawn  by  luo  i.utcr  «llfM 
we  should  state,  consists  of  a  traift  ^f  iw 
carriages,  accommodating  352  |Hiiijii^<Wii 
this  tmin  being  made  up  as  follovss  Oif 
first  class,  holding  48  passengers  ;  01 
posite,  carrying  24  first  rla^:^  and  40 
class    passengers;  one  la«a,  Mi- 

ing  80  passengers  ;  and  4  dis,  i^ 

commodating  together  lt*0  pooplc*  1V•^ 
riages  weigh  10  tons  each,  tlioir  woii^bttif 
thus  .312  ton  per  pa^en  mitbmi 

,25   ton  per  passenger  l.-.   ....    liimfotiim 
and  .2  ton  per  passenger  for  the  thiJd 

Arguing  on  these  pren 
rary    says:      **  We     hu  lli« 

Western  Company  doing  tho 
the  Metropolitan   aro  Q^mg,  wtlk  s 


M«^tTti|ii'uUl 


tact 
Tuparii^tk 


initkm 
workiWi 
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t  less  by  at  least  twenty-five  tons  per 
if  we  assume  ten  of  the  Great  Western 
3;es,  to  carry  only  as  many  as  five  of 
stropolitan  carriages. ' '  Now,  as  a  fact, 
1  Great  Western  carriages  could  not 
lo  many  passengers  as  the  five  carriages 
i^  the  nsual  Metropolitan  train,  while 
nng  of  weight  would,  we  firmly  believe, 
ier  twenty-five  tons  rather  than  over 
he  assertion  that  the  Great  Western 
laj  are  doing  the  same  work  as  the 
politan  Company  with  lighter  engines 
aoh  less  dead  weight,  we  must  decided- 
ly. The  maximum  train  worked  by 
'eat  Western  Company  over  the  Me- 
itan  line  consists,  as  we  have  said,  of 
carriages,  and  taking  this  as  the  stand- 
f  comparison  with  the  Metropolitan 
rriage  train,  we  find  the  relative  dead 
^  to  be  as  follows  : 

Metropolitan.        G.  W.  R. 

;  of  engine 42  tons.  88  tons. 

trmin,  about     80  "      about    4bi" 
fengine  and  train, 

t 122  "      about    781" 

r    of  passengers 

ed 852  240 

t   of  engine  per 

)ii0Br 119  ton  .187  ton 

t  of  engine  and 

passenger  about.    .846  ton  about    .827  ton 

IU0  see  that  the  weight  of  the  engine 
Msenger  drawn  is  actually  less  in  the 
f  the  Metropolitan  than  in  the  Great 
)m  trains,  while  the  total  dead  weight 
UMMnger  is  nearly  the  same  in  the  two 
It  may  be  said,  and  no  doubt  truly, 
he  Great  Western  engines  are  under- 
;  but  the  same  is  equally  true  of  the 
(politan  locomotives ;  and,  in  fiict,  the 

have  been  designed  for  working  not 
J  the  present   trafiic,   but   the   traffic 

it  is  expected  will  be  obtained  when 
rhole  line  is  completed.     In  fact,  the 

stations  on  the  line  are  now  being 
lened,  to  allow  of  longer  trains  being 
id.  Moreover,  in  comparing  the  per- 
nce  of  the  two  sets  of  engines,  it  must 
me  in  mind  that  while  the  Great  West- 
ains  traverse  but  4^  miles  of  under- 
d  line,  the  Metropolitan  trains  are  work- 
»m  Moorgate-streot  to  Westminster,  a 
ice  of  9^  miles,  and  the  Metropolitan 
es  thus  require  and  carry  1,000  gallons 
iter  for  condensing  purposes  against 
allons  carried  by  the  Great  Western 
OS.  The  maximum  gradient  also  on  that 
ID  of  the  line  traversed  by  the  Great 
em  trains  is  I  in  100,  whereas  between 

Vol.  I.— N6.  9 5C. 


Praed-street  and  Westminster  there  are 
several  gradients  of  I  in  70.  Thus,  the  work 
done  by  the  Metropolitan  is  much  heavier 
than  that  performed  by  the  Great  Western 
locomotives. 

Taking  all  things  into  consideration,  we 
cannot  consider  that  the  Metropolitan  en- 
gines are  too  heavy  for  the  duty  demanded 
of  them.  They  are  certainly  9  tons  (not  12 
tons,  as  stated  by  our  contemporary )  heavier 
than  the  Great  Western  engines,  but  they 
have  the  advantage  of  a  greater  firegrate 
area,  a  greater  firebox  heating  surface,  a 
greater  water  capacity  in  the  boiler  (an  im- 
portant matter  for  engines  working  under- 
ground traffic)  a  greater  adhesion  weight,  a 
greater  tank  capacity,  and  last,  but  not  least, 
they  have  a  flexible  wheel-base,  and  are  fitt- 
ed with  a  compensating  beam  between  the 
coupled  wheeb.  As  regards  tractive  power, 
the  two  sets  of  engines  are  practically  iden- 
tical, the  tractive  force  exerted  for  each 
pound  of  effective  pressure  per  square  inch# 
on  the  pistons  being  100.5  lbs.  in  the  case  of 
the  Metropolitan,  and  102.4  lbs.  in  that  of 
the  Great  Western  locomotives.  They  would 
thus  possess,  as  far  as  cylinder  power  is  con- 
cerned, equal  capabilities  for  starting  a  train; 
but  on  an  underground  line,  where  the  ex- 
haust cannot  be  discharged  into  the  chimney, 
the  additional  firebox  capacity  and  water 
space  in  the  boiler  would  give  the  Metro- 
politan engines  an  undoubted  advantage  for 
maintaining  speed. 

Our  article  has  already  extended  to  a 
greater  length  than  we  intended,  but  we  can- 
not conclude  it  without  directing  attention 
to  a  most  extraordinary  conclusion  arrived 
at  by  our  contemporary  with  regard  to  the 
facts  we  have  been  considering.  It  says : 
**  If  Mr.  Fowler's  method  of  working  Me- 
tropolitan traffic  can  be  made  to  pay — and  it 
is — then  much  more  should  the  Great  West- 
era  system  pay.  In  the  case  of  the  engines 
alone,  the  cost  of  transmitting  each  ton  of 
dead  weight  from  place  to  place  cannot  be 
much  less  than  2d.  per  ton  per  mile.  Taking 
the  very  moderate  estimate  of  20,000  miles 
as  the  distance  run  each  year  by  each  engine, 
we  have  a  saving  of  12  tons  less  in  the  Great 
Western  engines,  as  compared  with  the 
standard  Metropolitan  engines,  of  £166  per 
engine  per  annum,  or  for  the  Metropolitan 
Railway  Company,  with  36  engines,  a  savins 
of,  in  round  numbers,  £6,000  per  annum  !  ** 
The  italics  are  our  own,  and  we  &ncy  that 
the  passage  we  have  italicized  will  astonish 
most  railway  men.     As  a  fact,  the  looomo- 
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tive  and  carriages  expenses  on  the  Metro- 
politun  line  average  about  13d.  per  train  per 
mikf  and  taking  the  mean  gross  weight  of 
the  trains  as  low  as  180  tons,  we  find  the 
mean  cost  of  transport  per  ton  per  mile  to 
be  but  .Id.  instead  of  2d.  as  stated  by  our 
contemporary.  Extraordinary,  however,  as 
is  our  contemporary's  statement  that  the 
c03t  {)f  transport  is  not  less  than  2d.  per  ton 
per  U]ile,  the  arithmetic  by  which  thb  cost 
IB  made  to  show  a  saving  of  £166  per  engine 
per  annum  is  still  more  extraordinary.  Ac- 
cording to  ordinary  methods  of  calculation 
12  tons  carried  20,000  miles  at  2d.  per  ton 
per  mile  would  give  £2,000  not  £166  !  The 
real  difference  of  weight  of  the  engines, 
however,  is  9  tons  not  12  tons,  and  at  .Id. 
per  ton  per  mile  this  gives  for  20,000  miles 
por  annum,  £75  per  engine  per  annum,  or 
£2  JOO  for  the  36  engines,  a  sum  which  we 
think  would  be  hardly  compensated  for  by 
the  decreased  efficiency. 


ffiON  AND  STEEL  NOTE& 

SMELTING,  GaRBURIZINO,  AND  PuRITTINO  IrON. — 
Mr.  Isham  Baggs,  of  High  Holborn,  has  patented 
some  processes  by  means  of  which  tbo  smelting,  car- 
bnrkation,  and  purification  of  iron  are  greatly  facili- 
l»ted^  In  charging  the  Airnace,  the  coal  or  coke 
u<)uaLly  thought  necessary  for  smelting  is  in  a  great 
tncaf^Lire  dispensed  with,  and  in  its  place,  Mr. 
Bngp^i  bums  in  the  smelting  furnace  coal  gas,  hydro- 
gen, carbonic  oxide,  or  other  combustible  gas  or 
gasea,  and  also  the  vajjor  of  petroleum,  naphtha, 
and  other  hydrocarbons  under  pressure  and  in  com- 
bt nation  with  a  blast  of  hot  or  cold  air.  In  the  case 
of  thf^  inflammable  hydrocarbon  vapors,  the  same 
may  lie  forced  into  the  Airnace  under  the  pressure 
of  tlii'lr  own  atmosphereH,  or  by  means  of  mechan- 
ical appliances.  The  gases  and  vapors  which  are 
emfilcrycd  for  the  purposes  of  this  invention  may  be 
previously  mixed  with  the  air  Airnished  by  the  blast, 
or  nmy  be  caused  to  meet  the  air  in  the  Airnacc  or 
at  the  tuyeres.  The  proportions  of  the  mixture 
when  a  combination  of  gas  or  vapor  and  air  ia 
employed  arc  subject  to  constant  regulation  by 
valvef*.  One  very  convenient  mode  of  obtaining 
combustible  gases  for  the  purposes  of  this  invention 
is  to  generate  coal  gas  in  the  usual  way,  and  then 
carbonic  oxide,  and  to  blow  air  or  carboin'c  oxide 
ga«  under  pressure  through  the  retort  containing  the 
residual  coke. 

For  the  purpose  of  carburizing  the  iron,  whether  in 
or  out  of  the  furnace,  as  may  be  desirable,  coal  gas 
or  other  carbides,  or  other  materials  containing  car- 
bon, are  blown  through  the  furnace  or  brought  into 
contact  with  the  molten  metal  by  blowing  them 
tbrouKh  it.  Carbon  in  any  suitable  form  or  combi- 
natiati  may  also  be  directly  introduced  into  the  Air- 
na^o  for  the  purpose  of  carburization,  and  although 
gi  n,'r:tl|y  for  smelting  purp«»8es  it  is  desirable  to 
*\\rlit.]D  all  solid  mineral  Aiel  ft-om  the  Aimace  as 
part  <ii  the  charge,  \-et  where  a  susi»ension  of oiwra- 
-  m  necessary,  such  a  charge  of  coal,  coke,  or 


other  fuel  may  I 
will  prevent  the  n 
falling  through  1 
therein  or  below  i 
tied.  When  purl 
acid  is  blown  thro 
from  the  Aimaces, 
mon  air  or  with  s( 
Magazine, 

Iron  ahd  Ste: 
evening,  June  : 
of  Arts,  the  first  i 
and  Steel  In&titut 
by  ironmasters  fn 
Staffordshire,  Soi 
was  held  under  t] 
Duke  of  Devoush 
a  lengthy  and  ex 
Grace  explained  t 
are  to  afford  a  n 
members  of  the  ii 
bearing  upon  the 
ing  all  questions 
regulations,  and  t 
the  purpose  of  d 
subjects  bearing  n 
ofiron  and  steel.  1 
attended  the  foma 
societies,  and  saw 
should  not  accni< 
Then  his  Grace  f 
tory  of  iron,  the 
tioned  by  Homer 
by  Mr.  Layard  to 
900  B.  0.  He  tb 
manufacture  dow 
which  gave  such 
of  iron  in  this  co 
the  invention  of 
supplies  of  ore,  i 
tributed  to  the  pn 
facture.  The  proc 
iron  and  steel  are : 
to,  the  president 
waste  of  gases  fro 
then  to  show  how 
were  distributed  < 
be  solved  now,  wl 
were  economy  in 
greater  ultilizatioi 
had  been  used  in 
It  was  also  highly 
pure  as  possible, 
brought  to  the  aid 
istry  of  iron  and  s 
scure  and  unoerta 
bu  teloquent  refer 
essential  necessai 
Fothergill,M.  P.,] 
for  his  address,  am 
ed.  Mr.  Isaac  I 
which  was  carried 

METAL  Product 
there  were  1,2 
87.086  hands,  an 
$1)2,042,018.  Th< 
other  metals  is  t 
lead,  $3,791,840; 
^08,271;  zinc,  in! 
zinc,  $2,l(M.2ol. 
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PARTICULARS  OF  BLAST  FURNACES, 
red  by  Dr.  Thomas  Egleston,  jr.,  Professor  of  Mineralogy  and  Metallurgy,  Columbia  College 


School  of  Mines. 

Note. — ^The  dimensions  are  in  meters  s=  89.88  in. 

^meriran  Furnaces  (Charcoal), 


1  aw  THB  atATI. 

Total 
heigliU 

Ifeiffht 
b^h. 

Heiffht 

Of 

hearth. 

tuyeres. 

Diam. 

of 
throat. 

Diam. 

of 
bosh. 

Diam. 

at 
tuyere. 

Volume 

of 
hearth. 

Volume 
of  etaU 
lages. 

Volume 

of 
shaft. 

T6tal 
volume. 

[icat...... 

.     7.315 

to 
10.0S5 
8.594 
10.972 
12.102 

to 
19.U01 
12  192 

to 
13.716 
8.229 

to 
10.963 
0  75 

to 
13.106 
8.534 

to 
10  058 
12.192 

12.192 
10.058 

to 
12.192 

3.048 
to 
5.18 
3.048 
2.743 
3.900 

"i!524* 

to 

3.149 
1.244 

to 
2.631 
9895 

to 

3.656 
9.438 

to 
3.048 
1.524 

3.566 

4.926 

1.62 

to 
l.fS8 
l.ftM 

.914 

.456 

to 

1.828 
1.778 

to 
1.898 

.152 

to 

1.828 
1.524 

to 

1.980 
1.371 

to 

1.524 
1.219 

to 

1.524 
1.828 
1.828 

to 
2.438 

.533 
to 

.609 
.508 

to 
634 
.701 

.508 

to 

.584 
.406 

to 

.660 
.355 

to 
.600 

564 

3.914 

to 
1.29 

.914 

.863 
1.066 

to 

1.594 
1.096 

to 
1.524 

.558 

to 

.751 

.50 

to 
1.219 

.406 

to 

.812 

.914 

1.219 
.558 

to 
.914 

9.13 

to 

2.74 
3.048 
2.743 
2.743 

to 
2.899 
2.805 

to 
3.352 
9.2B5 

to 
5.539 
9.438 

to 

3.359 
9.590 

9.743 

9.133 
9.743 

.609 
to 

.710 
.914 

.039 

to 
1.117 

.713 

to 

.914 

.558 

to 

.762 

.609 

to 
1.676 

.193 

to 

.609 

.584 

.761 
.609 

.444 

to 
.723 

l.lOCf 

.446 

to 
1.304 

.709 

to 
1.198 

.044 

to 

.839 

.583 

to 
1.296 

.039 

to 

.497 

.;i68 

.831 
.708 

9.076 
to 

9.144 
4.191 

6.537 

to 
10.851 
3.979 

to 
5.276 
1.502 

to 
21.057 
3.623 

to 
4.297 
1.384 

to 
2.564 
3.744 

3.228 
4.573 

8.186 

to 

16.386 

18.506 

96.805 

to 
33.152 
39.774 

to 
42.660 
10.318 

to 
48.009 
33.537 

to 
41.338 
10.594 

to 
16.097 
26.439 

19.990 
99.541 

10.965 

to 
99.974 
S3.847 

Ttr    .  - 

a 

I  ,. 

36.033 

to 
41.100 
40.469 

to 
49  134 
19.658 

to 
70 
36.377 

to 
46.990 
11.948 

to 
18.478 
30.559 

93.341 
97.899 

id 

irk 

wmwdWL„r 

arolioa. 

OF  THB 

Produc. 
tion  in 
SIhoare 

Jl'^n^'ff.r;  No.toni 
n.  in  furn-i ;,_..  i^. 

iron  pro-    TlVu 

No.  of 
tuyeres. 

Diam.  of 
tuyere. 

Temp, 
of  blast. 

Pres. 

sure  of 

blast. 

Kind  of  ore. 

Yield  of 
the  ore. 

Kind  of 
iron. 

of  fuel  to 

ton  of 

cast^ron. 

iem.... 

ly  •  •  •  •  •  • 

m 

i 

Id 

Brk 

vnia.. 
broUna.. 

«• 

I 

4.064 

to 
10. IDA 

7.iia 

6.006 

14.934 

to 
16.296 
U.940 

S.OfiO 

to 
7.113 
5.060 

to 
10.100 
3.561 

to 
6006 
8.0» 

5.060 

to 
7.112 
3  048 

to 
6.006 

2.580 

to 
9.878 
3.393 

1.9 
to 
9.6 
9.3 

9.9 

5 

to 
5.5 
4.5 

to 
4.7 
1.9 

to 
2.6 
9 

to 
3 
1.6 

to 
9.3 

.7 

9.8 

.9 
to 
9.2 

1 
to 

4 
1 

.050 
to 

.0«2 
.076 

coU 

to 

hot 

hot 

eoM 

9«F 

to 
314«» 
314® 

314*> 

300» 

to 

800^ 

cold 

to 

1480 
cold 

cold 

cold 

.315 

to 

9.208 

.624 

to 

.676 
1.132 

to 
1.589 

.113 
to 

.453 

.339 
to 

.907 
9k. 

Brown 
Hematite 

Hematite 
Various 
pipe 

per  cent. 
40-45 

40 
40-75 

White 
Oray 
MotUed 
Soft  gray 

Grav 

130900 
bushels 

185  bush. 

900  bush. 

2.500 

to 
2.533 
2.900 

to 
3.221 
2.075 

lo 
9.896 
5.443 

lo 
6.295 
2.657 

to 
4.041 
15.031 

3.830 

4.563 

9 

9 
to 
3 
9 

1 

to 
6 
1 

to 
9 
9 

1 

1 

.088 

to 

.101 
.076 

to 
.095 
.063 

to 

.288 
.046 

to 

.068 
.063 

to 

.228 
.076 

.088 
to 

.127 
.076 

Eidne, 
Hemat 
Magne 
Specul 
Specuh 

Bahim< 
©rear 
Hemat 
Hemat 
Magne 

Brown 
Hemat 

Magne 
Hemat 

Limon 

Re<l 
Hemat 

r 

te 

tite 

ir 

ir 

we 

Ml 

te 
te 

tite 

ito 

tite 
te 

te 
ite 

50 
54 

40 

36 

39 

4C 

ia 

50 

^45 

.65 

>-45 
U54 

1-40 
-90 
^-50 
^-80 

Gr 
Wl 
Mr 
Gr 

Gn 
W 
Mc 
Or 
W 
Mc 
On 

Gr 
M« 

W 

Gr 
Mc 

Or 
W 

5L 

ttled 
ay 

jr.. 

ttled 

K. 

ttled. 
»y 

»y 

>ttled 
hite 

»y 

atled 

109-169 
bushels 

133-160 
bushels 

130-170 
bushels 

100-192.1 
busbeU 

e 

150-220 
busheU 

350-400 
bush. 

290  bush. 
900  bush. 

American  Furnaces  (coke  and  coal  mixed). 

1  OV  TBS  StATC 

Total 
height. 

boeh. 

Height 

of 
hearth. 

tuyeres 

Diam. 

of 
tliroat 

Diam. 

of 
bosh. 

Diam. 

at 
tuyeres. 

Volume 

of 
hearth. 

Volume 
of  etal. 
lages. 

Volume 

of 
shaft. 

Total 
Toluma. 

hraaia 

13.715 

9.695 

1.524 

1.971 

1.696 

3.960 

1.752 

3.670 

9.915 

69.869 

89.747 

Obm 

Pemwrlvanim . 


Nami  of  1 


Oliio  ,, 

P«iuii7lnuua . 
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American  Fwrnaeti  (coke  and  coal  mixed} 


NxiHX  OF  TH«   Prodnc- 

StATB.            tlon  in 

34  hours 

m  *l;.*fLn    No.  ton. 

m.  ni  turn-  ■       i^ 

1       : 

No.  of  Dtam  of  Temp. 
tu)ere».  tuyere,  of  biont. 

Pres- 
sure o 
blast. 

Peiui*ylT«iu« . . 

S0.3» 

to 
96.587 

s.toe 

7.1 

7 

.W« 

314« 
lo 

.799k. 

jSmerican  Fumacet  (Bituminaui  ' 


Njiss  ov  TBS  Statb. 


Total 
height. 


IS. 801 

to 
18.289 
19.18 

to 
19.88 


Height 

bMh. 


4.119 

to 
5.189 
4.113 

to 
5.485 


Heifht 
hearth. 


Heiefat 
tuyeref. 


.761 

to 
1.888 
1.917 

to 
1.888 


.014 
to 

.004 

.600 
to 

.650 


Diam. 

of 
throat. 


.850 

to 
9.855 
1.591 

to 
9.430 


Dtam. 

of 
bosh. 


3.656 

to 
4.876 
3.540 

to 
3.060 


No.  of  c 

Produc'S^^T^,^^ 
tion  in  ■?*  "y  ***° 
«u  h»„*.  iron  pro- 


90..'«) 

to 
40.640 
14.924 

to 
90.3i0 


No.  tons 
iron  by 
met.  of 
bosh. 


3.134 

to 
4.080 
5 

to 
5.743 


No.  of 
tuyeres. 


4.7 
to 

8.3 

3.0 
to 

5.1 


Diam.  of 
tuyere. 


6 
to 

7 

3 
to 

6 


Temp, 
of  blast. 


.068 
to 

.127 

.063 
to 

.076 


to 
530» 
314** 


Pres. 
ivre  c 
blast. 


1.011 
to 

9.731 

1.5f*i 
to 

3.961 


jSmeriean  Fwmacet  (^nthracii 

Total 

H«^. 

Hei^. 

Heifb. 

Diam. 

Diam. 

NAKt  OF  TKB  8IATF. 

height. 

of 

of 

bosh. 

hearth. 

tuyeres. 

throat 

bosh. 

Now  York 

.    19.801 
to 

3.048 
to 

1.67S 
to 

.761 

1.89S 
to 

3  60 

to 

18.29 

7.315 

9.133 

9.743 

6.705 

New  Jersey  ... 

11.582 

3.805 

.711 

1.310 

3.805 

to 

to 

10.813 

6.006 

P^lfajlvanim.  . 

0.144 

9.743 

.609 

1.006 

3  3 

to 

to 

lo 

to 

to 

• 

17.373 

0.143 

9.430 

3.658 

6.705 

Navx  of  ths 

SlAM. 

Prodnc- 
tinn  in 

No.  ot  c. 
m.  in  fiirn. 
ice  by  ton 

1 

■No.  tons 
iron  by 
met.  of 

No.  of 
tuyeres. 

Diam.  of 
tuyere. 

Temp, 
of  blast 

Pres- 
sure o 

94  hours 

duced. 

bosh. 

blast. 

NfiwYork 

14.999 

4.409 

9.0 

9 

.076 

cold 

1.13S 

to 

to 

to 

to 

to 

to 

to 

37.503 

8.658 

8 

6 

.116 

4250 

3  731 

New  Jenay.... 

8.370 

4.764 

9.86 

3 

.046 

350<» 

1.36( 

to 

to 

to 

to 

to 

to 

94.384 

4 

5 

.101 

309«> 

1.814 

PaMisylTania  . . 

0.144 

3.096 

9  7 

3 

.096 

148*' 

1.13S 

to 

to 

to 

to 

to 

to 

to 

35.561 

10.875 

7.0 

19 

.177 

4fil« 

3.69^ 
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American  Furnaces  (Chke). 

ffjJB  ov  THS  Stats. 

Toul 
height. 

Heigh. 
bo«h. 

"•of" 
hearth. 

tuyere. 

Diam. 

of 
throat. 

Diam. 

of 
boah. 

Diam. 

at 
tuyere. 

Volume 

ot 
hearth. 

Volume 
of  etal. 
lagea. 

Volume 

of 
shaft. 

Total 
volume. 

19.199 

to 
14.395 

1.904 

to 
3.359 

.014 

to 

1.594 

.600 

to 

1.919 

.014 

to 

9.438 

3.048 

to 
3.900 

.800 

to 

1.894 

.449 

to 
1.888 

1.149 

to 

19.813 

34.897 

to 
80.890 

38.411 

to 
104.30 

Hjju  ov  tb 

BtATM. 


Produc- 

tioain 

94  hour* 


No.  of  c.  L^  ^. 
_  •  r„,^  WO.  tons 
n.  in  lum-i  •.^_  .'P 


ut>n  pro- 
duced. 


boah. 


No.  of 
tuyeres. 


Diam.  of 


tuyere,  of  bUwt 


Temp. 


Preii- 
•ure  of 
Uait. 


Kind  of  ore. 


YieU  of 
the  ore. 


Kind 
of 
iron. 


Quantity 
of  fuel  to 

ton  of 
cast-iron. 


7.820 

to 

90.416 


3.080 
to 

4.7S8 


9.5 

to 

68 


3 
to 
4 


.078 


349** 


1.139 

to 
1.5iiS 


Lake  Superior 


per  cent 
33-89 


Gray 


100 


Foreign  Furnaces  {Chmrcoal.) 

Total 
height. 

bosh. 

hearth. 

tuyeres. 

Diam. 

of 
throat 

Diam. 

of 
bosh. 

Diam. 

at 
tuyere. 

Volume 

of 
hearth. 

Volume 
of  eial- 
Uiges. 

Volume 

of 
shaft. 

Total 
Toiume. 

0.753 

8.79 

to 

13.07 

8 

to 

10.70 

7.U5 

to 

11.93 

8.00 

to 
15.70 
0.75 
to 
19.49 
0 
to 
10.60 

3.048 
1.58 

to 
4.494 
9.33 

to 
5 
9.87 

to 
9.90 
4.84 

to 
8.84 
3.9B 

to 
4.70 
3.40 

to 
4.75 

1.594 

.47 

to 
1.00 

.05 

to 
9 

.49 

to 
1.65 

.50 

.19 

to 

1.50 
.70 
to 
.80 

.533 

.597 

to 

.839 

.54 

.49 

to 
.61 

1.015 

.553 

to 
1.58 

.80 

to 
1.45 

.88 

to 

1.96 
9.16 

to 
9.44 

.88 

to 
1.82 

.00 

to 
1.85 

9.743 
1.880 

to 
3.44 
1.00 

to 
9.75 
9.99 

to 
3.14 
3.83 

to 

3.05 
907 

to 
9.54 
9.10 

to 
9.50 

.014 
.67 
to 

1.808 
.52 
to 
.80 
.44 
to 
.79 
.83 

.74 

to 
1.95 

.80 

to 
1 

.900 
.448 

.384 
to 
.530 

4.323 
4.602 

9.936 

to 
5.060 

99.808 
15.1b8 

88.009 

to    . 

14.718 

95.979 

Aaitria 

13 

to 
81.15 
11.407 

to 
18.980 
18.39 

.907 
to 

.790 

.190 

to 

1.549 

.402 
to 

.540 

18.560 

to 

31.558 

4.080 

to 

8.099 

1.886 

to 

10.333 

58T9 

to 
88.544 
18.471 

to 

98.018 

7.981 

to 

92.857 

to 

30.8 
80.9 

"^l 

to 
08.155 
90.b49 

to 

SSiV. 

94.331 
9.589 

to 
33.730 

Ham*  «w  thx 

Stats. 

Produc  ; 
tion  in 
94  hours 

No.  of  c. 
n.  in  furn- 
ice  by  ton 
iron  pro- 
duced. 

No.  toni 
iron  by 
met.  of 
bosh. 

No.  of 
tuyeres. 

Diam.  of 
tuyere. 

Temp, 
of  bhut 

Pres- 
sure of 
blast. 

Kind  of  ore. 

Yield  of 
the  ore. 

Kind  of 
iron. 

ton  of 
cast-iron. 

ir«««  Scotia... 
Awtrim 

7.119 

9.31 

to 

93 

9.5 

to 

4 

3.554 

9.3S2 

to 
5.687 
3.006 

to 
4  195 

9.5 

1 

to 
3 
3 
9 
to 
19 
1-3 

9 

9 
to 
5 
.87 
to 
.53 

.009 

.09 
te 
.06 

09«» 

cold 

to 
9.25*' 
eold 

to 
9.50«> 

.340 

to 
.453 
.018 

to 
.70 
.04 

to 
.14 

Limonite 

percent 

48 

9S-43 
87-88 

Gray 

White 
MotUed 

100  bush. 

ft^gila 

Magnetite 

«.800 

to 
90.3S9 

9.155 
to 
9.947 

»~y 

Foreign  Furnaces  (Coke.) 

Namb  or  TU  Stats. 

Total 
height. 

Height 
bMh. 

Height 

of 
hearth. 

Hei^t 
tuyeres. 

Diam. 

of 
throat. 

Diam. 

of 
bosh. 

Diam. 

of 
tuyere. 

Volunie 

of 
hearth. 

Volume 
of  etal. 
lages. 

Volume 

of 
shaft. 

3  Total 
Tolum*. 

jMgfww .t....... 

13.98 

to 
18 
13.00 

to 
16 
10.88 

to 
15.70 

3.50 

to 
5.85 
4.00 

to 

6.95 
9.714 

to 
5.97 

9.10 

to 
9.87 

.85 

to 
9.4.'$ 

.859 

to 
9.07 

.70 

9.80 

to 
3.80 
9 

to 
3 
1.897 

to 
9.S3 

4.19 

to 
5 
3.98 

to 
5 
3.45 

to 
4.71 

.914 

to 

1.70 

.84 

to 

1.80 

.890 

to 

1.809 

1.914 

to 
8.489 
1.919 

to 
5.080 

.911 

to 
9.537 

9.889 

to 
98.574 
17.337 

to 

34.111 

9.930 

to 
99.855 

71.920 

to 
914.910 
61.805 

to 
134.870 
70.864 

to 
101.938 

8B.8a 

rnar* 

to 
997.940 
80.950 

rrsMls 

to 
173.87V 
7B.80f 

to 
188 
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Foreipi  Fumactt  (Colfe)— Conliuiu-d. 


Namx  or  Titm 


I  No.  of  c 


B«lgiam 
FrftAce*. 


m 

40 
IS 


7 
li» 
9Q 


irtm  by 

nmi  of 

bcMb. 


to 

to 

lo 
7.S33 


t 

lo 
3 
9 

lo 
5 
3 


.06 
lo 
.14 

to 
.0» 
.U6 
to 
117 


Diam.  of 


Temp. 
o(  blfe<l. 


350« 

lo 

3541° 


Pre*. 

•urc  uf 


lUud  irf  ore 


lo 
,17 
.It 

lo 

.10 
to 


Limoiait* 


PaECAUTiONs  iM  BtTELDixo  FfTRiTACKS. — In  the 
last  two  ycsars  some  accidents  have  occurred 
during  the  erection  of  furuacea.  We  huve  exiuuin- 
ed  the  causes  in  several  of  Ihese  coses  and  have 
found  that  they  have  been  attributable  t^  the  IV>1- 
lowing  defects  and  oversights  : 

1 .  lfi»€cur€  foundations .  Some  engineers  arc  out 
practically  aware  of  the  exceeding  pressure  aud 
weight  arising  from  the  methods  of  construction  iti 
furnacei  and  in  the  hoists.  8«me  t>f  these  struc- 
tures, froiu  the  conditions  under  which  they  have 
been  erected^  require  a  small  area  of  base  with 
comparatively  enormous  super!  ncurabent  weight. 
Perhaps  we  might  Imve  made  no  distinctioD  between 
pressure  and  weighty  but  we  think  it  necessary  to 
make  what  we  apprehend  is  a  true  distinction  in 
this  cast.  By  weight  is  meant  that  furce  of  gravity 
applied  at  thejimcture  where  the  generally -con- 
sidered homogeueousness  of  material  tertuinates^ 
ftud  by  pressure,  the  sume  force  as  applied  in  the 
general  structure  or  material  itself.  Allowing  this 
delluition,  we  would  say  that  tlie  weight  of  some 
furnaces  of  moderate  size  creates  a  formidable 
amount  &i  pressure  upon  foundations.  Is  it  not 
therefore  strange,  that  with  the  addition  of  material 
of  the  charges^  cracks  and  injuries  occur  after,  if 
not  before  the  blowing  in  ?  We  have  seen  some  ftjr- 
nace  and  hoist-walls  give  way  before  they  were 
quite  complete.  For  illustnitiou  sake,  let  us  sup- 
pose we  weigh  a  furnace  of  50  11.  high  and  12  t\, 
bosh,  builded  of  limestone^  and  fjiit  up  in  the  usual 
way.  As  the  stack  will  be  (illed  with  material 
whose  average  density  w^ill  fully  equal  that  of  lime- 
stone, or  other  rock  used  for  this  purpose,  we  may 
consider  its  speciflc  gravity  2 J,  water  being  1. 
Taking  the  latter  at  ti(>  lbs.  per  cubic  foot,  we  shall 
liave  fau-  data  to  begin  with.  Suppoj^ing  the  above 
furnace  to  be  only  20  1\.  square,  on  the  average,  to 
level  of  tunnel  head,  and  the  weight  of  each  cubic 
fiixit  to  be  162  lbs.,  we  shall  have  a  reason* 
able  average  weight.  These  elements  would  give 
A  weight  of  1,44{1  tons,  and  the  soil  (if  build- 
ed upon  soil),  would  receive,  if  all  things  were  uni- 
foi*m|  a  pressure  of  abtmt  56  lbs,  upon  the  square 
Inch»  It  will  therefore  readily  be  seen  how  easily 
a  hoist,  or  furnace  gtack,  may  be  injured  by  the 
yielding  of  even  a  part  of  the  foundatioUt  causing, 
••  we  have  seen  in  more  ttmn  one  instance,  a  crook- 
ed wall  before  any  flro  was  kindled  within  the 
works.  Wo  were  informed  by  a  gentleman  who 
had  more  than  fifty  years  of  experience  in 
building,  that  small  stones  laid  in  the  trench  ex- 
cavated for  walla,  were  more  secure  a^  a  first  layer 
*™Jf*'8**  *'^«ne8,  and  we  were  referred  to  a  large 
mtA  heavy  stone  structure,  erected  more  than  twenty 


years  before,  in  which  hciavy  macJiiaprj 

running  since  its  <freciititi,  and  ttoi  a  i 

kind    wa«  apparent.     We    saw 

building  after  they  had  beeo  mtgoetei  \ 

severe  lire,  but  no  craek  tnadeiUi 

additional  evidence  that  then* 

the  foundations.    Thi^re  \>^ 

sophy.  unttsusl  as  it  may  at  •  1^5*11^ 

stonei^  down  flrat  aiid   letting   \l. 

ground  confomiably   to  tht:   u^i»r  mxtam  if* 

large  foundation  stoo4r»  uitt^d  in  fiirtii«r  \ 

tlona  aud  their  aocomprtnytu^  wails  and  I 

2.  latftroptr  building  maiwTtal,  W#  I 
only  one  illu titration  of  unwine  ^to^ams  ll  I 
respect  so  tar  as  furnAcu  wortci  tfiv 
this  case  the  stack  and  hotsUi  beoMi 
being  nearly  completed,  beoMue  oC  tte  ^m  4% 
friable  sandstone,  taken  fbona  near  at  \aaA  lAwm 
hauling  from  a  distsuioe.  Tim 
great  for  the  stone.  Materiala  are  i 
the  individual  stones  bto  stii«]],  pfjiffciiif  i*  ^ 
corners  of  the  structure,  and  tliey 
in  ascending,  as  a  matter  \it 
and  not  of  necessity  1 1  is  a  mistaka  to  i 
thut  all  limestones  are  undt  for 
silicious  stones  of  that  nature 
when  protected  from  fire.  Tlie  cong 
sisthig  of  qunrti^  pebbles  cementnl  «ilh  liai  mk 
alumiti<<  1  u  H,    form    an   exoellaft  WMfiil 

where  t  . ,  ticiw  is  sn^tfieiaatiy  grast    lb 

j  congloiui .  .lic^  wi  il  '   -.♦I....*-  jiikI  M«f  nv^ 
form  excellent  br  f   |tf f«  iMi  iv4 

\  most  efliciently  fur  ^  wcmm  aa&iwa 

have  been  also.     The  c  .>ebhlrs  jwj  hm 

large  stones  to  smaller  sjut  tb«r«  ii  » 

dilliculty  in  obtaining  Ltrgc  itu.^<.%i^ar  lnmmm}fitt^ 
Ore  clay  bricks,  of  Urgt^  stie.  have  bom  aaal  Ac 
hearthstones  with  satiafactafy  reauJla* 

Kaolin  mortar,  ooniaiiiiQg  ioi|attdlli»a,itW<t 
good  reason  to  suspeot,  ta  inlfTior.  Tfca  flusi  an? 
be  said  of  the  fire  bricks  inadt*  fVom  aacli  oaML 
Good  kaolin  mortar  isgeD«raUy6iieialada>«i«<^ 
little  grit,  and  geperally  iLsfcrdesia  aooft,  ni  «!* 
dry,  the  mortar  will  not  rub  tiff  la  gyiUf  t*'*ki>a 
In  putting  up  sevet^  Aintaowi  fw  kii  i  Air  linA 
maile  of  kaolin  clays,  or  (Ire  elagr  eomakt  mA  Iw 
found,  tliuB  far,  that  the  cb}-*  contaliifacMlfav*^ 
soda  and  partaking  of  the  tiaciit«  mi^Btl^  ^ 
alumina  only,  appeared  t«i  Mlm«it«iraiJ|y0A^<'" 
tar  and  remain  uninjured  loQgiir  as  k  *"  **" 
lime -kaolins  are  atlect^  ooaiiiaratlvely  i 
ly  than  any  other.  Nothii^  but  aikalyiii  < 
it,  although  we  tia^e  seeo  aotDe  iNyinitr 
which  were  Ume-kao(it»a«  and  ira  hatv 
that  this  peculiarity  mS^t  owq  iti  «%li  H*  ^ 
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»  of  lime  or  soda.  But  when  properly  mix- 
subjected  to  strong  heat  in  a  smith's  fire, 
iulins  ure  eaiiily  tested.  The  above  are  the 
causes  of  defects  iu  furuaoe  building. — 
riM  Exchange  and  Review. 

r-FuRNAC£  Engines  at  the  Lillesuall 
MPANY's  Works. — The  beams  are  of  the 
iikd  class,  and  are  30  ft.  fVom  center  to  center 
uders,  and  they  are  cast  of  the  Lilleshall 
uy's  cold  blast  iron.  Each  beam  is  compos- 
wo  Hitches  about  8  iu.  apart,  the  thickness  of 
(s>^s  for  the  main  centets  being  9  in.  The 
are  supported  midway  between  the  cylinders 
i  entablature  8  ft.  deep  resting  upon  four  mas- 
lumus,  mean  diameter  174  i^*  '^^^  columns 
tAblature,  as  also  the  nozzles,  are  elaborately 
t4Hi  iu  the  Doric  order.  The  spring  beams, 
are  of  pine,  20  in.  by  12  in.,  pass  through 
m  saddles  upon  the  entablature,  and  rest  np- 
walls  of  the  house.  The  beams  are  4  ft.  8  in. 
t  the  center.  The  main  centers  are  21  ft. 
ibovc  the  floor  of  the  house.  They  have 
b  18  in.  long  and  10  in.  diameter,  and  the 
er  blocks  are  fixed  on  saddles  upon  the  en- 
ure, and  are  each  held  down  by  five  bolts. 
It  3  in.  diameter  passing  down  right  through 
lumn  into  the  foundation.  The  main  links 
t.  3  in.  long  between  end  centers,  with  bear- 
in.  long  and  4|  in.  diameter,  and  the  radius 
ore  connected  to  studs  carried  by  brackets 

0  the  spring  beams. 

steam  cylinders  are  40  in.  diameter,  with  a 
of  8  ft.  6  in.    They  are  clothed  with  felt  and 

;any  lagging,  and  have  an  ornamental  packing 
round  them .  The  p  iston  rods  are  of  Bessemer 
i]  in.  diameter,  and  the  pistons  are  fitted 
metallic  packing.  The  valves  are  of  gun- 
of  the  double-beat  class  10  in.  diameter, 
re  worked  by  cams  keyed  upon  a  horizontal 
3eloW'the  fioor,  which  is  set  in  motion  from 
ink  shaft,  through  the  intervention  of  a  lay 
and  bevel  gearing.  The  steam  is  cut  ofi*  at 
)r  stroke.  The  air  pumps  arc  29  in.  diameter 
ft.  3  in.  stroke,  and  are  worked  by  rods  at- 

1  to  the  beams  midway  between  the  center  of 
rlinders  and  main  ceuters.  The  condensers 
)  in.  diameter  and  5  ft.  9  in.  high,  the  eduction 
being  led  into  the  top.  To  the  other  end  of 
)eam,  at  a  distance  of  4  ft.  from  the  main 
,  are  attached  three  rods  bracketed  together, 
work  respectively  two  6  in.  feed  pumps  and 

i  in.  cold  water  pump.  The  connecting  rods 
massive  oak  between  two  wrought  iron  straps 
>y  1|  in.,  with  }  in.  bolts  through,  and  fitted  at 
tnd  with  cast  blocks,  brasses,  gibs,  and  screw 
a.  They  are  27  fl.  6  in.  between  end  centers, 
le  coupled  to  the  beams  at  a  point  13  il.  4  in. 
it  in  a  straight  line  from  the  main  center.  The 
ends  are  coupled  to  cast  iron  cranks  6  ft.  2  in. 
',  the  crank  pins  being  of  hammered  iron, 
journals  6^  in.  long  and  5  in.  diameter,  The 
leel  is  20  ft.  diameter  and  nineteen  tona  weight; 
n,  which  is  8  in.  by  18  in.,  is  casted  in  one  piece, 
ims,  eight  in  number,  are  blocked  and  keyed 
tie  rim,  and  the  other  ends  are  turned  to  fit  holes 
center  boss  to  receive  them.  The  center  is 
and  keyed  on  the  shaft.  The  fiy^shait  has 
lis  18  in.  long  and  13  iu.  diameter.  The  seat 
)  wheel  is  14  in.  diameter.  The  blowing 
lert  are  86  in.  diameter,  ai4  same  stroke  as 


the  steam  cylinders,  viz  :  8  ft.  6  in.  Inlet  valves 
are  placed  iu  boxes  on  the  cylinder  covers  and  on 
grids  iu  the  cylinder  bases,  and  theur  combined  area 
at  one  end  of  the  cylinder  is  51  square  feet.  Out- 
let valves  are  placed  in  wrought  iron  boxes  at  top 
and  bottom  of  cylinders.  Their  area  at  one  end  is 
1.33  square  feet.  These  valves  are  made  of  two 
thicknesses  of  leather  sewn  together;  and  as  all  the 
iulet  and  outlet  openings  are  grated,  no  plates  or 
weights  are  required,  and  the  valves  answer  the 
piston  readily,  the  result  being  a  superior  blast. 
The  piston  rods  are  of  Bessemer  steel  6  in.  dia- 
meter. The  pistons  are  packed  with  cotton  gasket 
— which  when  set  hard  and  lubricated  with  black 
lead  is  found  to  work  satisfactorily — and  are  cast 
with  loose  segments  for  convenience  of  packing. 
The  blast  is  supplied  cold  to  five  Airnaces  at  a  pres- 
sure of  8^  lbs.  per  square  inch,  the  engines  running 
seventeen  strokes  per  minute,  with  a  steam  pressure 
of  35  lbs.  The  blast  is  delivered  from  cylinders 
into  wrought  boxes  at  top  and  bottom  of  cylinders, 
connected  by  a  3  ft.  wrought  iron  pipe,  and  thence 
through  a  conical  pipe  to  the  5  ft.  main,  which  sup- 
plies the  tuyeres.  There  ut  a  large  openmg  in  the 
engine-house  in  the  rear  of  the  blowing  cylinders 
louvre-boarded  to  admit  the  air  to  the  inlet  valves. 
The  cylinders  are  all  firmly  bedded  upon  stone 
foundations,  and  are  each  held  down  by  four  2{  in., 
bolts  passing  down  15  ft.  below  the  floor. 

The  engine-house  is  58  ft.  long,  25  ft.  vride,  and 
is  built  of  stone  and  brick,  the  walU  being  8  ft. 
thick.  The  engmes  are  supplied  with  steam  by  Ave 
Cornish  boilers  31  ft.  long  7  ft.  7  in.  diameter, 
each  with  two  3  ft.  flues  throuc^h,  and  are  fired  en- 
tirely by  the  waste  gases  Arom  one  furnace. — '*  The 
Engineer.** 

EcoNOMiziNa  Fuel  in  Blast-Furnacis. — After 
standing  for  more  than  six  months  for  al- 
terations, and  the  putting  down  of  new  machinery, 
the  Wingerworth  Furnaces,  near  Chesterfield,  are 
once  more  at  work.  Their  appearance,  however,  is 
very  difiereut  to  what  it  was  before  the  improve- 
ments to  which  we  are  about  to  allude  (pok  place. 
The  old  furnaces  gave  out  the  usual  smoke  and 
flame  from  the  top,  but  at  present,  on  passing,  it  is 
difiicult  to  say  whether  they  are  in  blast  or  not,  so  fVce 
are  they  from  the  usual  indications  one  looks  for. 
This  result  has  been  attained  by  taking  the  gas  from 
the  top,  and  utiliising  it  in  a  simple  yet  efficient 
manner.  To  effect  this  object,  new  boilers,  heat- 
ing-ovens, and  gas  apparatus,  have  been  put  down 
at  considerable  expense.  The  gas  is  conducted  by 
a  pipe  to  the  bottom  of  the  Airnace,  IVom  whence 
it  is  sent  into  the  boilers  and  heating-stoves,  and 
there  consumed  instead  of  coal.  The  blast  of  the 
fiirnace  is  heated  to  a  temperature  of  from  900®  to 
1000®,  without  the  use  of  any  coal  whatever.  The 
gas  is  taken  from  the  top  of  the  Aimace  by  a  pro- 
cess similar  in  many  respects  to  that  adopted  at 
some  of  the  works  in  the  North  of  England,  but 
somewhat  difierent  as  to  the  mode  of  conducting 
o^the  gases.  The  alterations  have  given  the  most 
satisfactory  results,  the  produce  of  iron  fVom  the 
same  quantity  of  ore  being  considerably  larger  than 
by  the  old  method,  whilst  the  quality  is  also  sup- 
erior. The  saving  in  ftiel — an  item  of  so  much 
importance — has  Unsn  something  enormous,  making 
a  diflference  of  many  tons  of  coal  per  week,  yet 
doing  the  work  more  efficiently.  The  alterationa 
and  improvemQnts  were  suggofted  by  lir.  GJera,  9f 
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Midd)ef;borougb,  luul  ftbljr  carriod  out  by  Mr.  MarAh. 
The  btkilcrs,  which  aie  arranged  for  being  worked 
by  gas  were  made  by  the  Parkgate  Company,  The 
cu»t  of  t}ie  aUcsrationa.  which  ia  considcniblc,  will 
800I1  be  repaid  b}'  the  grt*ut  saving  in  fuel,  and  the 
superior  quality  of  the  iron  produced.  From  the 
mauy  ail vaot ages  of  the  system  we  think  it  is 
worthy  of  the  consideration  of  iron  makeni  in  all 
parts  of  the  kingdom — ^uiore  especially  in  those 
districts  whore  coal  and  ooke  have  to  be  imported 
ftorn  a  diatance.^Jfiiiii«^  Journal. 


RAILWAY  NOTE& 

rPHK  RAiLWATa  o?  India. — A  great  deal  haa  been 
1  said  and  written  respectiug  the  completion  of 
the  Pacific  Railway  across  the  American  continent^ 
and  much  praise  tiaa  been  very  justly  bestowed  upon 
the  energy  of  the  American  character  which  ha* 
brought  the  work  to  its  present  position.  WUilCj 
however,  we  are  lavish  in  our  exprej^aions  of  admi- 
ration lor  the  great  quid i ties  which  have  thu»  been 
called  iuto  exlKtence,  we  ought  not  to  lose  sight  of 
the  still  greater  works  which  iiavc  beenaecomp1i»hed 
iu  India  J  in  ll*e  matter  of  railways,  A  vast  work 
has  been  carried  on  silently  and  unobtrusively,  and 
under  dilliculties  even  grealer  than  any  which  have 
been  exi>erienoed  in  regard  to  the  Pacific  Rail- 
road, and  we  claim  for  those  by  whom  these  great 
w^orks  have  been  achieved  some  share  of  that  admi- 
ration which  is  given  so  freely  and  so  fairly  to  our 
American  couiiins. 

The  Pacific  lincj  including  as  it  does  the  two  fsepa- 
rate  schemes  of  the  Union  Pacific  and  the  Central 
Pacific,  \»  about  1.700  miles  in  length.  Two  of  our 
leading  Indian  lines,  viz  ;  the  East  Indian  and  the 
Great  Indian  Peninsulai  at  present  in  work,  have  a 
joint  mileage  of  2,2SQ  miles,  and  when  completed 
it  will  be  2  J68  miles,  greater  by  more  than  oue-hulf 
of  the  whole  length  of  the  Pacific  road.  Like  the 
Pacifie,  these  lines  cross  our  Indian  empire  from  eant 
to  we«t,  and  connect  Boml>ay  and  Calcutta,  just  as  the 
Pacific  forms  the  connecting  link  between  San  Fran- 
ciiHJO  and^'cw  York.  By  means  of  the  East  Indian 
a  railway  connects  Calcutta  with  Dellii,  more  than 
1,000  miles  distant  from  each  other  {  In  the  sonth^ 
Madras  and  Bay  pore  are  connected  by  a  line  cro^s- 
ing  Southern  India;  Nagpore,  in  Central  India,  is 
connected  with  the  port  of  Bombay ;  by  me^ms  of 
the  flotilla  and  Punjaub  line,  Lahore  in  the  north- 
west, and  Kurrachce  in  the  Indus  are  brought  into  ^ 
direct  connection  with  each  other.  There  are  now 
actually  completed  and  at  work  in  India,  3.942 
miles  of  railway,  or  about  600  more  than  tlie  whole 
mileage  between  New  York  and  San  Francisco,  and 
there  remain  to  be  completed  of  lines  already 
sanctioned  1,666  miles.  This  great  extent  of  rail- 
way has  been  constructed  in  a  country  many  thou- 
sands of  miles  distant  from  England,  where,  with  a 
trifling  exception,  the  whole  of  the  capital  was 
provided.  For  the  construction  of  these  works 
there  wrts  required  to  be  shipped  from  this  country 
Jl  '  ^     rts  of  goods,  of  the  value  of  X23,262,000, 

s  K  conveyed  in  5,88^  ships.    In  America 
^^  .^:  ;  1*.     ^^  tjjjg  ^^  experienced.     The 

r  l,  was  enabled  to  CArry  the 

'  »     r I'd  for  the  construct  i o n .     The 

^vM»fked  Inim  an  alreadv  organized  base 
a  home;  the  materials  for  the  Indian 
'  lie  borne  onjr  thou»aads  of  rnUaa  of  a 


In  lx>th  came*  the  Gv*wiMfm  of  tei 
vahiahle  aid  to  tliegn«t  workm,     Tbtl 
Government  iit^u*^!  tK.-tT  t\  t-r^^ncl 
of  ahoat  £  m|iUital    bl 

the  Govern  I  _  r 

the  capital  rt^|uirv<l.  1  hii  1iii¥rnmiit  ti\ 
biiH  already  paid  as  inti  n  nl  rm  flm  C»||>iii1l 
a  total  of  £22,212,000.  Tbe  aAii>aai  itf  | 
aabistanoe  given  by  tbe  tTniiedS  Stst«ii 
although  large^  miuA  IiAw  bcMi 
than  that  paid  by  the  lodiaa  C 
amount  of  boula  issued  ttot  piittlly 
i;5,000,000  sterling.  Of  tho 
Gfjvemment  of  India  m  the  wlba^  of'i. 
intere^,  j^e,.^OU.OOU  haa  been  ahmAf  repiii 
the  earnings  of  the  railiwvym  over  aid  .  " 
guaiiinteed  interest.  Tbe  hajinm  b  t*  W  1 
out  of  the  half  surplus  pnoIlK  cnrvr  h  per  i 
judging  fVom  the  n^ulu  Alroady  ~ 
years  wilt  sufi^ce  to  clear  off  ihii  iBoai  iCi 
educas.  The  position  of  the  Uaitid  . 
emmf^nt  1$  by  no  mtsaoef  00  tiarofvlric^  mi 
that  the  amount  of  ihe  GoirenuBOii  T 
overlaid  by  the  bonda  of  ttie 
precede nou  of  tlic  Govi«nmiient  adva 

The  c^>nsiruction  of  ilw  Indtati  J 
sented  difilcultie«  of  a  much 
character  than  ih(>8(»  which  h^^e 
the  Pacific  line.  It  hi  tnie  ibit  tkto  1 
been  carried  over  mst  plaiua  < 
of  which  little  was  known,  and  ia  tlieCiSi 
attacks  of  hostile  ludinu  tribes.  In  IwUa,  1^1 
were  carried  out  in  the  face  ofdliBcBltfeiC 
with  tho  oppreBsive  heat  of  Uie  clli 
forests  and  jungles  whUih  vefe  Qm  1 
animal  A,  and  the  people  employed 
the  country,  speaking  a  laogiiftge  1 
by  whom  they  were  eiD  ployed,  and  ' 
and  modes  of  life  nufittf-d  thena  Ibr  l 


that  on  which   1 

-^f^  ^^H 

such  as  thistle  ot 

tUaadll^^H 

incltnr^  -  -      ■- 

L^lOpifi^^B 

than  11 

diifofii^^H 

MouuL...„ 

d  moK  ll^^H 

met  with   b*Hwt*en  C) 

SaaPn^^H 

been  successfully  bn«i 

f'l^etnn  i^^^l 

greatest  Irmmphs  of  )■. 

,,llHI  l^ffiH^^ 

While  congratuliiti 
attained,  so  far  fi- 

it   is  not  less  a 

nutkm  torn  If 

great  hax  been  th 

i  mdy  dcHftd^aM 

ways  in  India. 

siiier  thir  l^ig^^H 

in  traveling  froni 
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WM  also  proirkled.  Now  all  is  clianged,  or 
wyidly  undergoing  a  chaDge.  Brahmins,  too,  of 
UM  purest  bloody  travel  in  the  third-class  car- 
4a§B,  huddled  in  crowds  ^ith  the  most  wretched 
F«riah,  whose  very  presence  near  the  household 
TCof  would  in  former  times  be  regarded  as  the  most 
<Mdly  pollution.  Railways,  too,  have  been  of 
teneaae  service  in  encouraging  the  cultivation  of 
€Bltoii  and  other  produce,  in  the  working  of  iron 
■■d  coal  mines,  by  the  facilities  which  they  have 
■iliiiiliiil  for  bringing  the  produce  to  good  markets 
■■d  eoovenient  ports  for  shipment.  The  merchant 
ii  iiabled  by  means  of  the  railway  to  deal  directly 
with  the  cultivator  of  cotton  and  giain,  and  by  this 
■MBiia  increases  the  profits  on  their  mutual  trans- 

MtkMIS. 

For  the  carrying  on  of  the  traffic  upon  the  8,942 
■ifles  of  railway  in  India,  there  are  now  987  locomo- 
tivw,  2,788  passenger  carriages,  and  18,226  truclts 
•ud  wagons,  making  a  total  of  20,959  vehicles. 
yrom  the  able  report  of  Mr.  Julaud  Dauvers,  we 
lean  that  there  ^re  employed  on  the  railways  of 
Indin  not  lew  than  89,099  persons,  of  whom  86,048 
are  natives. 

The  entire  capital  of  £75,000,000  has  been  pro- 
Tided  by  68.846  proprietors  of  stock  and  debentures. 
girfaig  an  average  holding  of  about  £1,300  eachj 
and  atTording  to  them  an  investment  scarcely  less 
■ecare  sAd  much  more  remunerative  than  British 
GoTamment  stock.  The  capital  estimated  to  be 
laqulred  for  completing  the  railway  system  so  far  as 
k  b  at  present  sanctioned  is  £98,916,000.  Of  this 
■urn  authority  lias  been  given  to  raise  £84,886,000, 
and  the  amount  actually  raised  to  the  close  of  the 
last  anancial  year  was  £76,579,000.— itatiioay 
ilTsMr. 

EAiuu>AD  Froos. — There  is  no  portion  of  the 
permanent  way  of  a  railroad  subjected  to  harder 
wa^  than  that  part  of  it  where  f^ogs  are  placed,. 
for  the  purpose  of  ettecting  a  crossing  from  one 
tiack  to  another.  At  these  points  the  wear  and  tear 
Ii  always  more  than  double  that  of  the  ordinary 
Uack,  and  the  existence  of  a  frog  has,  at  the  best, 
been  a  precarious  one,  and  often  times  but  very 
abort  lived.  From  the  primitive  frog  made  from 
wrought  or  cast  iron,  we  advanced  to  frogs  with 
fasl-imn  bed  plates  plated  with  steel,  riveted 
or  bolted  on,  while  others  were  of  wrought -iron 
with  movable  wing  rails  and  steel  points.  Then 
there  were  frogs  made  entirely  of  cast  cast -steel  and 
BO  arranged  that  when  the  top  face  of  the  frog  was 
worn,  it  could  by  being  simply  overturned  be  made 
to  live  as  it  were,  a  double  life.  Each  frog  has  in 
Its  generation  been  considered  moie  economical  than 
Its  predecessor,  yet,  even  those  of  cast  cast-steel — 
probably  otferiug  greater  advantages  than  others 
preceding  them'-have  the  same  objection  as  all  cast 
IVogs  and  are  liable  to  crush  under  heavy  weights, 
or  break  with  concussion  or  when  subjected  to  the 
aflbcto  of  the  severe  winters  of  this  country. 

A  hammered  steel  frog  lately  patented  in  America 
bj  Meesrt.  Armstrong  &  Co.,  Steel  andiron  Works, 
Kotherham,  Yorkshire,  and  48  Exchange  Place,  M. 
T.,  appears  to  possess  advantages  in  strength  and 
dnrabllity  that  otiier  frogs  do  not  have,  and  the 
testimony  of  many  of  the  leading  engineers  in 
Enrupe,  where  the  tVog  has  been  in  use  for  three 
years  without  showing  the  slightest  wear,  leads  to 
the  brieve  that  it  is  the  best  frog  yet  introduced.    - 

The  ttogf  as  has  been  stated,  is   made   iVom 


hammered  crucible  cast-steel,  drawn  A-om  the  ingot 
without  a  weld.  It  is  reversible;  is  finished  in  tho 
planing  machine  and  is  perfectly  true  to  the  required 
angle.  It  will  neither  crush  nor  break  under  heavy 
weights,  nor  with  trainsrunning at  great  speed.  Its 
reliability  is  not  decrcaled  when  subjected  to  severe 
frosts,  and  being  of  hammered  metal,  its  elasticity 
prevents  the  rigidity  felt  in  running  over  all  cast 
crossings.  When  the  frog  has  fulfilled  its  first  pur- 
pose, the  metal  being  necessarily  a  good  mild  steel, 
to  bear  hammering  and  planing,  it  can  be  sold  for  a 
large  proportion  of  the  first  cost  or  can  be  converted 
into  forgings  or  rolled  into  sheets.  From  a  monetary 
point  of  view,  this  fh>g  is  more  economical  than  the 
ordinary  steel  tVog  cast  in  moulds  and,  apart  fh)m 
this  consideration,  its  durability  is  probably  more 
than  double  and  the  reliability  much  increased. 
These  frogs  are  also  made  non-reversible,  an 
arrangement  which  materially  reduces  their  first  cost 
without  decreasing  their  other  advantages. 

Messrs.  Armstrong  &,  Co.  have  al^  patented  a 
fVog  composed  of  a  cast  iron  bed  plate  with  a  work- 
ing face  of  cast  cast-steel.  This  steel  facing  is  not 
riveted  or  bolted  on,  but  in  the  process  of  manu- 
facture, the  two  metals  are  incorporated,  and  the 
frog  is  complete  in  one  casting.  In  praictioe  it  has 
been  found,  that  fh)gs  thus  made  arc  much  sounder 
than  the  ordinary  cast  cast-iron  frog  and  are  insured 
perfectly  free  from  blow-holes.  They  possess  the 
reconuuendation  of  being  low  pi  iced  and  durable.  C. 

RAILROAD  vi.  Railway. — A  correspondent  ofibrs 
the  following  considerations :  The  use  of  rail- 
vfay  for  railroiui  is  improper — the  English  speaking 
public  to  the  contrary,  notwithstanding.  The  ques- 
tion lies  in  the  appropriateness  of  iray  or  road. 
The  following  passage  IVom  Crabbers  Synonyms,  a 
book  of  tlie  best  authority,  will  help  us  in  our 
determination. 

**  Road  comes  no  doubt  fVom  rt<fe,  signifying  the 

place  where  one  rides.     M  ay  is  the  generic  term; 

it  is  the  path  which  a  person  chooses  at  pleasure  for 

himself. 

'  Ue  stood  in  the  gate,  and  asked  of  every  one 

Which  way  slie  took,  and  whither  she  was  gone.' 

Dryden. 
The  road  is  the  regular  and  beaten  way.'* 
Let  me  also  quote  fVom  Gray's  Synonyms,  page 
52 :  '<  Way  is  the  general  term,  and  road  is  the 
species  of  way.  LiMtead  of  keeping  the  high-road 
to  a  town,  you  may  frequently  go  a  shorter  way 
across  the  fields.'' 

When  we  Americans  coin  a  term  tliat  is  correct, 
we  should  not  give  it  up  and  use  another  because  it 
comes  from  EngUuid. 

COLOR  BlINDNKSS  AMD  RAILWAY  DISASTERS. — OnO 
cause  of  railroad  accidents  has  been  discovered 
in  England.  It  is  what  is  known  as  color  blindness. 
An  engineer  ran  his  train  into  another,  causing 
great  damage.  On  investigation  it  was  found  that 
he  could  not  distinguish  red  fVom  green,  and  had 
mistaken  the  signal  lights. — Exchange. 

We  have  an  excellent  way  of  avoiding  such  dis- 
asters in  America — not  having  any  signals  at  all. — 
Ed. 

BRIDGES  ON  THE  FACirio  RAILWAY.— Over  60  new 
bridges  to  replace  tem|>orary  bridges  on  the 
Union  Pacific  Railroad  liave  been  built  at  Chicago 
and  shipped  and  put  up  this  season,  and  now  ones 
will  bo  completed  over  the  whole  line  in  60  days. 
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EAiLWAT  GoNsoLiDATioH. — GoDsoUdatioD,  which 
for  a  few  years  past  has  been  the  leading  feature 
in  raiiwity  strategy,  is  now  operative  upon  the 
grundciiit  scale.  The  Pacific  route  has  given  a  fresh 
ijupctui^  to  the  plans  by  wluch  ''  through  business'' 
can  be  Hicilitated  and  opposition  set  aside. 

The  recent  combination  of  the  roads  between 
Boston  and  Albany  under  one  direction,  the  plan 
nuw  miuaring  for  uniting  all  the  lines,  finished  or 
iiuliiii^bed,  from  Boston  to  Oswego,  the  union  of  the 
Laku  Shore  and  the  Cleveland  and  Toledo  com- 
punrea,  the  successive  purchases  and  consolidations 
of  Ht^xk  by  which  the  Chicago  and  Northwestern, 
and  ilie  Milwaukee  atul  St.  Paul  railroad  companies 
have  grown  to  their  present  importance,  are  all  ex- 
amples of  the  rapidity  with  which  the  idea  is  gain- 
ing ground.  These  consolidations  have  practically 
enabled  two  great  companies  to  control  all  transpor- 
tutioD  cm  the  great  middle  link,  t.  e.,  between  Chic- 
ago aud  Omaha. 

It  ut  farther  proposed  to  unite  in  one  company 
aud  under  one  management  a  continuous  line  of 
railway  from  New  York  to  Omaha.  This  proposed 
ourpor'iLtion  is  to  hold  and  administer  the  property 
Rod  Trauchises  now  Iieid  by  the  Hudson  River,  the 
Hbw  York  Central,  the  Buffalo  and  Erie,  the  Lake 
Shore  ajid  Cleveland  and  Toledo,  the  Michigan 
Soutbern,  and  the  Chicago  and  Northwestern  Rail- 
wtmdiij  Including  2,480  miles  of  completed  and 
equipped  railway.  Tlie  gross  income  of  these  com- 
pauiejf  for  last  year  was  $44,820,898. 

The  Pennsylvania  Railroad  Company  leases  the 
road  of  the  Pittsbugh,  Fort  Wayne,  and  Chicago 
Railway,  with  all  its  branches,  for  999  years,  com- 
meucitig  July  1,  1869.  By  the  terms  of  the  lease, 
tlie  former  company  agrees  to  pay  the  interest  on 
the  dL^bt  of  the  latter,  and  in  addition  thereto  the 
Bum  of  $1,880,000  per  annum  as  rent  for  the  prop- 
erly. Tbe  capital  of  the  Fort  Wayne  Company  is 
$n,&00  000;  conseiiuently  the  sum  of  $1,880,000, 
naiaed  as  the  annual  rent,  is  12  per  cent  on  the 
eapiUK  The  directors  of  the  P.,  F.  W.  &  C.  pro- 
pone to  increase  the  amount  of  their  stock,  making 
the  antiual  rent  7  percent  on  the  capital  as  increas- 
ed. Tb*i  P.,  F.  W.  &  C.  is  itself  a  consolidation 
of  ihtix  original  companies,  whose  lines  coi\joiutly 
connect^'d  Pittsburgh  and  Chicago.  It  became  in- 
Totved  tn  debt,  and  in  1861  was  sold  under  forc- 
doHure,  the  present  compajoy  becoming  the  purchas- 
ers in  18(52.  This  is  but  one  step  in  the  purpose  of 
the  FeriD^ylvania  Railroad  Company,  but  all  reports 
as  to  other  consolidations  liave  no  authority. — 
jSvttri€aa  Exchange  and  Review > 

TunmsH  Railways. — In  view  of  the  great  expan- 
sion of  commerce  which  tbe  Suez  canal  and  the 
Turkiub  railways  will  create  in  the  empire,  it  is 
proposed  J  among  other  works  of  magnitude,  to 
make  spacious  harbors  for  the  chief  seaports,  sudii  as 
CouBtaDiinople— which  is  totally  without  accommo- 
dation of  this  kind — Salonica,  etc.  As  regards 
Turkish  railways,  the  nearest  connecting  point  with 
Atifltria  will  now  bo  Sissek,  and  not  Brod,  as  form- 
e.r\j.  Here  the  junction  with  the  Southern  line 
will  be  i^ected,  and  by  this  means  the  route  to 
Trje;it<»  and  Fiume,  as  also  to  Vienna  and  South 
Gertuikny,  tid  Northern  Italy,  to  Stmthcra  France, 
will  hG  Accomplished.  In  the  other  direction  the 
Statt?  Unilway  from  Gross  Kikinda  to  Belgrade  will 
It  couHtr acted,  and  thenco  be  connected  with  the 
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Mr.  De  Bergue,  ha« 
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relatively  to  the  she 
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the  measurement  bj 
that  obtained  by 
wheel,  was  found  ia 
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WOODCH  Whiels. — ^Manaell's  patent  wheels  for 
railway  cmrriages  are  fast  coming  iuto  general 
«M.  They  have  already  been  adopted  by  the  Lion- 
doB  aad  North- Western,  Great  Western,  MidUnd, 
Great  Northern,  Great  Eastern,  Metropolitan,  and 
English  lines,  and  the  Imperial  Government 
I  sanctioned  their  adoption  on  all  the  railways  of 
It  may  not  be  generally  known  that  Man- 
■ell's  original  patent  was  for  securing  the  tire  to  the 
wheel  by  retaining  rmgs,  the  fillets  of  which  are 
tomed  to  fit  into  corresponding  grooves  in  the  tires. 
The  whole  is  secured  by  nuts  and  bolts.  Between 
the  tire  and  the  boss,  spokes  are  dispensed  with  by 
the  insertion  of  stout  close-tltting  panels  of  East 
India  teak  wood,  the  oily  nature  of  which  preserves 
from  oxidation  the  iron  passing  through  it.  For 
this  purpose  teak  is  superior  to  any  other  wood  and 
it  has  further  the  advantage  of  never  shrink- 
ing. The  superiority  of  these  wheels  over  iron 
ones  is  well  known  to  all  observant  travelers,  their 
qieeial  merits  being  absence  of  jarring,  and  also  of 
noise. — The  Engineer, 

I  BOH  Tubes  for  BoiLERS.^There  are  many  lines 
of  railway  on  which  iron  tubes  are  found  to  answer 
as  well  as  brass,  if  indeed,  they  do  not  answer  better. 
We  believe  iron  tubes  are  very  largely  used  on  the 
Lancashire  and  Yorkshire  Railway,  and  wilh  good 
race  ess.  A  single  Birmingham  house  might  be 
mentioned  which  has  turned  out  560  tons  and  up- 
wards of  iron  tubes  a  month,  und  of  these  as  many 
aa  10,600  have  been  for  locomotives,  corresponding 
to  perhaps  sixty  locomotives  in  number,  although 
it  is  not  to  be  supposed  that  a  single  house  has  gone 
on  at  the  same  rate  for  a  year  together,  iron  tubing, 
in  that  time,  as  many  as  seven  hundred  or  more 
locumoti  ves . — Engineering. 

DunxBiLiTT  or  English  Locomotives. — The  life 
of  a  locomotive  boiler  has  been  found  to  be 
about  860,000  train  miles,  but  this  may  probably  on 
some  lines  go  up  to  400,000,  or  even  600,000  miles, 
aa  its  wear  and  tear  would  depend  greatly  on  local 
circumstances,  and  particuUrly  on  the  chemical 
qualities  of  the  water  employed.  Assuming  that 
tbu  life  of  the  engine  is  determined  by  the  endur- 
ance of  the  boiler,  and  that  if,  under  favorable  cir- 
cumstances, it  will  last  the  600,000  miles,  then  dur- 
ing that  time  the  fire-box  will  probably  require  to 
be  renewed  at  least  three  times,  the  tires  of  the 
wheels  five  or  perhaps  six  tiroes,  the  crank  axles 
three  or  four  times,  and  tlie  tubes  probably  from 
■even  to  ten  times. — Herepaih^e  Railway  Journal. 

AKOTHEB  Alpine  Railway. — Mr.  Thomas  Bras- 
sey,  the  railway  contractor,  has  juMt  completed 
his  tour  of  inspection  over  the  projected  new  rail- 
way from  lunspruck,  via  Feldkirch,  to  the  Boden- 
■ee,  and  that  his  opinion  seems  to  incline  in  favor 
of  the  improved  Fell  system  over  the  Arl  mountain. 
Instead  of  tunneling  through  it.  We  trust,  how- 
ever, for  the  sake  of  the  shareholders,  that  there 
it  no  foundation  in  the  report.  Our  own  opinion 
of  the  Fell  s}'stem  is  well  known. — Neue  Freie 
Presse. 

CAB  LocKiNQ  iM  Ekolamd. — Mr.  Bentinck  in 
about  to  brhig  under  the  notice  of  the  Uouse  of 
Commons  the  practice  adopted  by  railway  com- 
panies of  barring  the  windows  and  locking  the  doors 
of  paasenger  carriages. 
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A  Treatise  on  the  Art  or  Constructino 
Oblique  Arches  with  Spiral  Courses.  By 
Wm.  Donaldson,  M.  A.  Cant..  Assoc.  Inst.  C.  E. 
London:  E.  and  F.  N.  Spon,  Charing-cross.  For 
sale  by  D.  Van  Nostraud*  New  York. 

The  importance  of  works  the  object  of  which  is 
to  enable  the  practical  man  to  proceed  with  mathe- 
matical accuracy  in  his  business,  without  requiring 
to  undertake  the  labor  of  studying  pure  mathe- 
matics, is  more  extensively  acknowledged  every 
day ;  whilst  the  continually  increasing  attention  paid 
to  technical  knowledge  by  business  men  enables 
strictly  scientific  men  to  attbrd  them  the  necessary 
theoretical  aid  with  far  greater  facility  than  for- 
merly. A  very  valuable  treatise  of  the  technical 
science  class  has  just  been  issued  by  Mr.  Donaldson, 
and  will,  doubtless,  find  a  large  number  of  patrons. 
The  object  of  the  author  hM  been  to  arrive  at  a 
series  of  formulie  which  would  give  the  data  neces- 
sary for  the  construction  of  oblique  arches,  without 
having  recourse  to  any  developments  on  a  large 
scale,  or  which  require  skill  in  draughtsmanship. — 
Ue  commences  by  explaining  and  demonstrating  the 
properties  of  screw  surfaces,  and  then  proceed  to 
investigate  the  stability  of  oblique  bridges,  basing 
his  investigations  upon  the  assumptions— firstly, 
that  the  material  can  resist  any  pressure  that  can 
be  put  upon  it ;  and,  secondly,  that  for  perfect  se- 
curity no  force  of  shearing  must  be  exerted  upon 
any  of  the  voussoirs.  Ilu  explains  that  the  forces 
acting  on  a  voussoir  are  its  own  weight,  a  portion 
of  the  weight  passing  over  the  bridge,  and  the 
pressures  on  its  beds.  No  force  is  exerted  on  the 
ends  of  a  voussoir  ;  in  oblique  bridges  it  is  kept  in 
its  place  by  the  friction  on  the  beds.  If  there  were 
no  backing  these  forces  must  be  in  equilibrium  ; 
this  is  never  the  case  where  the  live  load  is  variable ; 
they  must,  therefore,  have  a  definite  resultant. — 
We  may  resolve  these  pressures  in  three  direc- 
tions— vertical,  parallel  to  the  axis,  and  perpendicu- 
lar to  these  two  ;  the  resultant  of  the  vertical  com- 
ponents will  bo  eqal  and  opposite  to  the  weight  of 
the  voubsoir  and  the  weight  ui>on  it,  and  in  order 
that  the  horizontal  components  may  satisfy  the  con- 
dition for  periect  safety,  their  resultants  must  fall 
within  the  springing  nearest  to  the  bed  to  which 
they  refer,  so  as  to  meet  the  material  with  which 
the  bridge  is  backed  up  ;  also,  since  the  pressures 
between  the  voussoir  beds  are  mutual,  the  horiiontal  * 
resultant  of  each  pairmu»t  pass  within  each  spring- 
ing. Ue  explains  that  the  pressure  at  any  point  of 
a  voussoir  bed  will  act  in  the  direction  of  a  normal 
to  the  surface  at  that  point,  and  will,  therefore,  lie 
in  the  normal  plane  to  the  screw  line  passing  through 
that  point,  and  will  also  be  perpendicular  to  the 
revolving  radius;  and,  therefore,  its  line  of  direc- 
tion will  be  the  line  of  intersection  of  the  above 
normal  plane,  and  a  plane  through  that  point  per- 
pendicular to  the  radius — the  pressure  at  every 
point  along  this  radius  may  be  assumed  to  be  the 
same.  Uaving  disposed  of  the  question  of  the  sta- 
bility of  oblique  arches,  Mr.  Donaldson  treats  of  the 
formation  of  templates.  All  the  formulie  previously 
proved  are  collected  together  and  their  use  explained, 
by  working  out  the  details  of  a  bridge,  an  angle  of 
forty-five  degrees  being  chosen,  because  an  instance 
in  which  the  skew  is  very  great  gives  the  best  illus- 
tration of  the  errors  introduced  by  the  approximate 
methods  uped.    Throughout  the  book  Mr.  Donald- 
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80D  di»plfty8  not  only  an  iutitimte  knowledge  of  the 
fiubjt^ct  on  which  he  writes,  but  also  a  great  ability 
in  impttttiug  that  knowledge  to  otherii.  The  work 
U  strictly  uiathemnticul;  but  a  knowledgi?  of  loga- 
rithms uuly^  and  thin  mu/  be  acquired  in  five  min- 
utes by  those  who  do  nut  alreudy  possess  it,  will 
sutiice  for  the  practical  applicntion  of  the  formulae. 

Souirn.  By  John  Ttj(»all,  LX.  D.,  F.  R.  S-. 
Frofesaor  of  Natural  Philosaphy  in  the  Koyal 
Institution  of  Great  Britain.  Secoud  Edition. 
Lougmana,  1867 »  For  sale  by  D.  Van  Kostrand, 
H&w  York, 

That  this  book  should  have  reached  a  second 
edUioQ  so  Hoon  atter  its  appearance^  does  not  tsur- 
prise  us;  for  even  to  unscieutitic  and  nnmatbe- 
inatical  readers  the  abstruse  ^subjects  connected 
with  natural  philosophy  become  not  only  iuleUi- 
gible,  but  fascinatiug  in  the  hands  of  Professor 
Tyndall-  Since  the  death  of  Faraday^  Tyndall 
Las  no  rival  as  a  master  of  experimental  science, 
but  even  Faraday  waa  not  able  to  set  forth  bis 
philosophy  in  the  same  picturesque  and  chftrming 
style  as  his  sueceasor.  At  once  profound  and 
popular,  elaborate  yet  simple,  abounding  with 
beautiful  illustrations,  curious  truths,  and  strik- 
ing descriptions,  these  lectures  are  in  the  deepest 
sense  iusiructivef  and  in  ibe  highest  degree  enter- 
iaiuing.  The  work  has  not  only  excited  the  atten- 
tion ol  ihe  scientilic  world  geuerully,  but  has  won 
admiration  Ironi  all  quarters.  Besides  the  Matter- 
iug  reception  it  has  met  with  in  this  country,  the 
book  has  been  republished  in  America,  flfhile  edi- 
tions of  it  have  appeared  iu  France  and  Germany. 

The  readers  of  these  lectures  mnst  neeestMLrily 
labor  under  no  small  disadvantage  as  compared 
with  those  who  heard  thtm  delivered  and  witnessed 
the  beautiful  experimt'tili  by  which  the  subject 
received  elucidation.  But  this  drawback  not  with  * 
standing,  the  reader  will  still  find  it  a  delighcrul 
task  to  Jollow  Professor  Tyndall  through  his  curi- 
ous labyrinth  of  reasoning  and  experiuieut  in  these 
pages.  As  he  himself  tells  us,  the  true  jihysicul 
philosopher  never  rests  content  with  au  inference 
when  an  experiment  to  verify  or  contravene  it  is 
posHible.  Accordingly,  the  science  of  acoustics  is 
here  treated  experimentally  throughout,  and^  the 
lecturer  has  endeavored  so  to  place  each  experi- 
ment before  the  reader  that  he  may  almost  realize 
it  as  an  actual  operation.  No  fewer  than  169 
¥  illuatrations  of  experiments  accompany  the  text. 
lu  a  word,  to  give  distinct  images  of  the  irarious 
phenomena  of  sound,  and  to  cause  them  to  be  seen 
mentally  lu  their  true  relations,  has  been  Pro- 
fessor TyudalFs  task.  He  has  not  only  succeeded^ 
but  has  given  the  world  by  far  the  most  complete 
jLDd  valuable  contribution  to  the  science  and  lite- 
rature of  acoustics  that  has  appeared. — The  Build* 
ing  Newg. 

WRovauT  iRon  Beid<jk»  ahi>  Roofs.     By  W, 
Cawthoenk  Ukwix,  B.  Sc,  C.  E.    Londom 

Spon,  18G9.     For  sale  by  Van  Nostrand. 

This  volume  contains  a  series  of  lectures  de- 
livered at  the  Royul  Engineer  Establishment,  Chat- 
hnm  t.>  f).„  '  »*'  rs  of  the  Royal  Engineers  under 
^<J^'  md  they  were  afterwards  printed 

•^  ;       ;  f  establishment  for  private  eircu- 

Ulioii.  That  iht-y  proved  unefid  to  those  for  whom 
they  were  originally  intended  we  have  no  doubt, 
Ami  they  arc  now  ofl'ered  in  a  revised  and  re- 
•rraogod  form  to  a  wider  circle  of  readers.     The 


rsftte 


author  assisted  Mr.  ITilllam  F.(irS«jrti  It 

his  many  researches,  ;!^ 

him.    It  is  illustrated  '  {  t^ 

lati on  of  stress  in  girders  iuui  lu^d  uamK^lFj 

and  algebraic  methods.     The  auittbir 

the  use  of  symbol  k 

and  the  work  h<iM  rite  jima  I 

practical  and  theoii^..^^.  .m^^..^^, — mMtf. 

TRAiri  OK  TEX^LOITATIOX  DSS  MmBiiiii 
etc.,  etc.     Pak  A.  T.  FonMis,  Info^rarc 
2Dd  Edit,  by  Jvlks  Pojrisoir.     Li^ge  ami  PUna  { 
vols,  and  Atlas, 

This  able  and  complete  work  on  c<mI*i 
been  somewhat  improved  JD  this  itai 
It  is  a  tolerably  exiiauiitive  treialiaeffi 
plaint  of  view  of  its  entire  sulriectt  &■ 
ever,  than  one  or  two  Frcoch  waria  e«i  tlvflM 
which  we  have  ere  now  n^vi»?w4?<l  in  i 

in  one  of  its  most  iui 
tioDS,  that  on  shal\-sir,  igJi 

strata  of  running  avid  unu   luutl^wB 
surprise  the  absence  of  any  ootioo  oC  t 
most  ingenious  and  edeciive  coutnT&aen  llrtim 
advanced  this  part  of  the  pi  <rt:  i^HM 

is  the  more  remarkable,  u:  *  of  <  ' 

close  to  Belgium  as  to  Ixf  a^Uti^wt  Kb 
Atlas  of  Plates  published  along  with  Ike  i 
which  is  all  we  have  as  yet  received,  is  i 
ted,  and  the  details,  both  em  to  coal  foi 
the  tools  etc.  for  working  oo*l  eiear 
Fraciicai  Meckanicr^  Jmaimi* 

TSAITE  PRATiaCK  nK  1 
TATiojf  nss  Ca&in  n 

LEEt,  Ing.  etc.      8V0.       liauiry,    jr\wri"      trt*n. 

This  able  systematic  work  upontiiei 
and  working  of  railways,  the  two  fiua 
which  we  reviewed  a  good  'whll#  a^ 
reached  its  third  and  fourth,  or  o«»nd<ril^gi 
The  two  first,  it  will  be  rei>jUrciedy  twHid  «ril* 
material  and  persofuul  of  railways;  nov  vt  hm 
their  keeping  in  repair  and  makiag  goal  «a  if 
them  systematized  and  treated  «f  wlUi  danfli 
and  great  practical  ability. 

The  work  ought  to  be  a  t^ds  wuitmm  io  ffVH^ 
chief   servant  in  ibe  employ  of  ertTf  nOaw  h 
Great  Briuin,  or  at  leajit  all  aucfa  w^M  |iM  I 
Its  study;   hut  for  this  a  tranalatimi  la 
must  be  had,  and  we  see  on  the  title 'fuigv  I 
rhtrve** — Practical  Mtckanict*  Jtfuraaf 


TQE   DlSlKFKCTAirT  QcTS#TtO|f.       LoodOS  : 
qnodale&Co.    1869.    For  sale  hrTufrl 

Who  shall  review  the  re^ 
arises  to  us  because  the  litt;  »  ii  * 

reprint  of  a  review  published  lu  a  jonniAirifkdlW 
**  Sanitary  Record,"  uji^m  a  book  oodiiliftglMg 
recently  written  by  Dr,  Angus  S mi tli^  Tb*'*^ 
is  virtiially  a  defense  of  Condy's  di»tef<ct4Bf  INi  m 
against  McDougairs  powder,  which  thr  W3W«7»« 
was  partly  invented  by  Dr-  A.  Srt^  '^mf^ 

fore  likely  enough  to  speak  w»-ll  iot'* 

like  the  tone  or  temper  of  tl;  toi  wtwo^ 

confess  that  our  experience  i  hiw  •!>••* 

faith  in  the  value  «»f  Tieriu»ii|c«»*w  of  9^*^ 
whether  it  be  sold  by  Mr.  CoodjmV^  «  •  * 
must  valuable  flisi life -.taiit  .LDddaodorlaar  aifi*!** 
used  in  extn  i  ititio  as  a  gan^,  ftjj 

oneof  the  b« >  ca»» of  !*¥» I4*«rt ^ 

quinsey.     Mr.  Condy  did  not  disoo'vvr  tkr  1 
ganate's,  but  he  haa  oortalnlf  1 


F«rtkr|««»| 

Jl 
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Incing  them  into  sanitary  use.    His  '* fluids''  | 
Montiallj  permanganates,  and  they  are  sold  in  a  | 
^-  convenient  form  and  at  a  cheaper  price  than 
A0J  OMi  be  obuined  fVum  the  chemist.     This  Tact  | 
M«j  in  some  measure  justify  the  writer's  severe 
Mnctness  on  the  shir  which  Dr.  Smith  has  cast  on 
'^Condy's  UnidJ '—Scientific  Opinion. 

A  PRACTICAL  TrBATISE  OX  MiLL-GeARIXO, 
Wbbcls,  Shafts,  KiuoekSi  &c.,  for  tuk  Use 
OF  ExoiNSERS.  By  Thomas  Box.  London :  £.  and 
F.  M.  Spon.    for  sale  by  Van  Nostrand. 

All  those  of  our  readers  who  possessed  of  Mr. 
Box's  '*  Practical  Hydraulics  "  and  "  Treatise  on 
Hotti "  (and  no  engineor  should  be  without  those 
luuidy  little  volumes)  will  gladly  note  the  publica- 
tioo  of  the  work  before  us.  Mr.  Box's  books  are 
wfaftt  tbey  profess  to  be,  practical  treatises  clearly 
written  and  free  from  all  abstruse  mathematical 
formuUB  ;  while  they  are,  moreover,  got  up  in  good 
a^le,  and  are  of  a  convenient  size  for  reference. — 
The  third  of  the  series  (at  least  we  hope  that  there 
is  to  be  a  series),  bearing  the  title  at  the  head  of 
the  present  notice  is  in  no  way  inferior  to  those 
which  have  preceded  it.  It  contains,  within  the 
■pAoe  of  some  eighty  odd  octavo  pages,  five  cbap- 
ten,  treating  respectively  of  the  standard  unit  of 
power,  of  wheels,  of  shafts,  of  riggers,  and  of  keys 
fiyr  wheels  and  riggers  ;  the  work  being  concluded 
by  AH  Appendix.  In  the  chapter  on  wheels,  Mr. 
Box  gives  rules  for  laying  out  and  calculating  the 
strength  of  teeth,  as  well  as  for  proportioning  the 
wheels  themselves,  these  rules  being  accompanied 
bj  nwnerous  tables,  which  materially  facilitate  cal- 
ciiUtioD.  Similarly  the  chapter  on  shafts  com- 
prises mles  for  calculating  the  transmitting  power 
of  shafts  under  different  conditions,  together  with 
descriptions  of  various  methods  of  coupling,  useful 
notes  oo  plummer  blocks,  bearings,  &c.,  and  a  sec- 
tion devoted  to  the  consideration  of  crank  shafts  for 
driving  pumps  and  other  work.  The  chapter  on 
riggers  or  pulleys  contains  a  clear  explanation  of 
the  action  of  belts  accompanied  by  some  useful 
tables,  and  also  rules  for  the  proportion  of  riggers 
of  various  kinds ;  while  the  fifth  chapter,  though 
brief,  is  ftqnally  good  in  its  way.  Finally,  the  Ap- 
peodix  contaiu  notes  on  the  contraction  of  wheels 
in  casting,  the  strength  'of  shafts  and  gearing  for 
screw  propellers,  and  the  theoretical  strength  of 
shafts. 

We  have  now  briefly  indicated  the  contents  of 
Mr.  Box's  useful  little  treatise,  and  we  trust  we 
have  said  enough  to  show  that  it  forms  a  valuable 
sddition  to  the  practical  engineer* s  library. — Engi* 

TBI   Haxdbook  of    Iron    SmpBuiLDiifa.    By 
Thomas  Smith,  M.  I.  N.  A.    London :  £.  and 
F.  N.  Spon. 

It  is,  unfortunately,  seldom  that  we  flnd  men 
eminent  in  their  profession  willing  to  benefit  the 
public  by  their  knowledge  which  has  been  acquired 
during  many  years  of  varied  experience.  It  is, 
faideed,  too  generally  the  fact  that  such  knowledge 
is  Jealously  guarded  by  them,  and  the  only  method 
try  which  any  one  can  acquire  it,  is  to  undergo  sim* 
iUr  training,  and,  by  picking  up  a  ''wrinkle'^ 
ovory  now  and  then,  gradually  to  become  profi- 
cient. In  this  case,  however,  the  author,  with  a 
generous  independence  that  cannot  be  too  highly 
praised,  and  which  evidently  arises  out  of  a  cer- 
tafai  consciousness  of  superiority  in  his  profession, 


has  given  to  the  public  a  large  amount  of  exceed- 
ingly useful  information  which  has  hitherto  been 
most  religiously  kept  secret.  Although  this  work 
is  but  small,  it  ap]>ears  to  teach  everything  that 
is  requisite  for  building  an  iron  vessel;  not  only 
giving  dimensions  and  a  full  textual  explanation 
of  every  part  of  a  ship,  from  the  keel  to  the  fram- 
ing of  the  hatches,  but  illustrating  such  of  these 
explanations  as  may  require  it,  by  simple  draw- 
ings that  it  is  impossible  to  misunderstand. 

In  the  second  part  of  the  work,  besides  tables 
of  weights  and  results  of  experiments  upon  the 
strength  of  ships'  beams,  a  vast  amount  of  infor- 
mation is  given  as  to  the  cost  of  vessels  of  various 
sizes,  both  as  regards  material  and  wages,  every 
detail,  even  to  the  fitting  up  berths,  being  priced 
separately.  The  author  has  foreseen  an  objection 
that  might  be  urged  against  the  usefulness  of  giv- 
ing prices — vis :  that  the  price  of  labor  varies  con- 
siderably in  diflerent  districts — by  giving  exam- 
ples of  the  cost  of  labor  on  an  iron  vessel,  not  only 
in  London,  but  also  on  the  East  coast,  at  Liver- 
pool and  on  the  Clyde;  thus  making  this  portion 
of  the  work  equally  useful  for  all  parts  of  the 
country.  From  what  we  have  said,  it  will  bo 
seen  that  we  esteem  this  book  very  highly,  and 
consequently  we  strongly  recommend  it  to  all 
shipowners,  shipbuilders,  inspectors,  shipmasters, 
foremen,  and  all  who  wish  to  know  how  a  ship 
ought  to  be  built  or  what  it  ought  to  cost. — The 
jSrtiean, 

DER  Practischb  Masghinen  Coxstrvcteur. — 
A  German  periodical  for  builders  of  machines, 
engineers  and  manufacturers,  edited  by  Wilhelm 
Heinrich  Uhland,  engineer  and  director  of  the 
Technical  Institute  at  Frankenberg-Cbenmitz,  in 
Saxony.  This  excellent  periodical  which  has  en- 
tered its  second  year,  occupies  itself  principally  and 
almost  exclusively  with  the  design  and  construction 
of  machines  of  every  description.  It  appears  twice 
a  month.  Every  number  contains  two  large  cartoons 
printed  on  both  sides,  with  beautiful  partly  colored 
drawings  of  machinery  of  the  best  and  newest  con- 
struction, general  plans  as  well  as  f\iU  and  explicit 
details,  so  that  no  manufacturer  or  engineer  of  some 
experience  will  find  any  difficulty  in  making  direct 
practical  use  of  them.  The  whole  character  of  this 
periodical  is,  in  general,  eminently  practical,  ab- 
staining from  all  theoretical  speculations,  and  |>lainly 
showing  the  way  certain  kinds  of  machinery 
or  certain  parts  of  machines  have  to  be  constructed 
and  to  be  put  in  place  to  give  com|>lete  satisfaction 
to  makers  and  uses.  As  but  very  few  papers  of  this 
character  exist,  and  as  the  '*  Maschinen  Construc- 
teur  "  fills  its  task  perfectly  and  steadily,  we  do  not 
wonder  that,  in  spite  of  the  short  time  of  its  exist- 
ence, this  paper  has  already  acquired  a  vast  circula- 
tion in  all  industrial  countries.  Constructors,  engi- 
neers and  manufacturers,  even  when  they  are  not 
acquaint4.Kl  with  the  German  language,  will  find  tho 
various  drawings  of  a  high  value. 

WHAT  IS  Matter?  By  Ar  Iscner  Tkmplar. 
London:  Wyman&Sons.  18(>9.  The  author 
of  this  work  tries  to  answer  a  question  on  which,  as 
we  have  no  testimony  of  a  crucial  nature,  it  is 
absolutely  impomible  to  decide.  Whether  the 
substratum  of  phenonuina  be  regarded  as  either 
force  or  matter  is  really  of  no  consequence.  In 
either  case  when  wx*  go  beyond  the  mere  phenome- 
non—the mere  sensual  perception— we  get  into  the 
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population.  They  propose,  likewise,  the  creation  of 
offices  of  deposit,  every  letter-box  and  every  pillar- 
box  being  such  an  office,  where  messages  will  be 
received  and  sent  to  the  telegraph  office  to  be  for- 
warded  to  their  destination.    The  wires  are  to  be 


:  his  moBument,  look  around  you."  Thus  it  is 
with  John  A.  Roebling;  his  works  are  an  imperish- 
Me  monument  to  his  memory — Engineering  and 
MUing  Jowmal. 

Turn  Great  Eastern.— When  the  emifcnt  engi-  '.brought  into  the  money  order  office  in  every  town 
neer,   Brunei,   built  the  Great  Ea^«rn,  he  |  ^^^  district,  thereby  bringing  the  telegraph  into  the 


neer,  Brunei,  built  the  Great  Eal^ 
expected  to  begin  a  new  era  in  commerce.  He  i 
■tpposed  his  vessel  would  carry  freight  and  pas- 
KOgen  cheaper  and  more  expeditiously  and  com- 
fortably than  other  vessels,  and  that  he  should 
work  a  revolution  in  shipbuilding  and  trade.  Her 
Toyage  to  New  York  was  a  failure.    She 


center  of  a  population,  instead  of  its  remaining,  i 
it  frequently  does  at  present,  in  the  outskirts.  And 
they  contemplate  extending  in  many  places  the 
number  of  hours  during  which  the  telegraph  will  be 
accessible  to  the  public.    It  is  proposed  also  to  have 

_    -^^-c-     -   .      one  uniform  taritt"  of  Is.  for  20  words.     The  basis 

emed  to  be  an  utter  failure,  and  good  for  noth-  i  ^^'  ^^^  agreement  entered  into,  under  an  act  passed 
ing.  Poor  Brunei  died  of  chagrin  and  disappomt-  1 1^^^  y^^^ ^  ^^  ^^  transfer  of  the  lines  to  the  Govem- 
ment. — Exchange.  '  inent,  was  that  a  sum  amounting  to  twenty  years' 

This  is  a  specimen  of  the  information  given  to  |  purchase  of  the  net  profits  of  the  various  telegraph 
the  public  about  this  wonderful  ship,  by  commer- ,  j.^,njpajjijjg  ^p  ^^e  SOth  of  June  of  hist  year  should. 
cial  newspapers.  Brunei  conceived  the  idea  ofj^  ^^  ^  ^^q  proprietors  of  those  undertakings. 
Uie  Great  Eastern,  and  arranged  her  double  pro-  ,  q^  ^^^^  ^asis  the  amount  to  be  paid  to  the  compa- 
jwUing  power,  but  he  did  not  build  her,  nor  did  jj|jjg  |g  ^^^^  $28,600,000  gold,  but  other  expenses 
he.  in  a  naval  architectural  sense,  design  her.  |  ^.m  g^^n  ^i^g  ^^,^^1  cost  to  $83,600,000.  It  is 
This  was  Scott  Russell's  work.  That  she  will  i  ^ ^p^^j^^  ^h^t  the  lines  will  yield  a  oross  revenue 
cany  freight  100  per  cent  more  cheaply  than '(^^^  up^miggoo^QOO^  and  the  expenditure  will  be 
smaller  vessels,  when  ftiUy  loaded,  is  not  ques-  L^^^rly  $2,000,000,  showing  about  $1,600,000  net 
ikmed  by  experts,  and  has  in  fact  been  demon-  pQj|^_^^^Q^g^^  t^j  pay  the  interest  upon  the  purchase 
slrated  by  the  results  of  other  ships  of  different  ^^^ney  and  leave  a  surplus  of  ftiUy  $260,000.  The 
sites.  The  Great  Eastern  will  hold  eight  times  i  j^nmbei  of  inland  messages  for  the  year  ending  last 
the  freight  and  encounter  only  four  times^the  re-  December  was  6,000,000,  upon  which  number  it  is 

'^^  reckoned  there  will  be  an  increase  for  the  first  year 
of  at  least  2,600,000.  Much  of  this  increase  is 
expected  to  result  fVom  bringing   the  telegraph 


sistence,  at  a  given  speed,  of  a  vessel  of  half  her 
length,  breadth  and  depth.  As  to  carrying  pas- 
sengers more  comfortably— she  has  always  demon-     _^ ^^ 

strated  this,  except  in  one  case,  when  she  was  so  ngJrer  the  center  of  the  population;  experience 


h^iasted  as' to  roll  abnormally.  Any  ship  can  be 
served  so.  We  have  sailed  as  quietly  upon  her, 
in  mid  ocean,  as  upon  Long  Island  Sound  steam- 
ers in  average  weather,  and  at  a  time,  too,  when 
the  Teasels  passing  the  Great  Eastern  were  pitch- 
ing so  much  as  to  cause  general  sea-sickness.  The  i 


Great  Eastern  was  never  filled  nor  never  run  on 
the  route  for  which  she  was  built.    It  is  not^prob 


tmth  on  the  continent  and  in  England,  having  shown 
that  wherever  telegraph  fleuiilities  are  by  this  means 
placed  within  easy  reach  of  the  people,  a  large 
increase  on  the  number  of  messages  is  certain  to 
follow.  It  is  noteworthy  that,  contrary  to  the  opinion 
if  some  of  the  most  experienced  engineers,  the 


Government,  in  the  estimates,  have  calculated  tho 

^-  life  of  a  cable  at  fifteen  years,  and  have  therefore 

able  that  the  "  Scotia"  would  pay  between  Boston   provided  for  replacing  all  the  cables  at  the  end  of 
and  New  York,  immense  as  the  traffic  is.    How  \^^^^  time.— Triftttne. 


the  first  voyage  of  the  ship  to  New  York  a 

&ilnre  I  We  made  that  voyage  in  good  average 
time,  taking  a  long  detour  ;  and  no  one  was  sea- 
sick, though  there  were  two  days  of  heavy  weather. 
The  good-for-notliingness  of  the  Great  Eastern  has 
been  demonstrated  by  her  laying  three  cables  and 
uniting  two  continents— a  work  that  would  not 
have  been  done  without  her.  Finally,  Brunei  died 
before  she  was  launched,  and  consequently  not  in 
consequence  of  her  unprofitable  voyages,  which 
were,  by  the  way,  the  result  of  bad  management. 
We  commend  these  considerations  to  the  penny- 
a-liners  who  periodically  pitch  into  the  Great 
Eastern. 

TBI  BarrxsH  Telboraph  Bill.— The  bill  for  the 
purchase  of  the  telegraphic  lines  throughout 
Groat  Britain  is  a  measure  of  great  imporUnce. 
The  Government  purpose  extending  telegraphic 
communication  to  the  suburbs  of  all  the  large  toM-ns^ 
to  all  the  second-rate  towns  having  railway  sUtions. 
and  to  places  in  which  at  present  there  are  neither 
telegraph  nor  railway  stations.  It  is  contemplated 
to  serve,  under  the  new  arrangement,  8,876  places, 
instead  of  1,882  now  served  by  telegraphs  and  rail- 
ways, and  to  have  842  branch  offices,  instead  of  tht' 
247  existing  at  present.  There  is  now  one  telegraph 
office  to  every  18,000  of  the  population;  the  Gov- 
enmicnt  wiU  have  one  office  to  every  G.OOO  of  the 


fVuK  Daaien  Cakal— An  Old  Project.— The 
J.  project  of  uniting  the  two  oceans  by  a  cut  across 
the  Isthmus  of  Darien,  is  not  a  new  or  a  modem 
one.  In  1628  a  route  for  a  canal  was  examined  by 
two  Flemish  engineers,  by  the  orders  of  Philip  II 
of  Spain,  but  finding  insuperable  difficulties,  the 
project  was  abandoned.  In  England  the  project 
was  revived  in  the  latter  part  of  the  seventeenth 
century.  In  1826,  Domingo  Lopez,  of  New  Gran- 
ada, explored  a  route  for  a  canal  44  miles  in  length, 
between  Panama  and  Portobello.  Another  survey 
was  made  in  1827,  under  the  orders  of  Greneral 
Bolivar,  by  two  English  engineers,  Lloyd  and  Fal- 
mark,  who  concluded  their  labors  in  1829.  The 
only  result  of  their  lalK>r8  was  proving  the  possibil- 
ity of  either  a  canal  or  railroad  between  Panama 
and  Chagres.  In  1848,  the  French  government 
Bent  out  MM.  Garella  and  Courtiues  to  make  ex- 
plorations. They  reported  in  favor  of  a  canal  pass- 
ing under  the  dividing  ridge  of  the  Ahogayegua  by 
a  tunnel  125  feet  high  from  water  level,  and  17,890 
feet  long. 

NAPOLEON  ANn  THE  ENGINEERS. — ^Tho  EmperoT 
Napoleon  in  his  early  days  was  an  enthusiastio 
student  of  engineering  science  and  an  engineer  of 
no  mean  acquirements;  and  since  his  elevation  to 
I  the  throne  lias  shown  himself  constantly  the  fViend, 
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pAtroQ  and  promoter  of  all  mgeniom  inventions, 
ftDid  especially  of  all  enterprifsen  embodying  the 
Bci«»iic«  of  construction  in  public  ways  and  worku 
of  all  kinds.  It  ia  no  mere  empty  compliment, 
then,  that  has  Ijecn  i>ffeifjd  him  by  the  L^niloii  In- 
Btitution  of  Civil  Engimurs  in  electing  hiTU  un 
honorary  member  of  tb«i  btnly;  andtlui  cordial  re- 
ception which  the  Emperor  f^vc  the  Committee 
who  bore  to  him  ofticial  information  of  it,  meant, 
doubtlejWt  more  of  genuine  pUMUiure  and  cordiality 
than  could  be  found  in  most  interimtional  forms  of 
courtesy. —  Y^  Y.  Times. 

MoHTOjf's  Ejector-Condekseb. — This  novel  ap- 
pliance to  the  steam  engine  (described  and  il- 
lustrated in  Van  ^ostrund'a  Magazine,  Ko,  3,  p. 
225) ,  is  making  rapid  and  extensive  progress  amongst 
engineers,  mine  owncjs,  and  others.  Orders  for  the 
condenser  and  for  licenses  to  mamifucture  it  are 
being  received  from  all  parts  of  the  United  King- 
dom, No  fewer  than  four  condensers  were  sent  off 
last  week  to  meet  as  many  orders.  One  has  lately 
been  applied  to  a  pumping  engine  at  a  colliery  be- 
longing to  Messrs.  Wilsons  &.  Co,,  of  Summerlee 
Ironworks,  and  the  consumption  of  coal  to  six 
hours  was  immediately  reduced  from  6^  cwt.  to  83 
cwt.  A  more  striking  instance  of  economy  of  fuel 
effected  by  using  a  Morton  condenser  is  that  af- 
forded by  an  engine  to  which  the  condenser  was 
applied}  near  Dairy,  in  Ayrshire.  The  com$ump* 
tiou  of  fuel  was  reduced  one -half.  So  satisfied  is 
the  manager  of  the  works  (Messrs.  Merry  and  Ciio- 
ninghame'a)  with  the  work  done  by  this  coudenBer, 
that  it  is  intended  to  apply  the  apparatus  to  several 
other  engines.  It  has  been  applied  to  a  Clydo-bnilt 
screw  steamer,  lately  purchn^ed  for  the  PootificAl 
Marine,  and  Messrs.  Day  k  Co.,  Southampton,  have 
just  built  a  splendid  steam  j'acht,  to  whose  engines 
ft  has  been  applii^l.  In  this  instance  the  condenser 
Haa  been  constructed  of  finely  polished  gun-metah 
— Engineering, 

WKLDKD  BoiLEBii. — A  coutract  was  recently  let 
to  a  Belgian  Arm  for  the  making  of  twenty 
boilers  thirteen  feet  long  and  three  and  a  half  in 
diameter — thtv  whole  to  be  of  half- inch  platcv^  and 
to  be  welded  throughout  No  English  firm  would 
take  the  contract, — Exchange. 

It  would  be  interesting  to  know  whether  these 
boilers  are  to  be  welded  by  Bertram's  gas  welding 
process  or  »ome  modiflcaticm  of  it.  We  can  hardly 
imagine  how  a  perfect  job  can  be  made  otherwise. 
Wc  have  seen  at  Woolwich  a  complex  boiler  com- 
pletely aud  soundly  welded  by  this  process. 

Ma.  IsHERwoon  AFD  Grnkral  Geant. — Speak- 
ing of  the  President's  nomination  of  chief 
engineer  James  W.  King  to  be  chief  of  the  Bureau 
of  Steam  Engineering,  '*  in  place  of  I.sherwo<:HJ, 
whom  I  desire  removed/*  the  Engineer  says : 
**We  are  sorry  that  Mr,  Isherwood  has  been 
removed.  He  was  the  right  man  in  the  right  place 
Aa  far  as  England  was  concerned, '^ 

SHtrpiNO  OF  LiriBrooL. — The  quantity  of  ship- 
ping for  sale  in  the  p<jrt  of  Liverpool  now 
anuMint.**  to  the  enormous  aggr«^gateof  124 ,788  tons, 
thtiM  cla?wiflt*d  ^— Colonial  built  sailing  srhips,  39,610 
U}u»{  British  built  ditto,  wood,  18,464  tonsj  ditto 
iron,  fy,2tWt  lom;  ron>ipn  built,  sailing  ships,  10,94H 
loni);  new  s-iilin^r  ships,  iron  and  comjMisia',  4/>tM) 
ions;  jicrew  sUjamers, iid,180  t<inB;  paddle 
T^Gtodi, 


Field,  are  complcdiiig  thftw  |*idrt  of  I ' 
power  engines  for  ff^pM^^    sr^v^ 
Jnlin  Pcnn  and  8on  ngugi^  «|«Uil 

l2iK)-hor9e  powur  v,  -unm    »ifin  ^| 

evi^ry  renpcct  of  the  k-ntjin*  s  in   Mit-  Uttdtli*. 
great  crank  shaft  was  for^t*d  by  M«Hn.  Ei^l 
Beardmorc,  of  the  Parkbcad  Foi^.  GlM|»m. 
hiis  turned  out,  in  the  lathe ^  aj  sound  a  f<vf^  * 
any  ever  made.     Its   weight,  in   the  rue^  wm\ 
nearly  86  tons. 

BoitBR  ExpLosiOTfs. — Ko  ooe  di^nbls 
of  compreheusivo  expcrimoato 
our   most    competent    experu,    sad   o 
$100,000,  would  develop  the  cau«9  aM 
for  these  disasters;  yM  boiler  ownert  §•  < 
up  millions  of  money — ^nrjt  to  icpeak  of  li 
year,  without  spi>nding  n  cent  or  m«kiAf  a 
ment  towards  a  radical  cure.     Sc»  UmgMtbi 
of  explosions  cannot  be  proved  and 
be  simple  and  aco^-^riai-    r.^tbcr 
and  remote,  so  Ion-  '^e  be  exi 

oonitr  uction  and  m  m    , 


AERIAL  Katigation. — tJpoo  thfi  becli  af  th» 
meeting  of  the  British  jEnemMm^  Jkihiji, 
which  developed  little  but  bo^ot  bmtA  wmmm' 
urea,  we  Inive  news  from  C^iAMk  l^ai  QajpHi 
problem  is  solved.  Let  u«  liryp^  »o.  Al  tibtfltfi 
time,  it  is  dtflScnlt  to  bc«,  with  the  UfM  «»  wmi 
have,  how  all  the  tiklt^nt,  paticsop 
expended  in  this  direction  in  England,  i 
utterly  missed  the  greftt  passibiliciea 
the  CaLifomia  inventor  baa  so  easilj  i 


UCBAji  Tims  or  thb  **  DArFixiss/'— Tl« 
can  yacht  ^ '  Dauntless,  '*  Vioc  Commmlufc  J       _ 
G.  Bennett,  jun.,  recently  made  the  nm^  Ooa  %t9 
York  to  Queenstown,  in  12  dayi  17 
12  sec.,  and  beiiting  tht    '  "  ihs  ' 

in  her  famous  ocean  mc*  *  FloeKvlig  " 

**  Vesta."    The   '  Dauiu....      .AifrteiK*'  ' 
weather  the  entire  voyage. 

AMERiCAX  RrsHiJfa  GsAR  Ajiroao, — An 
lirm  of  coaehbutldera  announoc  that  t 
prepared  to  build  light  carriageii  on  wlii«fcli  I 
tVom  America.  Now  thai  this  i&tioratks  1 
made  it  is  just  possible  Hi  ^  th,<  TiHtw>tfi|«  <i|  ^|| 
wheels  will  be  applietl  i  •«  ti  iatf1|| 

and  wagons  used  in  agrir 


D 


uTt  or  CoRxisa  EiroiirRs  m  EpciLAm.- 
teen  Cornish  onglntMi  were  re>porUd  hi  Afril 
The^   consumed   1,468   toos  of  coaI^  mi  IM 
11700,000  tons  of  water  ten  fathom*  hii^    Aiv^ 
i^ge  duty,  53,700.000  lbs.,  lift.  higli  tflte 

consumption  of  112  lb«.  of  *cn 

exceeded  the  average  duty, 

NXtTTRALIZIirO     MlASMATli     G**!;** — Thr 
neutralising  the  ctl* 
tried  in  the  fens  near   U  ^ 

with  success,  is  about  to  In;  iulunlucuxl  a^ulJaciiB 
shire.  It  consists  in  i\w  cultivation  of  tlii  n»- 
llower  on  a  large  scale. 

LABOi  PcjiFiBfo  ENOlifif  — Thf  •*f5rlmHfte  Ap**- 
can^*  states  that  th»' 
the  Brooklyn  Water w**r 
the  largest  and  luoat  |M>wrriu«  piui^nn^  mi[u>^ 
the  world,  with  th«  eaoepl&do  ot  amh"'  ^"^ 
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MODERN  MECHANICAL  SCIENCE 

From  the  inaagaral  nddre«9  of  0.  W.  Sibmens,  F.  R. 
8.9  before  SeoUon  0  (Meobanioal  Soience  Section) 
of  the  Britith  AMOoUtion,  Aagast  19,  1869. 

In  prefacing  our  proceedings  with  a  few 
remarks  on  the  leading  subjects  of  the  day 
of  special  interest  to  our  section,  I  can 
Bearcely  pass  over  the  somewhat  hackneyed 
question  of  technical  education. 

Technical  Eduration, — The  great  inter- 
national exhibitions  proved,  that  although 
England  still  holds  her  ground  as  the  lead- 
ing manufacturing  country,  the  nations  of 
the  Continent  have  made  great  strides  to 
dispute  her  pre-eminence  in  Several  branches, 
a  result  which  in  generally  ascribed  to  their 
superior  system  of  technical  education. 
Those  desirous  of  obtaining  a  clear  insight 
into  that  system,  and  the  vast  scale  upon 
which  it  is  being  carried  out  under  Govern- 
ment supervision,  cannot  do  better  than  read 
Mr.  John  Scott  Russell's  very  able  volume 
on  this  subject,  and  they  will,  no  doubt, 
agree  with  the  author  in  the  necessity  of  en- 
ergetic steps  being  taken  in  this  country  to 
promote  the  work  of  universal  education. 
Although  I,  for  one,  think  that  objection 
may  fairly  be  made  against  the  plan  of 
merely  imitating  the  example  of  our  neigh- 
bors. 

The  polytechnic  schools  of  the  Continent, 
not  satisfied  to  impart  to  the  technical  stu- 
dent a  good  knowledge  of  mathematics  and 
of  natural  sciences,  pretend,  also,  to  super- 
add the  practical  information  necessary  to 
constitute  them  engineers  or  manufacturers. 

This  practical  information  is  conveyed  to 
them  by  professors,  lacking  themselves  prac- 
tical experience,  and  tends  to  engender  in 
the  studeiits  a  dogmatical  conceit,  which  is 
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likely  to  stand  in  the  way  of  originality  in 
the  adaptation  of  new  means  to  new  ends  in 
their  future  career.  On  this  account,  I 
should  prefer  to  see  a  sound  "  fundamental  " 
education,  comprising  mathematics,  dynam- 
ics, chemistry,  geology  and  physical  science, 
with  a  sketch  only  of  the  technical  arts,  fol- 
lowed up  by  professional  training,  such  as 
can  only  be  obtained  in  the  workshop,  the 
office  or  the  field. 

Patents. — Closely  allied  to  the  question 
of  education  is  that  of  the  system  of  Letters 
Patent.  A  patent  is,  according  to  modem 
views,  a  contract  between  the  Commonwealth 
and  an  individual  who  has  discovered  a 
method,  peculiar  to  himself,  of  accomplish- 
ing a  result  of  general  utility.  The  State, 
being  interested  to  secure  the  information, 
and  to  induce  the  inventor  to  put  his  inven- 
tion into  practice,  grants  him  the  exclusive 
right  of  practising  it,  or  of  authorizing 
others  to  do  so,  for  a  limited  number  of  vears, 
in  consideration  of  his  making  a  full  and 
sufficient  description  of  the  same.  Unfor- 
tunately, this  simple  and  equitable  theory 
of  the  patent  system  is  very  imperfectly 
carried  out,  and  is  beset  with  various  ob- 
jectionable practices,  which  render  a  patent 
sometimes  an  impediment  to,  rather  than  a 
furtherance  of  applied  science,  and  some- 
times involves  the  author  of  an  invention  in 
endless  legal  contentions  and  disaster,  in- 
stead of  procuring  for  him  the  intended  re- 
ward. These  evils  are  so  great  and  palpa- 
ble, that  many  persons,  including  men  of 
undoubted  sincerity  and  sound  judgment  on 
most  subjects,  advocate  the  entire  abolition 
of  the  Patent  Laws.  They  argue  that  the 
desire  to  publish  the  results  of  our  mental 
labor  suffices  to  ensure  to  the  Commonwealth 
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the  po«se8sion  of  all  new  discOYeriep  or  in-  | 
Tentions^  and  thut  just  ire  lui^ht  lie  done  to 
meritorious   inventors   by  giving  tbeui  mo- 
tion al  rewards. 

Thifl  argument  Tnjiy  bold  good  as  regnfds 
a  Bcientiiic  discovery,  wberc  tbc  labor  be- 
stowed ia  purely  mental,  and  carries  witb  it 
the  pleasurable  excitement  peculiar  to  tbc 
exercise  and  advancement  of  science  on  the 
part  of  the  devotee  ;  but  a  practical  inven- 
tion has  to  bo  regarded  as  the  result  of  a 
first  conception,  elaborated  by  experiments 
and  their  application  to  existinir  processes  in 
the  face  of  practical  difficulties,  of  prejudice, 
and  of  various  discouragements,  involving 
also  great  expenditure  of  time  and  money, 
which  no  man  can  well  afford  to  give  aWiiy, 
nor  can  men  of  merit  bo  expected  to  advo- 
cate their  cause  before  the  national  tribunal 
of  rewards,  where  at  best  only  ver}^  narrow 
and  imperfect  view,*^  of  the  nltinmtc  impor- 
tance of  a  new  invention  would  be  taken, 
not  to  speak  of  tbc  fiuoritism  to  wbicli  tlic 
doors  would  be  thrown  open.  Practical  men 
would  umloubtedly  prefer  either  to  exercise 
their  inventions  in  secret,  where  that  is  pos- 
sible, or  to  desist  from  following  up  their 
ideas  to  the  point  of  their  practical  rcaliasa- 
tton.  If  we  review  the  progress  of  the 
technical  arts  of  our  time,  we  may  trace 
important  practical  inventions  almost  with- 
out exception  to  the  Patent  Office.  In  eases 
where  the  inventor  of  a  machine  or  process, 
happened  to  belong  to  a  niition  without  an 
efficient  patent  law,  we  find  that  he  readily 
transferred  the  scene  of  his  activity  to  the 
country  offering  bim  the  greatest  encourage- 
ment, there  to  swell  the  ranks  of  intelligent 
workers.  Whether  we  look  upon  the  pow- 
erful appliances  that  fas b ion  shapeless  masses 
of  iron  and  steel  into  railway  wheels  or 
axles,  or  into  the  more  delicate  parts  of  ma- 
chinery ;  whether  we  look  upon  the  complex 
machinery  in  our  cotton  factories,  our  dye 
works  anil  ])aper  mills,  or  into  a  Birmingham 
manufactory,  where  steel  pens,  buttons,  pens, 
buckles,  screwg,  pencil-cases,  and  other  ob- 
jects of  general  utility  arc  produced  by 
carefully  elaborated  machinery,  at  an  ex- 
tremely low  cost ;  or  whether  we  look  upon 
our  agricultural  machinery,  by  which  Eng- 
land is  enabled  to  compete,  without  protec- 
tion, against  the  Russian  or  Danubian  agri- 
cultnrist,  with  cheap  labor  and  cheap  laud 
to  back  him,  in  nearly  all  cases  we  find  that 
♦hi*  machine  has  been  designed  and  elabo- 
*  in  its  details  by  a  patentee  who  did 
K  Hatisficd  till  he  had  porsaadcd  the 


manufacturers  to  adopt  the  mtm^  mi  m- 
moved  fill  their  real  or  iimjriniry  lAirrtli 
to  the  in  novation.  We  al»o  ^nd  iW  lk» 
knowledjfc  of  its  const  rue  tiott  rr*rkt»  tk 
public  directly  or  indirectly  through  tk  Pa- 
tent Office,  thui  enlarging  the  hmMW  tm  fo* 
ther  inventive  progress. 

The  greatest  illu^tratino  of  tW  hitilriri 
working  of  the  patent  lsiwg«  wft«  fEiq^tifA,ii 
my  opinion,  by  James  W»t$,  wheft,  f^ 
about  lUO  years  ago,  be  pateoted  ki»  iif**- 
tion  of  a  hot  working  cylinder  ami  f<e|sir4«i 
steam  engine  coDdenner.  After  jwn  d] 
contest  against  those  &dver«c  circ" 
that  beset  every  important  innoy»tioii«  1 
Watt,  with  failing  health  and  *ratily 
was  only  upheld  in  hi»  str  tWilcff 

ccmviction  of  the   ultimai  ijh  if  ^ 

cause.     This  conviction  gave;  him 
to  enlist  the  co-operation  of  a  ^ct^tmA 
j  talist,  after  the  first  had  failed  him, 
'  asking   for   an    extendion    of  hsa   d*i 
j  patent. 

AVithout  this  opportune  help  W- 
not  have  succeeded  to  mature  hi»  i 
be  would,  in  all  probalulity,  hav» 
into  the  more  instrument  maker,  wi 
health  and  broken  heart,  and  the 
of  the   steam   engine    would   nut 
been  retarded  for  a  generation  or 
its   final  progress   would   have   hw  . 
probably   upon  the  coarser    eonceptitiftt  «f 
Papin,  Havory  and  Ncwcomen, 

It  can  easily  be  shown  that  the  pitttci 
conception  of  the  physical  nature  of  iteam, 
which  dwelt  like  a  Ileaven-born  in»ptratioB 
in  Wattes  mind,  was  uoithcr  undcmtoud  hj 
his  eontemporanics  nor  by  his  followrr^*  ^ 
to  very  recent  times  ;  nor  can  it  be  gaiKer«d 
from  Watt's  very  imperfect  specificatioo, 
James  Watt  was  not  satisfied  t  '    '   tbe 

condensing  water  from  his  wor:  ^r, 

and  to  surround  the  same  by  n^ 
substances,  but  he  placed  betw< 
der  and  the  non-conducting  eQ*»ib*|*%  » 
source  of  heat  in  the  form  of  a  steaio  jaeiel, 
filled  with  steam  at  a  prc*ssure  someirbat  «ii- 
porior  to  that  of  the  working  steai&«  UU 
successors  have  not  only  discarded  tbostt&B 
jacket,  and  even  condemned  it  oti  the  m- 
perficial  plea  that  the  jacket  pr«s«iitdi  i 
larger  and  hotter  surface  for  lossi  by  ri*!!*- 
tion  than  the  cylinder,  but  expansive  tori* 
ing  was  actually  rejected  by  itomc  of  li«* 
on  the  ground  that  no  prai^tteal  advttiti|i 
could  be  obtained  by  it*  The  cttodera 
gine,  notwithstanding  our  perfected  ^ 
of  eonstriiction,  had  in  fact  degeacr»teJ  li 
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ttiSPj  iastanoea  into  a  simple  steani-mctcr, 
eonsirueted  apparctitly  with  a  view  of  emp- 
ijing  the  boiler  in  t  be  shortest  possjible  &pace 
fl!f  lime. 

It  ia  an  I J  during  the  last  twenty  years 
that  the  suhtiie  action  of  saturated  steam  in 
oondenstng  upon  the  sides  of  the  cjlmder 
when  under  pressure,  and  of  evaporatiog 
when  the  pressure  is  relieved  toward  the  end 
of  each  stroke ,  haa  been  again  re  cog  nixed 
sod  insbted  upon  bj  Leobatelter  and  others, 
wha  have  eh  own  the  necessity  of  a  slightly 
super-heated  cylinder  in  order  to  realiie  the 
espansiTe  foroa  of  steam. 

The  result  haa  been  a  reduction  in  the 
eonaumption  of  fuel  in  our  best  marine  en- 
gines from  6  to  B  to  below  3  lbs>  per  gross 
mdicated  horse  power. 

Would  it  he  safe  in  view  of  such  facts  as 
theae  to  discard  the  patent  laws  which,  as  I 
hft¥6  endeavored  to  show,  lay  at  the  very 
foundatton  of  our  modern  prugrcBs,  without 
mmking  at  all  events  a  serious  effort  to  rem- 
edy those  evils^  which,  it  is  admitted  on  all 
hands,  BOW  adhere  to  them  I  These  evils 
need  for  the  most  part  no  special  legislation, 
but  can  be  traced  to  the  imperfect  manner 
in  wbleh  the  existing  patent  laws  are  carried 
into  effect. 

It  is  a  hopeful  circumstanee  that  during 
the  next  session  of  Parliament ^  the  whole 
c|uc9tion  of  the  patent  laws  is  likely  to  be 
inqnired  into  by  a  special  committee,  who, 
it  le  to  be  hoped,  will  act  decidedly  in  the 
general  interest,  without  being  infiuenced  by 
Bpeeial  or  professional  claims .  They  will 
have  it  in  their  power  to  render  the  Patent 
Office  aa  educational  Institution  of  the  high- 
est order. 

The  Grmt  Works  of  th*^  Year, — In  view- 
ing the  latest  achievements  of  engineering 
ftcienee,  two  works  strike  the  imagination 
ehie%  by  their  exceeding  magnitude,  and 
bj  the  influence  they  are  likely  to  exercise 
upon  the  traffic  of  the  world.  The  first  of 
theae  is  the  great  Pacific  Railway,  which, 
in  p^aaing  through  vast  regions  hitherto  in- 
iec«8aible  to  civilized  man,  and  over  for- 
midable mountain  chains,  joins  California 
with  the  Atlantic  Slates  of  the  great  Amer- 
ican republic.  The  second  is  the  Suez  ship- 
ping canal,  which,  notwithE^tanding  adverse 
prognostications  and  serious  diUculties,  will 
M  opened  very  shortly  to  the  commerce  of 
the  world.  These  works  must  greatly  ex- 
tend the  range  of  commercial  enterprise  in 
the  North  Pacific  and  the  Indian  Bea^.   The 


new  waterway  to  India,  will,  owing  to  the 
difficult  navigation  of  the  lied  Sea,  be  in 
efFect  only  available  for  ships  propelled  by 
steam,  and  will  give  a  stimulus  to  that  branch 
of  engineering. 

TeUgrapftii,  — Telegraph  communication 
with  America  has  be  en  re  ode  red  more  secure 
against  interruption  by  the  BUcoessful  sub- 
mersiou  of  the  French  Transatlantic  Cable. 
On  the  other  hand,  telegraphic  communication 
with  India  still  remains  in  a  very  unsatia-^ 
factory  condition,  owing  to  imperfect  lines 
and  divided  administration. 

To  supply  a  remedy  for  this  public  evil, 
the  Indo-European  Telegraph  Company  will 
shortly  open  its  special  Hues  for  Indian  cor- 
respondence. In  Northern  Russia^  the  eon- 
atruction  of  a  land  line  is  far  advanced  to 
oonneet  St.  Petersburg  with  the  mouth  of 
the  Amour  river,  on  completion  of  which 
only  a  submarine  link  between  the  Amour 
and  San  Francisco  will  be  wanting  to  com* 
pie  to  the  telegraphic  girdle  round  the  earth. 

With  these  great  highways  of  speech  onee 
established,  a  network  of  submarine  and 
aerial  wires  will  soon  follow,  to  bind  all  in- 
habited portions  of  our  globe  together  into 
a  closer  community  of  interests,  which,  if 
followed  up  by  steam  eommunieation  by  land 
and  by  sea,  will  open  out  a  great  and  mer- 
itorious field  for  the  activity  of  the  civil  and 
mechanical  engineer. 

Eaiiufa^s. — ^But  while  great  works  have 
to  bo  carried  out  in  distant  parts,  still  more 
remains  to  be  accomplished  nearer  home. 
The  railway  of  to-day  has  not  only  taken 
the  place  of  high  roads  and  canals^  for  the 
transmission  of  goods  and  passengers  be* 
tween  our  great  centers  of  industry  and  pop- 
ulation, but  is  already  superseding  by-roada 
leading  to  places  of  inferior  importance  ;  it 
competes  with  the  mule  in  carrying  minerals 
over  mountain  passes,  and  with  the  omni- 
buses in  our  great  cities*  If  a  river  can  not 
be  spanned  by  a  bridge  without  hindering 
navigation,  a  tunnel  is  forthwith  in  contem- 
plation ;  or,  if  that  should  not  bo  practical 
ble,  the  transit  of  trains  is  yet  accomplished 
by  the  establishment  of  a  large  steam  ferry. 

It  is  one  of  the  questions  of  the  day  to 
decide  by  which  plan  the  British  Channel 
should  be  crossed,  to  relieve  the  unfortunate 
traveler  to  the  Continent  of  the  e^cceeding 
discomfort  and  delay  inseparable  from  the 
existing  most  imperfect  arrangements*  Con* 
aidering  that  this  question  has  now  been  ta- 
ken up  by  some  of  our  leading  engineers, 
and  in  also  entertained  by  the  two  interentod 
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GnvemmcTitFi  we   may  look  forward   to  its 
fipeedy  and  satisfactory  soiution. 

So  long  as  the  attention  of  raihvRv  engi- 
neers was  confined  to  the  cons  true  turn  of 
main  lines,  it  was  necessary  for  them  to  pro- 
vide for  a  heavy  traffic  and  hifrb  speeda^  and 
these  desiderata  arc  best  met  by  a  level,  per- 
manent way,  by  easy  curves,  and  heavy  rails 
of  the  strongest  possible  materialsi  namely, 
cast  steel,  but  in  extending  the  system  to 
the  corners  of  the  earth,  eh e apneas  of  con- 
fitniction  and  maintenance,  for  a  moderate 
speed,  and  a  moderate  amount  of  traffic,  be- 
come a  matter  of  necessity. 

Instead  of  plnnging  through  hill  and 
mountain,  and  of  crossing  and  reerossing 
rivers  by  a  series  of  monumental  works,  the 
modern  railway  passes  in  zigzag  up  the 
steep  incline,  and  conforms  to  the  windings 
of  the  narrow  gorge ;  it  can  only  be  worked 
by  liglU  rolling  stock  of  flexible  construct- 
ion, furnished  with  increased  power  of  adhe- 
sion and  great  brake  power.  Yet,  by  the 
aid  of  the  electric  telegraph,  in  regulating 
the  progress  of  each  train,  the  number  of 
trains  may  be  so  increased  aa  to  produce, 
nevertheless,  a  large  aggregate  of  traffic,  and 
it  is  held  by  some  that  our  trunk  lines  even 
would  be  worked  more  advantageously  by 
light  rolling  stock. 

The  brake  power  on  several  of  the  French 
and  Spanish  railways  has  been  greatly  in- 
creased by  an  ingenious  arrangement,  con- 
ceived by  M.  Lech  a  teller,  of  applying  what 
has  been  termed  **  oontre  vapeur  '^  to  the 
engine,  converting  it  for  the  time  being  into 
a  pump  forcing  steam  and  water  into  the 
boilcr- 

Warfare^ — While  the  extension  of  com- 
munication occupies  the  attention  of  per- 
haps the  greater  number  of  our  engineers, 
others  arc  engaged  upon  weapons  of  offen- 
sive and  defensive  warfare.  Wo  have 
scarcely  recovered  our  wonder  at  the  terrific 
destruction  dealt  by  the  Armstrong  gun,  the 
Whttworth  bolt,  or  the  steel  barrel  consoli- 
dated under  Krupp's gigantic  steam  hammer. 
when  we  hear  of  a  shield  of  such  solidity 
and  toughness,  as  to  bid  defiance  to  them 
all.  A  larger  gun,  or  a  hard  bolt  by  Palliser 
Or  Gruson,  is  the  successful  answer  to  this 
ohallengo,  when  again  defensive  plaling,  of 
greater  tenacity  to  absorb  the  power  residing 
in  the  shot,  or  of  such  imposing  weight  and 
hnrrlncss  combined  as  to  resist  the  projectile 
:ibsr.lutely  (causing  it  to  be  broken  up  by 
the  fort-ti  residing  within  itself),  is  brought  I 
forward. 
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supply  large  ingots  that  were  shaped  into 
railwaj  tjres,  axles,  oannon,  &c.,  by  melting 
steel  in  fumaecs  containing  hundreds  of  melt- 
ing crucibles. 

The  Bessemer  process,  in  dispensing  with 
the  process  of  puddling,  and  in  utilising  the 
earbon  contained  in  the  pig  iron  to  effect  the 
fusion  of  the  final  metal,  has  given  a  vast 
extension  to  the  application  of  cast  steel  for 
railway  bars,  tyres,  boiler  plates,  &c. 

The  process  is  limited,  however,  in  its  ap- 
plication to  superior  brands  of  pig  iron, 
containing  much  carbon,  and  no  sulphur  or 
phosphorus,  which  latter  impurities  are  so 
destructive  to  the  quality  of  steel.  The 
paddling  process  has  still  to  bo  resorted  to, 
to  purify  these  inferior  pig  irons,  which  con- 
stitute the  bulk  of  our  productions,  and  the 
puddled  iron  cannot  be  brought  to  the  con- 
dition of  cast  steel  except  through  the  pro- 
bcss  of  fusion.  This  b  accomplished  suc- 
cessfully in  masses  of  from  3  to  5  tons  on 
the  open  bed  of  a  regenerative  gas  furnace, 
at  the  Landore  Siemens  Steel  Works,  and 
at  other  places.  At  the  same  works  cast 
steel  is  also  produced,  to  a  limited  extent  as 
yet,  from  iron  ore,  which,  being  operated 
upon  in  large  masses,  is  reduced  to  the  me- 
tallic state,  and  liquified  by  the  aid  of  a  cer- 
tain proportion  of  pig  metal.  The  regener- 
ative gas  furnace,  the  application  of  which, 
to  glass  houses,  to  forges,  &c.,  has  made  con- 
siderable progress,  is  unquestionably  well 
loited  for  this  operation,  because  it  com- 
bines an  intensity  of  heat,  limited  only  by 
the  point  of  fusion  of  the  most  refractory 
material,  with  extreme  mildness  of  draught 
and  chemical  neutrality  of  flame. 

These  and  other  processes  of  recent  ori- 
gin, tend  toward  the  production,  at  a  com- 
paratively cheap  rate,  of  a  very  high  class 
material,  that  must  shortly  supersede  iron 
for  almost  all  structural  purposes.  As  yet 
engineers  hesitate,  and  very  properly  so,  to 
construct  their  bridges,  their  vessels,  and 
their  rolling  stock,  of  the  material  produced 
by  these  processes,  because  no  exhaustive 
experiments  have  been  published  as  yet,  fix- 
ing the  limit  to  which  they  may  safely  be 
loaded  in  extension,  in  compression  and  in 
torison,  and  because  they  have  as  yet  no  suf- 
ficient information  regarding  the  tests  by 
which  their  quality  can  best  be  ascertained. 
This  great  want  is  in  a  fair  way  of  being 
supplied  by  the  experimental  researches  that 
have  been  carried  on  for  some  time  at  Her  Ma- 
jesty's dockyards  at  Woolwich,  under  a  com- 
mittee appointed  for  that  purpose  by  the 


Institution  of  Civil  Engineers.  In  the 
meantime  excellent  service  has  been  ren- 
dered by  Mr.  Kirkaldy,  in  giving  us,  in  a 
perfectly  reliable  manner,  the  resisting 
power  and  ductility  of  any  sample  of  mate- 
rial which  we  wish  to  submit  to  his  tests. 
The  results  of  Mr.  Whitworth's  experiments, 
tending  to  render  the  hammer  and  the  rolls 
obsolete,  by  forcing  cast  steel,  while  in  a 
semi-fluid  state,  into  strong  iron  moulds  bv 
hydraulic  pressure,  are  looked  upon  with 
great  interest.  But  assuming  that  the  new 
building  material  has  been  reduced  to  the 
utmost  degree  of  uniformity  and  cheapness, 
and  that  its  limits  of  strength  are  fully  as- 
certained, there  remains  still  the  task  for 
the  civil  and  mechanical  engineer  to  prepare 
designs  suitable  for  the  development  of  its 
peculiar  qualities.  If  in  constructing  a 
girder,  for  example,  a  design  "were  to  bo 
adopted  that  had  been  worked  out  for  iron, 
and  if  all  the  scantlings  were  simply  reduced 
in  the  inverse  proportion  of  the  absolute  and 
relative  strength  of  the  new  material  as  com- 
pared with  iron,  such  a  girder  would  as- 
suredly collapse  when  the  test  weight  was 
applied,  for  the  simple  reason  that  the  re- 
duced sectional  area  of  each  part,  in  propor- 
tion to  its  length,  would  be  insufficient  to 
give  stiffness.  You  might  as  well  almost 
take  a  design  for  a  wooden  structure,  and 
carry  it  out  in  iron,  by  simply  reducing  the 
section  of  each  part.  The  advantages  of 
using  the  stronger  material  become  most  ap- 
parent, if  applied,  for  instance,  to  large 
bridges,  where  the  principal  strain  upon  each 
part  is  produced  by  the  weight  of  the  struc- 
ture itself ;  for  supposing  that  the  new  ma** 
terial  can  be  safely  weighted  to  double  the 
bearing  strain  of  iron,  and  that  the  weight 
of  the  structure  were  reduced  by  one-half 
accordingly,  there  would  still  remain  a  large 
excess  of  available  strength,  in  consequence 
of  the  reduced  total  weight,  and  this  would 
justify  a  further  reduction  of  the  amount  of 
the  material  employed.  In  constructing 
works  in  foreign  parts,  the  reduced  cost  of 
carriage  furnishes  also  a  powerful  argument 
in  favor  of  the  stronger  material,  although 
its  price  per  ton  might  largely  exceed  that 
of  iron. 

Coal  and  Power, — The  inquiries  of  the 
Royal  Commission  into  the  extent  and  man- 
agement of  our  coalfields,  appear  to  bo  re- 
assuring as  regards  the  danger  of  their  be- 
coming soon  exhausted ;  nevertheless,  the 
importance  of  economizing  these  precious 
deposits  in  the  production  of  steam  power 
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in  metallurgical  operations,  and  in  domestic 
use,  can  hardly  be  overeatiniated.  The  calo-  I 
rific  power  residing  in  a  pound  of  coal  of  a 
given  analysis,  can  now  be  accurately  ex- 1 
pressed  in  units  of  heat,  which  again  arc  j 
represented  by  equivalent  units  of  force,  or 
of  chemical  actiou  ;  therefore,  if  we  ascer- 
tain the  consumption  of  coal  of  a  Bteam  en- 
gine, or  of  a  funiace  employed  in  metallur- 
gical operations,  we  are  able  to  tell  by  the 
light  of  physical  science,  what  proporiion  of 
the  heat  of  combustion  is  utilizedt  and  what 
proportion  is  lost.  Having  arrived  at  this  | 
point,  we  can  also  trace  the  channels  through 
which  loss  takea  place,  and  in  diminishing 
these  by  judicious  improvement,  we  shall 
more  and  more  approach  thoi!ie  standards  of 
ultimate  perfection  which  we  can  never  reach, 
but  which  we  should  nevertheless  keep  stead- 
fastly before  our  eyes.  ThuH  a  pound  of  or- 
dinary coal  is  capable  of  producing  12,000 
Fahrenheit  units  of  heat,  which  equal  9,264,- 
000  foot-pounds  or  units  of  force,  whereas 
the  very  best  performances  of  our  pumping 
engines  do  not  exceed  the  limit  of  1,OUO,000 
foot-pounds  of  force  per  pound  of  coal.  In 
like  manner  1  lb.  of  coal  should  be  capable 
of  heating  33  lbs*  of  iron  to  the  welding 
point  of  say  3000**  Fahr.,  whereas  in  an  or- 
dinary furnace  not  2  lbs,  of  iron  are  so 
heated  with  1  lb,  of  eoaL  These  figures 
serve  to  show  the  great  field  for  further  im- 
provement that  lays  yet  before  ua. 

Refrigeration* — Although  heat  may  be 
said  to  be  the  moving  principle  by  which  all 
thiogs  in  nature  are  accomplished,  an  excesfl 
of  it  in  not  only  hurtful  to  some  of  our  pro- 
cesses, such  as  brewing,  and  destructive  to 
our  nutriments,  but  to  those  living  in  hot 
climates,  or  sitting  in  crowded  rooms,  an 
excess  of  temperature  is  fully  as  great  a 
source  of  discomfort  as  excessive  cold  can 
be,  Why^  then,  may  I  ask,  should  we  not 
resort  to  refrigeration  in  summer,  as  well  as 
to  calorification  in  winter,  if  it  can  be  shown  ' 
that  the  one  can  be  done  at  nearly  the  aame  I 
cost  as  the  other  ?  So  long  as  we  rely  for 
refrigeration  upon  our  ice  cellars,  or  upon 
importation  of  ice  from  distant  parts,  we 
shall  have  to  look  upon  refrigeration  as  a 
costly  luxury  only,  but  by  the  use  of  prop- 
erly constructed  machines  it  will  be  possi- 
ble, I  believe,  to  produce  refrigeratioo  at 
an  extremely  moderate  expenditure  of  fuel 
and  labor.  A  machine  has  already  been  cou- 
»tructed  capable  of  producing  9  lbs.  of  ice 
t^  its  equivalent  for  I  lb.  of  coal,  whereas 

I  equivalent  values  of  positive  heat  devel- 


oped in  the  combugfion  of  1  lb*  «l  Mil, 
and  of  negative  heat  residing  in  1  tkiliii^ 
is  about  as  12,000  to  170,  or  a^l  loT^ 
This  result  already  justifiea  the  cttpknir  .^ 
of  refrigerating  machines  upon  a  larpi 
but  it  is  hard  to  say  what  prdCliral 
may  yet  be  reached  with  tin  improfed  m^ 
ehin«  on  strictly  dynamical  |irri*ciplc»,  ^ 
cauee  such  a  machine  seemv  nol  tird  ia  il» 
results  to  any  definite  Umitu,  In  thmtpBi^ 
for  instance,  a  pound  of  wntrr  frm  iW 
liquid  into  the  gaseous  state,  a  p^ir^  v**^ 
bur  of  units  of  heat  are  required,  that  Bif 
be  produced  by  eombusiioD  of  coal  9r  )if 
the  expenditure  of  foroe»  but  to  thw^ag 
the  same  pound  of  water  into  ic«,  heat  it  til 
lost  but  gained  in  the  oporation,  whirli  kot 
must  be  traceable  to  another  part  »f  tW 
machine,  either  a^  sensible  heat  or  as  «i<^ 
oped  force.  It  would  lead  me  too  £tr  tn 
enter  at  present  into  particulars  on  ikii 
question,  which  is  one  not  withotii  iataiiit 
for  the  physiei»t  and  the  uieehanleal  eijp- 


SEA  COAST  defense: 

THE    MONOEIEFF     SYSTEM     OF     WOEKiM 

ABTILLSRT. 
From  a  Mper  by  Cftpfaln  Mo)iritiBrr,  l«f«rt  tit 

Until  the  time  of  the  Critn«ati  war  veiy 
little  and  very  slow  progress  bad  beea  mik 
in  artillery.  Canon  were  ittaotifaciiiru^  «i 
nearly  the  same  models,  and  of  tW  mmt 
materials,  that  had  been  u«ed  for  ZOO  Jfm* 
Before  that  time  caj^t-iroti  waa  BOl  m  ve, 
but  the  forged  or  bronze  gQii]»,  alclMN|g|^  b 
some  oases  large,  were  not  what  is  nov  cob* 
sidered  powerful,  and  the  penetration  <C  tbfif 
shot  was  not  sulHcicnt  to  pasM  ihroo^  a  pif> 
apet  of  earth  that  is  now  pierc^  «F?aalf 
light  rifled  artillery.  The  ooddiitOM  ikm^ 
fore,  under  which  artillery  Wat  Worfcidi  mi 
the  means  provided  for  proteelion  acaloit  tU 
fire,  remained  much  the  same  as  ihty  wwn 
in  the  time  of  V^aubsn.  Several  eftafii 
during  the  Crimean  e  rociilniied  a 

impression  that  has  al>  u  mart  ar  laii 

entertained — that  an  iuoresac  io  tlic  poftr 
of  individual  guns  produced  greater  niiniM 
than  could  be  obtained  by  a  mtuk  gnakr 
weight  of  metal,  dbtribut«d  amoof  a  Uffir 
number  of  small  pieces  of  aritUerj.  It  v 
not  too  much  to  say  that  the  d«mopttlil 
of  this  art  has,  since  1855,  chanfra  tl« 
character  of  war  bath  on  land  and  water*  It 
baa  established  oompletelj  the  mfrnkti^ 
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of  a  few  large  pieces  over  a  much  greater 
veight  of  metal  in  smaller  guns.  It  has 
given  artillery  of  all  classes  a  range,  pene- 
Iration,  and  an  accuracy  of  Fire^  which  throw 
iato  the  shade  the  greatest  results  that  had 
been  previously  obtained.  It  has  also  stim- 
ulated the  advocates  of  cast-iron  smooth 
bores  to  produce  guns  that  might  rival  the 
rifled  artillery ;  and  yet  it  is  by  no  means 
probable  that  the  limit  of  power,  either 
of  largo  smooth-bores  or  rifled  guns,  has 
been  arrived  at.  When  it  became  apparent 
that  mighty  results  were  to  be  obtained 
from  improved  artillery,  a  great  deal  of  en- 
gineering talent  was  directed  to  the  subject. 
Comparatively  new  appliances,  such  as  the 
steam-hammer,  and  new  methods  of  working 
steel,  were  called  to  aid  in  the  construction 
of  the  new  and  powerful  euns.  So  much  in- 
terest, indeed,  was  taken  m  the  subject,  and 
so  much  attention  absorbed  by  it,  that  the 
conditions  which  these  improvements  in  ar- 
tillery themselves  imported  with  them  ran 
some  danger  of  being  neglected.  The  power 
of  artillery  became  so  great  that  the  ordi- 
nary provisions  for  protection  against  its 
fire  were  rendered  useless.  Forts  that  were 
considered  strong  twenty  years  ago  would 
crumble  under  the  shock  of  modern  projec- 
tiles, and  in  some  cases  would  be  even  too 
weak  to  support  the  guns  while  they  were 
fired.  That  service  which  the  new  artillery 
affected  most  palpable  was  the  Navy,  and 
the  Navy  accordingly  took  the  initiative  in 
introducing  means  calculated  to  resist  the 
penetration  of  Xhe  new  and  terrible  projec- 
tiles. Every  one  is  more  or  less  convers- 
ant with  the  process  that  has  been  going  on 
of  covering  ships'  sides  with  iron,  which  has 
increased  in  thickness  till  it  really  looks  as 
if  the  process  at  last  would  only  be  limited 
by  a  ship's  power  of  flotation.  Warships, 
however,  not  only  protect  their  sides  against 
shot,  but  they  also  carry  the  heaviest  artil- 
lery on  their  decks.  This  fact  could  not  be 
overlooked  by  those  who  had  to  construct 
eoast  defenses,  as  well  as  other  works 
against  which  modern  heavy  artillery  might 
be  used. 

I  shall  not  enter  into  details  regarding 
the  successive  steps  which  were  taken  in 
England  in  this  direction,  as  I  understand 
Colonel  Jervoise  has  already  done  so  in  this 
Institution.  It  is  enough  to  state  that  great 
engineering  skill  has  been  exercised,  and 
unwearied  efforts  have  been  made  to  meet 
the  new  conditions.  That  skill  and  these 
efforts  have,  with  the  experiments  at  Shoe- 


buryness,  given  us  defensive  iron  structures 
which  are  marvels  of  strength  and  ingenuity. 
Unfortunately  they  are  also  marvels  of  cost- 
liness ;  and  there  is  room  to  hope  that  their 
use  will  therefore  be  generally  confined  to 
such  positions  on  la7td  as  can  only  be  pro- 
tected by  such  iron  structures.  This  hope 
is  founded  on  another  system,  with  which  my 
name  is  connected,  and  which  I  am  here  to 
explain.  Before  doing  so  I  shall  point  out 
the  dilemma  which  left  military  engineers 
no  alternative,  and  which  compelled  them  to 
give  up  in  succession  the  use  of  earth,  con- 
crete, granite,  etc.,  and  at  last  to  resort  to 
the  most  expensive,  but  the  strongest,  mate- 
rial— iron. 

There  are  two  considerations  always  to  be 
taken  into  account  in  providing  the  means 
of  using  artillery :  the  one  is  to  place  the 
gun  so  as  to  be  most  formidable  to  the 
enemy,  and  the  other  is  to  place  it  at  the 
same  time  under  as  much  cover  as  possible, 
so  that  it  is  not  liable  to  be  disabled,  nor 
are  the  men  serving  it  liable  to  be  destroy- 
ed by  hostile  fire.  These  two  conditions 
interfere  with  one  another;  that  is  to  say, 
whatever  has  hitherto  been  gained  in  one 
direction  has  been  lost  in  the  other.  Ouns, 
en  barbette^  lack  protection ;  guns  in  embra- 
sures or  in  casemates  sacrifice,  on  the  other 
hand,  free  lateral  range,  and  it  is  more  diffi- 
cult in  their  case  to  see  the  enemy,  and 
therefore  to  lay  the  guns  in  action.  The 
difficulty  that  presented  itself  with  the  in- 
troduction of  late  improvements  in  artillery 
was  simply  that  the'  increased  precision  and 
range,  coupled  with  great  improvements  in 
the  manufacture  of  large  shells  and  also  in 
small  arms,  rendered  barbette  batteries  too 
exposed  to  be  relied  on.  At  the  same  time 
the  tremendous  penetration  and  precision 
of  the  new  artillery  rendered  the  ordinary 
parapet  and  embrasures  useless.  What  was 
to  be  done  under  these  circumstances  ?  Pro- 
tection from  direct  fire  must  be  got  at  any 
price.  The  first  impulse  would  be  to  thick- 
en the  parapet.  This  could  not,  however, 
be  done,  as  the  necessary  angle  in  the 
cheeks  of  the  embrasures  required  for  train- 
ing the  guns  opens  up  a  wider  aperture,  in 
direct  proportion  to  the  thickness  of  the 
parapet,  making  the  maximum  thickness  in 
practice  30  ft.  But  shot  have  been  known 
to  penetrate  more  than  30  ft.  into  the  earth ; 
and  the  most  important  part  of  the  parapet, 
that  near  the  guns,  must  always  be 


VIZ 


thin  and  weak,  whatever  may  be  the  thick- 
ness of  the  rest.    Shells,  strikiQg  this  part, 
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would  just  meet  snfficient  resistance  to  burst 
tbom,  and  would  make  havoc  among  the 
men.  Next,  granite  masonry  was  thouglit 
of;  but  it  proved  in  eome  respects  worse 
than  earth,  and  was  found  practically  bad; 
there  was  no  alternative  but  to  go  to  iron. 
Thiii  conclusion  was  reluctantly  arrived  ttt, 
and  reluctantly  it  was  acted  on. 

The  decisions  of  committees  which  in- 
vestigated all  the  bearings  of  the  question, 
the  opinions  of  professional  men  anii  tbe  ex- 
periences of  the  American  war,  all  coincided, 
and  accordingly  our  important  coast-works 
were  designed  to  receive  iron  shields,  ease- 
mates  and  cupolas.  Vital  positions  in  Eng- 
land, such  as  dockyards  and  arsenals,  must 
be  fortified.  It  would  bo  false  economy,  in- 
deedj  to  use  any  method  of  fortification  that 
experience  has  proved  to  be  insufficient.  No 
savings  could  justify  the  erection  of  works 
tbat  might  prove  at  once  the  tomb  of  their 
defenders  and  perhaps  of  the  nation's  honor. 
Therefore  the  only  proper  decision  was  to 
take  that  means  to  meet  the  difficulty  which 
was  at  the  time  considered  best  and  safest. 
Expense  was  properly  a  consideratioa  very 
secondary  in  importance  to  efficiency, 

I  shall  now  endeavor  to  point  out  the 
difficulty  of  the  task  which  lay  before  the 
engineer,  even  after  the  decision  in  favor 
of  iron,  from  the  extraordinary  advances, 
already  spoken  of,  in  artillery.  There  is 
only  one  morsel  of  comfort  left  for  those 
who  have  to  provide  for  the  requirements 
of  defense,  viz:  that  a  form  of  artillery  fire 
of  a  very  galling  nature  remains  exactly  as 
before  I  and  indued  is  not  much  better,  than 
it  was  in  the  time  of  Queen  Elizabeth. 
What  is  alluded  to  is  vertical  or  mortar 
fire.  There  is  some  consolation,  too,  in  the 
reflection  that  the  cause  of  this  fire  not  be- 
ing much  improved  is  one  to  a  great  extent 
likely  to  he  lasting.  Rifled  mortars  would 
no  doubt  lessen  deflection  to  right  or  leftj 
but  as  long  as  gunpowder  is  affected  in 
strength  by  the  slightest  atmospheric  or 
other  influence,  and  still  more  certainly  as 
long  as  a  slight  error  in  elevation  at  long 
ranges  will  make  a  large  error  on  the  plane 
of  fire,  the  comparative  inaccuracy  of  verti* 
oal  fire  must  continue.  To  show  how  little 
can  be  done  in  this  way  compared  with  the  ad- 
mirable precision  and  accuracy  of  direct 
fire,  I  may  state  that  lOU  rounds  were  fired 
©M  day  last  season  at  Sboeburyness  at  800 
yards  range,  with  a  13-in,  mortar^  at  the 
row  of  experimental  casemates,  which  cover 

«ood  deal  of  ground.   The  mortar  was  laid 


with  spirit-leveU  and  all  the  mpplia&^o  cf  t 
school  of  gunnery^  nuil  yet  the  iWJi 
were  expended  withoai  a  single  hit.  Ill 
is  the  case  with  a  steitdy  plfttfo 
such  exceptionably  favorable  cir 
it  can  easily  be  seen    bow  unc^enain 
effects  would  practice  be  fratu  morUr-l 
which  move  with  every  wave,  if  dirfifii^i 
an  equally  small  object.     During  tW  tli 
months*  siege  of  Sebastopol  tb«  fc'rew 
242   mortars   engaged,   whteh   wort 
selves  exposed  to  Tertical  fir«,  ai>d  yH  i 
one  of  these  mortars  was  disabled,    ll  b  i»- 
deed  a  strange  contrasi — thai  while  i 
fire  is  getting  more  powcrfdU  m^vt  \ 
and  more  destructive   every  year,  ftrlieii 
fire  remains  mucb   ad   it  was.  and 
be  relied  on  to  hit  a  lar         '       ^  ioeJi  uh 
fort,  a  town,  or  anything  en  : 

deiil   of  ground,     Notwiiii^lilUlit4Ig 
would  be  a  great  mistake   tx>   despiMl 
powerful  and  galling  means  of  attadk. 

To  return  to  the  difBc-ultii!^  of 
direct  fire  iu  coast  defeosr.  It  laail  W 
borne  in  mind  that  the  battenes  mt9ndi4li 
engage  ships  are  obliged  lo  tnoel  aa  eaasy 
who  can  move  his  position  to  thai  qtartfr 
where  he  is  least  exposed,  who  can  eontioai 
in  motion  while  he  is  conducting  hii  atlad, 
and  who  can  seek  out  the  mcv»t  vulnenlb 
face  of  the  land-work  to  operate  upon.  li 
constructing  each  batteries  it  U  fifal  <if  iD 
necessary  to  make  them  of  suffieieot  tlfcitill 
to  resist  the  guns  of  ships  which  aro  tic 
most  powerful  that  can  be  tnado.  It  i*  wsi 
required  that  these  batteries  fihould  be  em^ 
strueted  in  such  a  manner  that  tbej  mm 
direct  their  fire  with  rapidity  and 
in  any  direction  in  which  the  sbtfM 
take  up  their  position.  And  laMlj,  tl 
required  that  they  should  mount  fWtf 
sufficient  weight  and  power  to  bo  1 
to  the  heaviest  ironic  lads. 

In  former  times  guna  en  har&ettg  wvrt 
forred  for  this  purpose,  beeaiiM  Ibtj 
the  two  first  requirements  atloded  M;  ^t/T 
is  to  say,  that  from  nol  boiDg  eonia^  ^ 
embrasures  or  ports,  tbey  w^re  ablt  Iraaly 
to  follow  their  floating  enemy,  wbaKfif 
position  he  might  take  up;  oafal  in  li 
that  timo  being  neither  00  corrMt  nor  •• 
formidable  as  to  make  such  baltefi«ii 
viceable.  The  case,  however,  is  aov 
pletely  changed ;    for  not  only  bar* 

been  improved,  but  amn?" ''^ 

heavy  shells  are  most  d 

Admiral  Porter,  of  tbe  l_  i      ^  - 

in  a  report  on  coast  dcfcn-       - 1  ^  :   **5tt» 
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gans,  standing  so  high  up,  are  jast  the 
objects  that  naval  gunners  would  delight  to 
ttzplode  their  shrapnel  against,  and,  from 
my  experience  in  naval  gunnery,  the  third 
illeU  would  kill  every  man  at  the  gun.'' 
Yon  Scheliha,  in  his  treatise  on  coast  de- 
ftnaeo,  *'Guns  mounted  en  barbette  may 
mlwsys  be  silenced  by  an  iron-clad.''  This 
fiMrm  of  battery,  therefore,  is  disposed  of. 
Wo  shall  now  examine  the  difficulties  oon- 
Boeted  with  the  other  alternatives.  Com- 
Mon  masonry  batteries  have  been  condemned 
ao  worse  tluin  useless,  as  they  would  only 
make  the  ship's  fire  more  destructive  than 
if  directed  against  guns  en  barbette. 

Next  comes  the  expensive  alternative 
which  has  been  adopted,  viz :  iron  shields, 
oasemates  and  turrets.  It  is  most  interest- 
ing to  examine  how  far  this  system  of  iron, 
tlie  last  alternative  left,  meets  the  three  re- 
quirements of  coast  defense  alluded  to,  and 
to  see  what  very  great  difficulties  had  to  be 
onoonntered  in  applying  it. 

The  three  requirements  are  thus  recapit- 
ulated:— 1st.  Strength  of  the  battery  to 
resist  naval  fire,  and  give  sufficient  protec- 
tion to  the  men.  2d.  Power  of  figthing  the 
guns  with  accuracy  and  effect,  of  following 
the  enemy  with  case  as  he  moves,  of  being 
able  to  face  him  on  any  side  from  which  he 
approaches.  3d.  Power  of  using  the  most 
formidable  guns  to  advantage. 

The  first  difficulty  was  to  decide  the  mat- 
ter of  strength.  Now  guns  are  becoming 
more  and  more  weighty  and  powerful  every 
day,  and  therefore  the  strength  required  to 
resist  them  is  an  unknown  quantity.  An 
iron  casemate  of  the  present  proposed 
strength  costs,  according  to  official  returns, 
with  all  the  battery  adjuncts  except  the  gun 
and  carriage,  about  £5,000  or  £6,000  for 
each  gun.  A  2-gun  turret,  about  £25,000 
or  £30,000.  •  If  guns  of  50  tons  are  intro- 
daced  in  ships,  as  is  proposed,  these  defenses 
are  at  once  quite  inefficient,  and  it  is  not 
known  how  strong  or  how  expensive  should 
be  the  iron  works  to  replace  them.  Such 
qnestions  must  be  very  embarrassing  indeed 
to  those  who  have  to  decide  these  matters. 
Besides  protecting  the  gun  and  carriage 
from  the  enemy's  shot,  protection  must  also 
be  given  to  the  men.  This  is  the  most  seri- 
ous of  all  considerations  in  coast  defense. 


*Tb«  price  of  a  permanent  Monorieff  battery,  with 
magasines,  etc.,  inetnding  the  extra  expense  of  car- 
riafMy  ii  from  £1,100  to  £1,600  for  each  gan;  an 
iroa  ihiakl  battery,  from  £1,800  to  £2,000  per  gan; 
an  iron  eatamate  battery,  from  £5,000  to  £6,000  per 
gwi{  a  iiiiTet>  from  £I2>000  to  £15^000  per  gnn. 


for  the  following  reasons :  The  best  experi- 
ence we  have  regarding  naval  attacks  on 
land-works  is  derived  from  the  late  American 
war,  in  which  a  great  many  actions  of  that 
kind  took  place.  It  would  be  unwbe  to 
ignore  this  experience,  because  the  increas- 
ing power  of  artillery  only  gives  it  more 
weight.  During  the  whole  of  that  war  very 
few  guns  were  destroyed  by  the  naval  fire  in 
earthen  batteries.  At  Fort  Wagner,  only 
three  guns  were  totally  dismounted,  although 
2,864  shot  and  shell  were  fired  into  it  in 
48  hours,  and  the  bomb-proofs  were  hit 
1,200  times.  Seventeen  siege  mortars,  seve- 
ral cohorns  and  thirteen  heavy  pieces  of  ar- 
tillery were  incessantly  employed.  At  Fort 
Fisher  the  bombardment  was  opened  at  the 
rate  of  115  shells  per  minute,  and  although 
the  guns  were  mounted  en  barbette,  only  two 
of  them  were  dismounted  when  the  place 
fell.  At  Fort  Powell  a  tremendous  bom- 
bardment from  mortar  and  gunboats  (the 
most  accurate  firing  being  from  15-in.  mor- 
tars) was  maintained  from  22d  of  February 
till  2d  of  March,  and  not  a  single  gun  was 
dismounted.  The  success  of  the  ships  over 
the  forts  was  gained  by  demolishing  the 
works,  and  still  oftener  by  making  the  ser- 
vice of  the  guns  so  dangerous  that  the  men 
could  not  work  them. 

Rear-Admiral  Porter,  U.  S.  Navy,  in  his 
report  on  coast  defense,  states :  '^  The  new 
fashioned  casemates  turned  out  to  be  no 
better  than  the  guns  en  barbette.  They 
were  perfect  slaughter-houses,  and  were  piled 
up  with  dead  and  wounded.  Every  shell 
that  went  through  the  port-holes  killed  and 
wounded  every  man  in  the  close  casemate. 
This  proved  to  me  most  satisfactorily  that 
guns  in  casemates  were  no  better  protected 
from  shells  than  those  en  barbette.^* 

With  such  evidence  as  this  before  them, 
from  men  who  were  conversant  with  all  the 
events  of  that  great  war,  it  was  indeed  a 
serious  question  to  decide  what  was  to  be 
done.  I  myself  cannot  see  how  men  in  an  iron 
casemate  are  as  much  exposed  as  in  a  bar- 
bette battery ;  but  there  is  no  doubt  that 
if  the  port  of  the  strongest  casemate  was  as 
large  as  those  referred  to  by  Admiral  Por- 
ter, it  would  be  open  in  the  same  circum- 
stances to  the  same  dangers,  as  the  damago 
was  done  by  entrance  of  shell  through  the 
port.  The  protection  a  casemate  would 
afford  from  vertical  fire  in  such  a  case  would 
be  but  a  poor  advantage  if  more  correct  and 
more  deadly  weapons  than  the  medissval 
mortar  could  still  search  out  at  times  the 
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exposed  point  of  a  oasemate  and  kill  every  gueh  guns  represents  s  violeoee  of  f 
man  inside.     Tbe   next  requirementa  in  a   like  of  wbtch   man  has  ncTer  hd  \ 
coast  battery,  viz :  to  be  able  to  follow  an    with   before.     Imaging  12,  11  «r  1^  tai 
enemy   amidst  clouds  of  smoker  and  to  lay    of  compact  iron   started  in  an 
the  guns  on  him  with  precision  and  dispatch,    rapid  motion  with  a  violence  that  mtf^ttp 
formed  a  more  embarrassing  difficulty  still,    blow  of  a  steam-hammer.     This  fr 
On   the  one  hand,  the  ports  must  be  con-   be  controlled  and  restrained.    It 
structed  for  muzzle-pivotera  to  give  protec-    der  then  that,  when  met  din 
tion.     On  the  other  hand,  if  they  are  made    by  friction,  as  is  now  done 
80  small  it  is  diftieult  to  see  through  them,  ^  system,  the  difficulties  are  enomon*. 
to  fire   correctly   and   quickly  at   different   horizontal  strain    on   the  platfamu,  i 
elevations  and  on  different  sides  on   a   mov-   and  racers,  is  so  great  thai  it  bi  i 
ing  enemy.     The  battery  is  in  the  position  i  been    quite     sncce&i^fuUy     met ; 
of  a  knightt  who  must  either   expose   his   changes  and  inventions  are  beifig  1 
vitaia  to   his  enemy^s   lance  or  put   on  an   render  this  force  more  harmless. 
armor  that  paralyzea  his  sword  arm.     There  I      I  hope   I   have   now   oonveyf<d  to 
is  as  mueh  protection  in  the  power  of  being  !  minds  some  idea  of  the  embarraa^siilki 
able  to  strike  as  there  is  in  being  able  to   difficulties  which  have  fallen  n|>ott  htA  4b 
guard.     As  naval  actions  are   likely   to  be   artillery   and   engineers    by   the  tafiA  ta> 
short  and   decisive,  it  must  have  appeared    provement  of   these  formidable   eflpMS< 
extremely   doubtful    whether   it   was    worth  i  war,  and  of   the    persistent,   able 
purchasing  increased  safety  at  the  expense    which  both    have    maintained    to 
of  losing   the   attackiog  power.     The    last 
of  the  three  requiremeuta  in  coast  defense 
stated  was  the  necessity  of  using  the  most 
powerful  canon.     This  did  not  present  the 
same  difficulty  aa  the  other  two,  because  thti 
designers  of  our  defenses  had  been  present- 
ed by  my  friend   Captain   Coles  with    the  I  tection  was  lost  in  efheiencj,  &ttd 
nicans  of  mounting  the  heaviest  guns  to  fire  |  verse-     Happily,  I  had  the  good  foi 
in  any  required  direction.    When  very  large  j  conceive  and   develop   an   idea  who 
and  valuable  guns  are  used,  it  is  not  advb-  i  gates  this  law.     The    very  furce,  ifcil 
able  to  craiijp  their  action  and  restrict  it  to  |  enee  of  which  has  been  no  gri^al  ai 
a  small  area.    The  turret  was  therefore  pre-   in  the  artilley  question,  h«s  been  i 


rectly  the  terrible  forces  with 
have  to  contend.    They  hairo  both  i 
to  a  wonderful  extent,  but  thetr 
blighted  by  that  earse  of  ih«  f«i<9<«  1 
practice — the  law  that  np  to  thU  tii 
existed — vi^ :   that  what  was  gained^ 


ferred  to  the  casemate  when  lateral  range 
was  required;  and  though  apparently  very 
expensive,  it  was  in  reality  cheaper  than 
casemates,  because,  although  the  mounting 
of  guns  in  this  manner  cost  more,  they  were 
enabled  to  do  much  more  work,  atid  there 
was  thus  an  economy  both  of  guns  and 
men. 

Having  thus  far  endeavored  to  describe 
the  extraordinary  difficulties  which  the  new 
improvements  in  artillery  inevitably  en- 
tailed on  the  eugineera,  I  shall  now  direct 
your  attention  for  a  s^bort  time  to  the  diffi- 
culties in  which  the  same  improvements  in- 
volved the  artillerymen  themselves.  These 
difficulties,  though  not  quite  so  important  as 
the  engineering  ones,  were  very  serious  in- 
deed, and  had  not  yet  been  quite  overcome. 
They  consisted  chiefly  in  the  difficulty  of 
making  carriages  and  platforms  strong 
enough  for  the  new  and  powerful  rifled  guns. 
These  pieces  burnt  enormous  charges  of  pow- 


to  perform  a  service  that  %t  oncm 
of  existence  a  graat  n&nj  of  tli< 
difficulties    that    embarrAmed 
When   two  evils   co-exist,  it   is 
good   policy   to  make    them 
other. 

I  shall  now  refer  shortly  to  tim 
ideas  that  led  me  to  think  of  soItii^ 
important  problem  in  quite  a  dtffsrvQt 
ncrfrom  that  in  which  it  had  been 
ed,  which  had  led  to  the  adoptioit  i 
expensive  class  of  works.  My  hoI 
a  system  capable  of  mounting  thH 
artillery,  while  it  simplifies  the  rexi 
tioQ  of  fortification.  It  gives 
without  the  expense  of  using  iroa, 
lateral  range  to  the  guns  withotit 
The  system  is  indeed  a  simple  one ;  ii 
not  require  either  brute  »lrcngth  or 
expenditure  for  its  application ;  nor 
need  mighty  forges  to  weld  iron  vafli 
protect  our  guns  and  j^nners ;  it  only 


der,  and  hurled  iKdts  as  heavy  as  an  old  field  I  to   our   aid   the    simplest  snd  moH  itak  , 
piece  at  1,UUU  ft.  a  second.     The  recoil  of  |  forces  of  nature.     Inate^d  of  tljai^  I 
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I  by  force,  I  make  my  guns  bow  to  the 
itJtble  conditioDs  which  science  has  im- 
dL  ;  and  instead  of  wasting  energy,  money 

slLill  in  attempts  to  raise  a  buttress 
ust  the  new  artillery,  I  employ  the 
«rto  destructive  force  of  recoil  to  lower 

l^im  below  the  natural  surface  of  the 
^uid,  where  it  i;an  be  loaded  and  worked 
Security  and  in  comfort ;  and  at  the  same 
^«  I  haye  made  that  destructive  force  so 
^  my  servant  that  I  compel  it  at  my  pleas- 
'^  to  raise  the  gun  again  into  the  fighting 
Mtion  whenever  it  is  required.  In  1855, 
iSk  watching  the  interesting  operations 
afore  Sebastopol,  and  endeavoring,  as  well 
I  I  could,  to  understand  the  conditions 
ider  which  the  siege  artillery  was  used,  I 
Deeived  the  idea  which  is  now  realized. 

was  then  that  I  saw  the  value  of  earth 
i  the  importance  of  simple  expedients, 
was  plain  that  the  weak  point  of  a  bat- 
J  was  the  embrasure,  which  formed  a 
rk  to  fire  at,  an  opening  to  admit  the 
uny's  shot,  and  required  constant  repair 
ID  from  the  effects  of  its  own  gun,  which 
firing  injured  the  revetments  of  the 
leks.     I  also  came  to  the  conclusion  in 

own  mind  that  a  remedy  for  some  of 
tae  defects  could  be  devised.  Afterwards 
forked  at  various  plans,  of  which  sketches 
re  made,  or  models;  but  each  design  had 
ects  which  discovered  themselves  to  me 
my  experience  increased.  The  real  diffi- 
tj  of  the  thing  arose  from  the  necessity 
providing  for  the  enormous  strain  of  the 
oil.  These  early  designs,  which  were 
netimes  excellent  in  other  respects,  broke 
m  at  this  difficulty,  and  although  some 
them  no  doubt  would  answer  with  small 
IS,  they  were  not  calculated  to  meet  the 
mendous  recoil  of  large  rifled  pieces. 
At  last  I  hit  on  a  simple  principle  that 
aid  meet  this  difficulty  to  advantage — the 
erposition  of  a  moving  fulcrum  between 
I  gun  and  platform.  Then  I  knew  that 
(  problem  could  be  solved ;  and  feeling* 
I  great  importance  of  the  subject,  I  re- 
Ted  to  devote  my  efforts  to  working  it 
;  completely.  While  directing  my  atten- 
n  to  this  simple  and  then  apparently  ob- 
ire  matter,  I  was,  as  you  may  imagine, 
iher  an  idle  nor  disinterested  watcher  of 
>  progress  of  artillery.  Every  step  in 
r»nce  was  riveting  the  certainty  in  my 
ad  that  the  system  would  one  day  be  re- 
ired,  and  with  this  conviction  I  refused 
allow  either  discouragement  or  delay  to 
ke  me  desist.     I  shall  now  endeavor  to 


explain  shortly  the  system  which  bears  my 
name,  as  far  as  it  relates  to  coast  defense. 

It  consists  of  three  parts :  1st.  The  me- 
chanical principle  of  the  gun  carriages. 
2d.  The  form  internal  and  external  of  the 
batteries.  3d.  The  selection  of  ground  for 
placing  the  batteries,  and  the  arrangement 
for  working  them  to  the  greatest  effect ;  or, 
in  other  words,  the  tactics  of  defense  for 
positions  where  the  system  is  employed. 
The  principle  on  which  the  carriage  is  con- 
structed is  the  first  and  most  important  part 
of  the  new  system,  because  on  it  depends 
the  possibility  of  applying  the  other  parts. 
This  principle  may  be  shortly  stated  as  that 
of  utilizing  the  force  of  the  recoil  in  order 
to  lower  the  whole  gun  below  the  level 
of  the  crest  of  the  parapet,  so  that  it  can  be 
loaded  out  of  sight  and  out  of  exposure, 
while  retaining  enough  of  the  foree  above 
referred  to  bring  the  gun  up  again  into  the 
firing  or  fighting  position.  This  principle 
belongs  to  all  the  carriages ;  but  the  forms 
of  these  carriages,  as  well  as  the  method  in 
which  this  principle  is  applied,  vary  in  each 
case.  For  instance,  in  siege-guns,  where 
weight  is  an  element  of  importance,  the  re- 
coil is  not  met  by  counterpoise.  With 
heavy  garrison  guns,  on  the  other  hand, 
which  when  once  mounted  remain  perma- 
nent in  their  positions,  there  b  no  objection 
to  weight.  In  that  case,  therefore,  the 
force  of  gravity  is  used  to  stop  the  recoil, 
because  it  is  a  force  always  the  same,  easily 
managed  and  not  likely  to  go  wrong;  and 
as  these  carriages  are  employed  for  the 
most  powerful  guns,  it  is  a  great  advantage 
to  have  the  most  simple  means  of  working 
them. 

It  has  been  already  mentioned  that  the 
principal  difficulty  arose  from  the  enormous 
and  hitherto  destructive  force  of  the  recoil 
of  powerful  guns ;  and  here  I  shall  point  out 
the  manner  in  which  that  difficulty  is  over- 
come. That  part  of  the  carriage  which  is 
called  the  elevator  may  be  spoken  of  and 
treated  as  a  lever ;  this  lever  has  the  gun- 
carriage  axle  at  the  end  of  the  power-arm, 
and  the  center  of  gravity  of  the  counter 
weight  at  the  end  of  the  weight-arm,  there 
being  between  them  a  moving  fulcrum. 
When  the  gun  is  in  firing  position,  the  ful- 
crum on  which  this  lever  rests  is  almost 
coincident  with  the  center  of  gravity  of  the 
counter-weight,  and  when  the  gun  is  fired 
the  elevators  roll  on  the  platform,  and  con- 
sequently the  fulcrum,  or  point  of  support, 
travels  away  from  the  end  of  the  weight-arm 
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towards  the  end  of  the  power-ann;  or  in 
other  words,  it  passes  from  the  counter- 
weight towards  the  gun.  Notice  the  im- 
portant result  of  this  arrangement.  When 
tho  gun  is  fired  its  axle  passes  backwards  on 
thi^  upper  or  flat  part  of  a  cycloid.  It  is  free 
to  roeuil,  and  no  strain  is  put  upon  any  part 
of  the  structure,  because  the  counter-weight 
commences  its  motion  at  a  yery  low  Telo- 
city. As  the  recoil  goes  on,  however,  the 
case  changes  completely,  for  the  moving 
fulcrum  travels  towards  the  gun,  making 
the  weight-arm  longer  and  longer  every  inch 
it  travels.  Thus  the  resistance  to  the  re- 
coil, least  at  first,  goes  on  in  an  increasing 
progreasion  as  the  gun  descends,  and  at  the 
end  of  the  recoil  it  is  seized  by  a  self-acting 
pawl  or  clutch.  The  recoil  takes  place 
without  any  jar,  without  any  sudden  strain, 
and  its  force  is  retained  under  the  control 
of  the  detachment  to  bring  up  the  gun  to 
the  firing  position  at  any  moment  they  may 
choose  to  release  it.  The  recoil,  moreover, 
however  violent  at  first,  does  not  put  injuri- 
ous horizontal  strain  on  the  platform.  In 
my  experiments  at  Edinburgh  with  a  32- 
pounder,  I  found  that  so  slight  was  the 
vibration  on  the  platform  caused  by  firing 
that  the  common  rails  on  which  the  eleva- 
tors rolled  in  that  experiment,  and  which 
were  only  secured  in  the  slightest  manner, 
did  liut  move  from  their  position,  nor  even 
when  Heavy  charges  or  double  shot  were 
u^ed,  (lid  sand  and  dust  fall  off  their  curved 
tops. 

At  a  still  earlier  experiment  made  with  a 
model  of  a  95-cwt.  gun,  the  model  was  fired 
on  the  ice  with  excessive  charges,  and  nev- 
ertheless remained  stationary.  This  valua- 
ble concomitant  of  the  system  cannot  be 
appreciated  fully  without  referring  to  the 
dttiRcuUies  that  have  been  experienced,  and 
are  dow  felt,  in  getting  pivots,  platforms, 
etc.,  on  the  ordinary  system,  strong  enough 
to  mount  the  new  artillery,  where  the  recoil 
is  stopped  by  friction  applied  directly  by 
niet^n^  of  what  are  technically  called  com* 
pTf^sBors  attached  to  the  platform. 

I  »hull  not  detain  you  by  detailing  these 
circumstances,  but  will  only  state  that  the 
fir^t  two  12-ton  guns  on  ordinary  carriages 
that  wore  fired  in  casemates  were  both  hors 
de  combat  the  first  shot.  The  accident  re- 
ferred to  was  serious,  because  it  might 
occur  in  action,  and  in  that  event  would 
disable  the  gun,  pro  tempore^  as  completely 
an  if  it  had  been  dismounted  by  a  shot. 
Some  credit  may  be  claimed  for  the  new 


system,  on  the 
carriacce  for  a  1 


entirely  new  pi 
part  was  copi 
been  formerly 
ditions  and  pei 
other  carriage 
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unnecessary, 
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complete  protc 
when  the  dome 

Up  to  the  p 
has  only  been 
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are  no  proposa 
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ing  them  in  co 
each  other.  If 
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everv  accident 
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batteries,  consi 
powerful  gun,  1 
away  the  nati 
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e  to  discuss  at  present,  but  | 
te  to  the  efficiency  and  com-  \ 
)  system,  and  are  more  or  less 
irrying   it   out  as  a  consisent 
.  defense. 

part  of  the  system,  viz :  the 
atteries,  is  of  the  highest  im- 
ase  unless  it  is  attended  to 
ses  are  lost.  This,  unfortu- 
Ihe  system  extremly  difficult 
to  existing  works.  In  order 
advantage  of  it,  no  exterior 
et  should  be  exposed  to  the 
3nemy.  This  prevents  him 
c  to  tell  whether  the  fire  be 
ited,  and  affords  no  means  to 
ting  error.  The  battery,  in 
1 ;  so  that  at  some  distance 
z  ship  would  have  considera- 
i  laying  her  guns  on  one  bat- 
more  difficulty  if  there  were 
es  judiciously  placed  for  the 
civiug  the  eye.  It  can  easily 
.  that  the  slighest  error  in 
d  either  carry  the  shot  harm- 
3  battery,  or  else  cause  it  to 
J  glacis  or  superior  slope.  In 
gun  is  down  the  enemy  has 
Q  at  but  an  undefined  hori- 


It  is  proposed  to  employ  the  Moncrieff 
batteries  in  connection  with  strongholds  for 
infantry  and  light  artillery,  oommanding, 
if  possible,  the  sea  batteries,  so  as  to  make 
them  untenable  by  an  enemy,  and  so  placed 
as  to  be  in  the  best  position  for  a  reserve, 
ready  to  support  any  point  attacked ;  the 
whole  connected  with  good  and  sheltered 
roads.  In  stopping  the  passage  of  a  navi- 
gable river  or  channel,  for  instance,  the 
guns,  instead  of  being  massed,  would  be 
scattered  round  the  points  where  marine 
obstructions  were  placed.  These  guns  would 
be  disposed  in  such  a  manner  as  to  retain 
as  much  as  possible  for  the  defense  the  ad- 
vantages of  a  free  lateral  rarge,  converging 
fire  and  different  amounts  of  command.  In 
other  words,  the  method  consists  in  placing 
in  position  the  heaviest  and  most  powerful 
artillery  to  the  greatest  advantage,  making 
that  the  first  consideration,  and  afterwards 
protecting  the  batteries,  by  separate  and 
distinct  arrangements  easily  devised  by  offi- 
cers on  the  spot,  against  assault  by  any 
force  that  ships  might  land  for  that  purpose 
When  an  object  is  to  be  obtained,  I  prefer  to 
grapple  with  the  most  difficult  and  import 
ant  part  of  it  first,  do  that  well,  and  meet 
the  other  requirements  afterwards,  with  as 
little  loss  of  efficiency  as  possible. 

owing  in  tectum  tpecimem  of  five  methodM  of  mounting  heavy  Coast  jSriUlery. 

The  first  object  of  coast 
defense  is  to  meet  and  de- 
feat the  attack  of  powerful 
ships ;  the  next  b  to  pro- 
tect the  shore  batteries 
against  landing  parties. 
It  must  not,  however,  be 
forgotten  that  there  are 
^  positions  of  such  impor- 
tance that  they  might  be 
attacked  by  an  army  on 
land.  Such  positions  must 
either  be  defended  by  an- 
other army  placed  in  a  fa- 
vorable position  by  such 
arrangements  as  those 
above  referred  to,  or  else 
by  regular  and  complete 
earthworks  thrown  up  in 

/vy//^7W  *^™®  ^^  danger,  which 
would  enable  a  still  small- 
er garrison  to  resist  any- 
thing but  regular  ap- 
proaches. There  arc,  how- 
ever, few  coast  positions 
of  such  importance  as  to 


Barbette. 


f  Shield. 
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mdependent  of  the  works,  and  by 
ence  kept  out  of  the  way.  3d.  How- 
and  light  artillery  ought  to  be  kept 
crve,  in  bomb-proofs  constructed  for 
.rpose,  and  (with  the  new  system  this 
sily  be  done)  also  with  the  means  of 
ng  these  to  any  required  face. 

dispositions  of  defensive  batteries, 
a  those  I  have  very  imperfectly  at- 
d  to  describe,  would  not  be  complete 
t  good  arrangements  for  internal 
mications,  not  only  by  roads,  but  by 
iph,  with   a   clearly   laid  down   and 

method  of  working  them ;  that  is, 
^ble  easily  to  go  wrong  nor  to  lead  to 
:e8,  and  which  would  not  require  very 
skill.     Such  arrangements  would  in- 

the  power  of  the  defense,  and  indeed 

be  necessary  with  the  detached  sys- 

I  have  accordingly  given  them  some 
ion,  and   designed  a  general  plan  of 

off  the  ranges  and  working  the  tele- 
I,  which  will  make  it  possible  to  sup- 
Dultaneous  information.  The  system 
'  to  (which  has  been  submitted  to  the 
or-General  of  Ordnance)  would  apply 

position,  but  its  particular  applica- 
f^ould  vary  in  each  case.  It  is  ez- 
f  simple.  One  part  of  it  depends  on 
}al  instruments  which  I  have  invented 

purpose,  and  which,  without  either 
tions  or  experience,  give  the  range 
sitions  of  an  indicated  ship  at  every 
the  position. 
ther  part  of  it  enables  the  officer  di- 

the  defense  to  deliver  in  one  instant, 
touch  of  his  finger,  a  converging  vol- 
n  one  or  both  sides  of  a  channel  on  a 
sailing  past.  The  possibility  of  de- 
g  corre3t  fire  in  this  manner  on  a 
;  object,  without  aiming,  and  by  an 
not  even  in  the  battery,  was  illus- 
in  one  of  my  experiments  with  the 
;an  carriage  at  Shoeburyness ;  and  I 

may  be  given  some  day  a  chance  of 
g  to  what  perfection  this  system  can 
ried.  Methods  of  determining  the 
te  of  vessels  from  batteries  are  prac- 
lere  and  in  some  continental  coun- 
My  method  is  designed  to  be  quicker, 
r,  and  therefore  more  effective.  It  is 
d  to  work  in  conjunction  with  the  ar- 
lents  for  sub-marine  mines.  That 
'  it  which  gives  the  required  informa- 
r  sighting  the  guns  is  of  so  simple  a 
ter  that  the  most  uneducated  gunner 

make  a  mistake  in  its  application, 
arc  many  other  features  of  the  sys- 


tem besides  those  I  have  particularly  referred 
to  which  I  shall  not  now  discuss ;  each  re- 
quires different  treatment.  Among  these 
there  are  methods  of  mounting  guns  in  ships, 
floating  batteries,  Moncrieff  carriages  for 
heavy  guns  of  position,  adapted  for  locomo- 
tion, for  coast  defense  and  for  siege  carriages. 


AMERioAN  Locomotive  Boilers. — It 
is  impossible  for  an  English  engineer  to 
read  the  records  of  American  boiler  explo- 
sions without  being  struck  by  the  very  large 
number  of  failures  of  locomotive  boilers 
which  occur  annually  on  the  other  side  of 
the  Atlantic.  In  this  respect  the  American 
records  form  a  strong  contrast  to  those  of 
explosions  in  this  country.  Here  the  num- 
ber of  locomotive  boiler  explosions  seldom 
exceeds  three  or  four  per  annum,  and  con- 
sidering the  large  number  of  locomotives 
now  at  work  in  the  United  Kingdom,  loco- 
motive boilers  may  be  said  to  possess  a 
greater  immunity  from  explosion  than  al- 
most any  other  class.  To  a  great  extent 
this  is,  no  doubt,  due  to  the  fact  that  loco- 
motive boilers  are,  almost  always,  worked 
under  skilled  superintendence,  and  subject 
to  frequent  inspection ;  but  it  is  also  due  to 
their  being,  with  but  few  exceptions,  well 
constructed  in  the  first  instance,  and  prop- 
erly proportioned  for  the  work  they  have  to 
perform.  In  America,  locomotive  boilers, 
although  under  quite  as  skilled  superinten- 
dence as  our  own,  are  yet  more  liable  to  ex- 
plosion from  the  fact  of  their  having  gene- 
rally less  superfluous  strength  when  new 
than  would  be  considered  necessary  by  our 
railway  engineers.  American  locomotive 
superintendents  usq  ^^  in.  and  }  in.  plates, 
where  we  should  use  -j^  in.  or  ^  in. ;  and 
notwithstanding  the  high  pressures  used, 
double  riveting  is  still  the  exception  rather 
than  the  rule.  The  consequence  of  all  this 
is  that  in  a  list,  now  before  us,  of  94  boiler 
explosions  which  occurred  in  the  United 
States  during  1868,  no  less  than  23  explo- 
sions of  locomotive  boilers  are  recorded, 
these  explosions  thus  amounting  to  over  25 
per  cent  of  the  whole ;  while  from  another 
record  of  the  explosions  which  took  place  in 
the  month  of  May  last,  we  find  that  during 
that  month  four  locomotives  exploded  on 
different  American  lines.  These  are  facts 
which  demand  the  serious  consideration  of 
American  locomotive  engineers,  and  we  trust 
that  in  the  records  of  future  years  we  may 
find  evidence  that  the  lessons  which  they  teaoh 
have  not  been  disregarded. — Engineering. 
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STATION  Roofs. — The  large  number  of 
tb©  members  of  the  Institution  of  Civil 
Engineers!  will  recollect  the  interest  with 
which  Mr.  J.  W.  Barry's  paper  on  "  The 
City  Terminus  Extension  of  the  Charing- 
crosa  Railway  "  was  received  at  one  of  the 
meetings  in  the  spring  of  last  year.  The 
paper  and  the  discussion  upon  it  has  lately 
been  issued  to  the  members,  and  its  re-ap- 
pearance,  in  printed  form,  will  revive,  to 
@omc  extent,  the  arguments  advanced  at  the 
time  referred  to.  A  certain  number  of  the 
speakers  made  common  cause  against  roofs 
of  large  span,  upon  the  sole  ground  of  their 
GOBI,  an  objection  equally  applicable  to  the 
dome  of  St.  PauFs,  or  the  grand  facade  of 
the  UapOevog — the  vestal  temple  of  the  god- 
dess of  Engineering,  engineering  being  un- 
derstood in  its  true  Minervian  sense  of  wis- 
dom, war,  and  the  liberal  arts.  Considered 
as  a  roof  merely,  a  roof  of  great  span  costs 
more  than  a  series  of  roofs  of  smaller  span 
covering  the  same  area.  But,  taking  the 
roof  as  a  part  of  a  costly  building,  the  dif- 
ference of  cost  between  a  roof  200  or  300  ft. 
span,  and  two  or  three  roofs  of,  respectively, 
one-half  or  one-third  the  span,  is  relatively 
small.  The  weight  and  cost  of  the  princi- 
pals aloue  rise  in  proportion  of  the  square 
of  the  span,  being,  say,  twice  as  much  for  a 
single  span  of  250  ft.  as  for  two  of  125  ft. 
The  roofing  or  covering  is  of  the  same  weight 
and  cost,  no  matter  what  the  span.  In  sta- 
tion roofs  of  from  212  ft.  to  240  ft.  span 
the  weight  of  the  principals  varies  from  one 
ion  to  one  and  a  half  tons  only  per  running 
foot  of  the  length  of  the  building,  so  that  in 
a  roof  even  800  ft.  long,  the  saving  by  mak- 
ing two  spans  of  120  ft.  instead  of  one  of 
240  ft.  would  not  amount  to  more  than  the 
saving  of  from  400  to  GOO  tons  in  the  prin- 
cipals, with  the  expense,  on  the  other  hand, 
of  eaj,  150  tons  of  cast  iron  in  forty  inter- 
mediate supporting  columns.  The  narrower 
spans  are  in  any  case  the  cheaper,  but  the 
utmost  cheapness  is  not  a  siTie  qua  no7i  in 
buildings  of  a  monumental  character.  Few 
genuine  engineers,  loving  their  profession 
for  its  own  sake,  would  argue  the  contrary. 
Indeed,  In  the  very  discussion  to  which  we 
refer,  the  arguments  to  the  contrary  came 
from  a  somewhat  unfortunate  contractor,  and 
from  the  engineer  of  a  non-dividend  paying 
railway;  an  engineer  who,  having  by  his 
WTttings  set  up  some  pretensions  to  authority 
upon  alution  construction  and  station  archi- 
tecture* has  nevertheless  given  to  the  me- 
tropolis one  of  the  ugliest  works  of  its  kind 
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TAGE  CARRIED  BY  WATER. 

From  «  The  Artiian." 

ransporting  power  of  water,  when 
g  sewage,  is  becoming  a  subject  of 
at  importance,  as  both  the  fertility 
il  and  the  sanitary  st«te  of  our  large 
e  affected  by  it.  It  is  now  pretty 
f  admitted,  that  plants  can  best 
ourishment  from  the  soil  when  the 
iives  the  manure  in  a  liquid  form ; 
so  would  appear  that  vegetables  do 
ve  so  well  when  the  water  is  very 
)aded  with  sewage. 

would,  therefore,  seem  to  be  some 
)roportion  of  water  and  sewage  best 

for  the  soil  to  absorb  and  again  to 
)ff  to  the  plants ;  and  possibly  this 
portion  is  also  the  best  when  water 
cdium  by  which  the  sewage  is  trans- 
^hile  at  the  same  time  it  may  be 
at  a  city  requires  just  this  quantity 

to  insure  proper  sanitary  measures 
rried  out. 

self-evident  that  the  refuse  of  our 
mid  not  be  made  to  flow  without 
be  the  slope  or  head  of  pressure  ever 
;  and  also  that  pure  water  will  flow 
Host  an  imperceptible  slope,  but 
ach  circumstances  this  pure  water 
ot  hold  in  suspension  any  foreign 
Again,  as  it  is  necessary  that  sew< 
uld  be  conveyed  under  ground  for 

reasons,  and  that  to  utilize  this 
for  irrigation  it  will  require,  under 
cumstances,  to  be  again  pumped  up, 
stion  is,  what  is  the  velocity,  in 
ords,  the  slope  or  head  of  pressure 
uld  be  given,  which  will  require  the 
wer  to  be  expended  in  pumping  ? 
)  little  water  be  used,  we  must  in* 
le  fall,  while  too  much  of  it  involves 
I  pumping.     It  is,  therefore,  quite 

that  it  may  be  discovered  that  the 
iquification  of  sewage,  so  as  to  have 
t  expenditure  in  pumping,  may  be 
I  very  same  proportion  per  head  re- 
by  our  cities  for  sanitary  purposes, 
as  the  very  best  proportion  for  agri- 
question,  though  very  complicated, 
f  great  interest ;  and  its  importance 
ling  m,ore  and  more  evident.     That 

can,  when  irrigated  by  sewage  wa- 
orb  the  foreign  matter,  and  give  it 
in  in  the  best  possible  state  for  the 

of  plants,  is   admitted,  while   the 
>eing  relieved  of  this  matter,  sinks 
Vol.  I.— No.  10.— 58. 


into  the  ground  below  in  almost  a  pure  state ; 
so  this  very  water,  which  has  been  taken 
from  a  river  high  up  in  its  course,  can  be 
made  to  supply  our  cities;  then  convey 
away  the  refuse,  distribute  it  over  the  fields, 
adding  to  their  fertility,  and  again  return 
to  the  parent  stream  through  the  under- 
ground springs  in  a  state  to  aid  rather  than 
injure  navigation,  for  it  brings  no  foreign 
matter  along  with  it. 

According  to  Beardmore,  a  bottom  velo- 
city of  40  ft.  a  minute  will  sweep  along 
coarse  sand,  and  60  ft.  fine  gravel,  but  this 
is  with  pure  water  not  already  loaded  witk 
solid  matter.  What  may  be  the  necessary 
velocities  with  various  loads  of  solid  matter 
held  in  suspension,  are  questions  yet  to  be 
determined  by  experiment.  So  as  water 
holding  sewage  matter  in  suspension  must 
be  affected  by  the  load  it  has  to  carry,  the 
velocity  requisite  for  sweeping  along  coarse 
sand  under  such  circumstances,  must  be 
much  greater  than  if  only  pure  water  was 
the  disturbing  medium. 

For  the  sake  of  argument,  suppose  that  a 
mean  velocity  of  1  ft.  per  second  is  the 
necessary  velocity  in  a  closed  pipe,  the  ques- 
tion is,  what  is  the  size  of  pipe  required  to 
convey  away  the  sewage  of  a  given  number 
of  inhabitants  ? 

Let  this  number  be  100,  and  that  two 
cubic  feet  of  water  (rather  over  12  gallons) 
is  the  water  supply  for  each  man,  woman, 
and  child,  during  the  24  hours. 

Now,  as  eight  out  of  the  24  hours  is  re- 
quired for  sleep,  there  remains  only  16 
hours  of  the  day  that  the  greater  portion  of 
the  sewage  is  supplied,  and  during  certain 
hours  of  the  day  there  must  be  a  greater 
discharge  than  at  others ;  allow  one-fourth 
more  to  be  deducted  to  admit  of  the  maxi- 
mum discharge,  or  in  all  only  12  hours. 

The  rate  of  discharge  per  second  would 
therefore  be 

12'x  60  X  66  =  -^S  -^'°  f-*' 
or  82.944  cubic  inches,  which  it  is  supposed 
requires  a  mean  velocity  of  a  foot  a  second, 

that  is  12  inches;  so  ^^^  =  6.912  sqr. 

inches  is  the  sectional  area  required  for  a 
pipe  to  discharge  the  sewage  for  100  inhab- 
itants ;  or  a  three-inch  pipe  ia  sufficient  to 
pass  off  this  maximum  discharge  of  sewage 
of  100  men,  women,  and  children. 

Again,  suppose  that  the  ground  is  such 
that  there  is  no  available  fall  along  the  line 
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filled  up  with  decomposed  putrid  sew- 
that  poisons  the  air,  earth,  and  wutcr, 
e  for  some  one-tenth  of  the  cost  proba- 
a  proper  system  of  sewage  pi[»es  could 
aid  down,  so  that  even  a  new  set  of 
9  could  be  laid  down  every  other  year 

0  greater  cost  than  the  interest  on  capi- 
aid  out  on  the  culvert  sewer. 

y  this  head  of  pressure  system  also,  it  is 
ent  that  fur  irrigation  purposes  there 
Id  be  little  trouble  in  spreading  the 
ige  over  the  lands,  while  by  the  increas- 
relocity  the  land  would  receive  it  in  a 

1  state,  and  thus  the  greatest  benefits  to 
soil  would  be  secured  without  any  dete- 
iting  effect  on  the  health  of  the  inhabit* 

•  and  all  at  what  cost?  Merely  that 
kitchen  servants,  for  a  quarter  of  an 

*  or  so  daily,  would  have  to  pump  up  the 
it  in  the  cesspool  to  a  higher  level  of 
3  ten  feet  or  so  above  the  sewage-pipe 
all,  and  thus  all  these  ingenious  methods 
sparating  all  sorts  of  r'lbbish  would  not 
ecessary,  for  they  could  not  be  pumped 
Tom  the  sink,  so  that  only  paper  in  a 
3  of  pulp  could  pass  down  the  pipes. 

servants  might  at  first  object,  but  not 
re  sewage  arrangements  are  introduced 
the  first  time,  and  once  the  advantage 
bis  system  were  proved,  all  objections 
Id  soon  disappear. 


IE  ALLOYS  OF  ALUMINUM  WITfl 
COPPER. 

?rom  tho  *<  American  Horologieal  Joamal." 

^hen  Sir  Humphrey  Davy  announced 
fact  that  soda,  lime,  potash,  magnesia, 
the  other  alkalies  were  but  oxides  of  a 
dlio  base,  it  would  have  been  deemed 
icrical  to  have  supposed  that  the  dis- 
ries  he  made  by  the  expensive  aid  of 
battery  would  at  later  date  become  of 
ly  commercial  value.  He  did  obtain 
I  sodium  and  potassium  ic  the  metallic 
).  The  substances  in  this  form  were 
to  the  chemical  world,  still  more  strange 
le  popular.  So  new  was  it  to  the  chem- 
that,  on  a  globule  of  the  reduced  so- 
1  being  presented  to  a  very  distinguish- 
Aemist,  he,  with  some  enthusiasm,  ex- 
led  it;  and,  admitting  the  fact  of  its 
g  a  metal,  exclaimed,  **  how  heavy  it 
—when  the  real  fact  was  that  its  specific 
ity  was  less  than  water ;  the  expression 
the  result  of  the  general  pre-concoived 
km  that  a  high  specific  gravity  was 


a  test  of  a  metallic  body.  It  was  re- 
served .for  a  French  chemist,  Henry  St. 
Claire  Devillc,  to  utilize  the  metal  sodium, 
and  that,  too,  in  such  a  manner  that  the  de- 
mand aroused  attention  to  its  production ; — 
demand  will  inevitably  bring  a  supply. 

The  original  reduction  was  made  by  Davy 
by  means  of  the  voltaic  battery.  After  it 
had  been  proved  that  these  bases  were  real- 
ly metals  capable  of  reduction,  chemistry 
brought  all  its  resources  to  bear  on  the 
problem,  and  they  were  produced  by  other 
methods  than  the  battery.  All  the  processes 
adopted,  however,  were  too  expensive  and 
laborious,  involving  an  extraordinary  amount 
of  complicated  manipulations  with  but  in- 
adequate results.  The  metal  sodium,  which 
is  the  immediate  subject  of  our  in<|uiry, 
long  remained  an  object  simply  of  curiosity 
or  experiment  in  the  laboratory. 

The  methods  of  reducing  the  metal  have 
of  late  years  been  so  simplified  that,  to 
quote  Prof.  Chas.  A.  Joy,  in  the  "  Journal 
of  Applied  Chemistrv  ":  **  A  few  years  ago 
a  pound  of  this  metal  could  not  have  been 
purchased  for  two  hundred  dollars,  and  even 
at  that  price  there  were  few  manufacturers 
hardy  enough  to  take  the  order.  At  the 
present  time  it  can  be  readily  manufactured 
for  seventy-five  cents,  if  not  for  fifty  cents  a 
pound;  and  the  probabilities  are  that  we 
shall  soon  be  able  to  obtain  it  for  one-quar- 
ter of  a  dollar." 

Deville  found  that  by  the  reaction  of  the 
metallic  sodium  on  common  chloride  of  alu- 
minum, a  reduction  was  effected ;  the  chlo- 
rine taking  up  the  sodium,  forming  chloride 
of  sodium  (common  salt),  while  the  alumi- 
num was  left  free  in  the  metallic  state.  It 
is  hardly  necessary  to  go  into  the  particulars 
of  the  process ;  but  a  metal  well  known  to 
exist,  had,  for  the  first  time,  been  brought 
to  the  world  in  such  a  condition  of  structure 
that  its  qualities  could  be  tested,  not  only 
chemically,  but  mechanicallv.  This  was 
the  direct  result  of  Deville  s  metallurgio 
process  of  obtaining  the  reducing  agent — 
sodium. 

Aluminum  in  itself  would  be  of  but  little 
use,  so  that  a  brief  description  will  be  all 
that  is  necessary.  It  is  aoout  the  color  of 
silver,  but  susceptible  of  a  higher  polish, 
especially  on  a  fresh-out  surface ;  it  is  much 
less  susceptible  of  oxidation  than  silver  ;  its 
specific  gravity  is  but  little  more  than  pine 
wood,  and  its  tenacity,  ductility,  and  lami- 
nating qualities  are  nearly  equal  to  silTer. 
Its  use  in  the  mechanioal  arts  b  limited^ 
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notwithstanding  all  these  qualities,  from  the 
fact  of  its  low  point  of  fusibility,  and  at  the 
heat  of  the  fusible  point  being  easily  oxi- 
dized, so  much  so  as  to  prevent  soldering, 
except  by  an  autogenous  process.  But  alu- 
minum does  possess  a  property  peculiar  to 
itself — that  of  forming  a  purely  and  strictly 
ckcfnical  alloy  with  copper.  It  unites  with 
it  in  any  proportion ;  the  compound  formed 
by  the  addition  of  10  per  cent  of  aluminum 
to  90  per  cent  of  copper  has  been  found  to 
possess  all  the  properties  of  an  entirely  new 
metal,  with  qualities  that  render  it  a  very 
Taluable  material  in  all  fine  work,  such  as 
astronomical  instruments;  and  very  fine 
machinery,  such  as  watch-lathes,  etc. 

The  French  reports  on  the  alloy  are 
somewhat  voluminous,  but  we  give  the  fol- 
lowing : 

The  color  of  this  bronze  so  closely  resem 
bles  that  of  18  carat  gold,  such  as  is  used  for 
the  best  jewelry  and  watch-cases,  that  it  is 
capable  of  receiving  the  highest  polish,  and 
is  far  superior  in  beauty  to  any  gilding. 

Samples  taken  from  different  parts  of  the 
largest  castings,  when  analyzed,  show  the 
most  complete  uniformity  of  composition, 
provided  only  that  the  two  metals  have 
originally  been  properly  mixed  while  in  a 
state  of  fusion.  These  experiments  have 
been  made  upon  cylinders  weighing  many 
hundreds  of  pounds,  and  are  entirely  con- 
clusive. 

This  valuable  quality  is  not  found  in  any 
of  the  more  ordinary  alloys  of  copper.  The 
alloy  of  copper  with  tin,  for  example,  known 
as  gUTi'Tnetalj  is  notoriously  subject  to  a 
phenomenon  known  as  liquation;  in  conse- 
quence of  which  a  great  difference  is  found 
in  the  composition  of  the  same  casting,  both 
in  the  top  as  compared  with  the  bottom,  and 
in  the  center  as  compared  with  the  circum- 
ference. 

This  phenomenon  often  causes  great  in- 
convenience, as  the  different  parts  of  large 
objects  will,  in  consequence,  vary  greatly  in 
hardness  as  well  as  in  strength.  In  casting 
artillery  the  difficulty  becomes  a  serious  one, 
and  no  moans  have  yet  been  discovered  by 
which  it  can  be  entirely  removed. 

This  bomogeneousness  of  aluminum  bronze 

18  a  natural  consequence  of  the  great  affinity 

exiiting  between  the  two  metals  of  which  it 

I  eompoaed ;  and  that  there  is  such  an  affin- 

*  IB  clearly  proved  by  the  phenomenon  at- 

^tng  the  manafacturo  of  the  alloy.     The 

ia  first  melted  in  a  crucible,  and  the 

ia  then  added  to  it  in  ingots.    At 


'  first  there  is,  of  course,  a  rednction  of  vtm^ 
I  perature,  because  the  aluminum  in  nelUig 
I  absorbs  the  heat  from  the  melted  copper ; 
I  and   this   absorption  ia  so  great,  ii  cu&m- 
'  quencc  of  the  great  capacity  for  heat  of  iIup 
minum,  that  a  part  of  the  copper  m»j  cxen 
become  solid.     But  let  the  mixture  be  stir- 
red a  moment  with  an  iron  bar,  and  tbe  tio 
metals  immediately  unite ;  and  in  an  in- 
stant, although  the  crucible  may  haTe  bc<t 
removed  from   the  furnace,  the  tempcntm 
of  the  metals  rises  to  incandescence,  vkik 
the  mass  becomes  as  fluid  as  water. 

This  enormous  disengagement  of  heiUMt 
seen  in  the  preparation  of  any  other  ordinary 
alloy,  indicates,  not  a  simple  mixture,  hnl  a 
real  chemical  combination  of  the  twomrtaU. 
The  ten  per  cent  bronze  may  therefore  be 
properly  compared  to  a  salt,  the  more  so  u 
it  is  found  by  calculation  to  contain,  vitliin 
a  very  minute  fraction,  four  equivalents  of 
copper  to  one  equivalent  of  aluminum. 

The  ten  per  cent  bronze  may  be  forfcd 
cold,  and  becomes  extremely  dense  under 
the  action  of  the  hammer.  The  blades  of 
dessert-knives  are  thus  treated  in  order  to 
give  them  the  requisite  hardness  and  elas- 
ticity. But  it  has  another  valuable  quality 
which  is  found  in  no  other  kind  of  bras»  or 
bronze.  It  may  be  forged  hot  az*  wi'll  as 
if  not  better  than  the  very  be,<t  iri'n.  h 
thus  becomes  harder  and  more  rigid,  and  it? 
fracture  shows  a  grain  similar  to  that  of  cast 
steel.  On  account  of  the  hardness  of  tbe 
aluminum  bronze,  rolling  it  into  sheeti 
would  be  a  tedious  and  expensive  procrw, 
were  it  not  for  this  property  of  being  mallt- 
able  at  a  red  heat.  But  it  may  in  thismao- 
ner  be  rolled  into  sheets  of  any  thickness 
or  drawn  into  wire  of  any  size.  It  mayalfo 
be  drawn  into  tubes  of  any  dimension. 

From  several  experiments,  made  at  differ- 
ent times  at  Paris,  it  appears  that  the  break- 
ing weight  of  the  cast  bronze  varies  from  65 
to  70  kilogrammes  the  square  millimeter. 
The  same  bronze  drawn  into  wire  cupporUNi 
a   weight   of   90   kilogrammes   the  square 
millimeter.     The  iron  used  for  suspension 
bridges,  tested  in  the  same  manner,  did  not 
show  an  average  of  more  than  30  kilogram- 
mes.    Some  experiments  were  also  madcbj 
Mr.  Anderson,   at   the   Royal  Arsenal  at 
Woolwich,  in  England,  who  tested  at  tbe 
same  time  tbe  aluminum  bronze,  the  hnfs 
used  for  artillery,  and  commonly  called  ,rv|r* 
metafi  and  the  cast  steel  made  by  Krappio 
Prussia.    Taking  for  the  maximum  ftrcnj:tb 
of  the  bronze  8ko  lowest  of  the  nankr^ 
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foand,  u  above,  we  are  thus  enabled  to 
fomi  the  following  table  of  comparative 
tenacities  : 


Aluminum  bronsO)  10  per  cent. 

Krupp's  cast  steel 

Refined  iron 

Brass  for  cannon 


65 
58 
80 
28 


The  comparative  toughness  of  these  same 
fear  metals  was  also  tested  in  the  following 
manner :  A  bar  of  each  was  prepared  of  the 
same  siae,  and  each  bar  was  then  notched 
with  a  chisel  to  precisely  the  same  depth. 
The  bars  were  broken  separately,  upon  an 
aayil,  by  blows  from  a  hammer.  The  last 
three  metals  in  the  table  broke  each  at  the 
first  blow,  with  a  clean  and  square  fracture. 
The  aluminum  bronze  only  began  to  crack 
at  the  eighth  blow,  and  required  a  number 
of  additional  blows  before  the  two  pieces 
were  entirely  separated.  And  the  irregu- 
lar, torn  surface  of  the  fracture  showed  the 
peculiarly  tough  and  fibrous  nature  of  the 
metal. 

T^e  elasticity  of  the  aluminum  bronze 
was  tested  by  M.  Tresca,  Professor  at  the 
Conservaiaire  des  Arts  et  Metiers,  The  ex- 
periment was  made  upon  a  bar  of  simple 
east  metal,  and  the  Allowing  is  his  report : 
"  The  co-efficient  of  elasticity  of  the  alumi- 
num bronze,  the  cast  metal,  is  half  that  of 
the  best  wrought-iron.  This  co-efficient  is 
doable  that  of  brass  and  four  times  that  of 
gun-metal,  under  the  same  conditions." 

The  specific  gravity  is  7.7,  about  the  same 
as  iron.  Another  very  valuable  quality  is 
presented  in  the  fact  that  it  is  acted  on  by 
atmospheric  influences  less  than  are  silver, 
brass  or  bronze.  This  places  it  in  the  same 
rank  with  gold,  platinum  and  aluminum. 

Very  stiff  and  very  elastic,  tougher  than 
iron,  very  little  acted  upon  chemically,  and 
in  certain  cases  not  at  all,  capable  of  bein^ 
east  like  ordinary  bronze  or  brass,  forged 
Uke  iron  and  steel,  of  being  worked  in  every 
way  like  the  most  malleable  metals  or  al- 
loys, having  added  to  these  properties  a 
color  analogous  to  that  of  the  most  precious 
metal,  this  bronze  proves  itself  adapted  to 
uses  almost  innumerable.  At  first  sight,  it 
seems  difficult  to  admit  that  the  relatively 
small  proportions  of  aluminum  which  enters 
into  the  composition  of  this  bronze  can  be 
snfficiont  to  modify  so  extraordinarily  the 
properties  of  the  copper  which  constitutes 
so  large  a  portion  of  its  weight.  But  we 
mast  remember  that  the  specific  gravitv  of 
alaminnm  is  very  low,  and  that  a  given 
weight  of  this  metal  possesses  a  bulk  four 


times  as  large  as  the  same  weight  in  silver. 
It  follows  from  this  that  the  ten  per  cent  of 
aluminum  contained  in  the  bronze  equals  in 
bulk  forty  per  cent  in  silver. 

The  specimens  of  the  ware  we  have  seen, 
such  as  spoons,  forks,  cups,  watch-cases, 
etc.,  are  certainly  very  beautiful,  having  the 
color  and  high  polish  of  gold,  while  dilute 
acids  do  not  affect  the  surface. 


SUBMARINE  RAILWAYS. 

From  **  Engineering." 

It  is  sixty  years  since  Trevithick,  unde- 
terred by  the  unsuccessful  attempt  of  Ralph 
Dodd,  began  a  tunnel  under  the  Thames, 
working  ^om  the  Rotherhithe  shore.  He 
carried  it  upwards  of  1,000  ft.  under  the 
river,  and  to  within  100  ft.  or  so  from  the 
Middlesex  bank,  when  the  result  of  a  rash 
experiment,  undertaken  by  himself,  was  to 
flood  the  works  with  water.  The  history  of 
the  present  Thames  Tunnel,  now  about  to 
become  a  railway  tunnel,  is  sufficiently  well 
known,  and  it  is  also  well  known  that  the 
Botallick  mine,  in  Cornwall,  extends  for 
some  distance  beneath  the  Atlantic,  and  it 
is  said  that  the  miners  can  hear  the  roar  of 
the  waves,  or,  at  least,  the  crashing  roll  of 
the  shingle  over  their  heads  during  storms. 
Our  own  columns  have  contained  full  ac- 
counts of  the  most  important  example  of 
tunneling  beneath  water,  viz :  the  Chicago 
Lake  Tunnel,  extending  for  two  miles  be- 
neath Lake  Michigan,  and  to  a  point  over 
which  the  water  is  40  ft.  deep,  the  tunnel 
itself  being  70  ft.  beneath  the  surface  of  the 
lake.  This  work  was  carried  through  a  bed 
of  imperviable  clay,  previously  bored  at  a 
number  of  points  sufficient  to  establish  its 
perfect  continuity,  and  the  tunnel  was  lined 
with  brick  work  as  fast  as  the  headings  them- 
selves were  advanced.  Here  the  work  was, 
from  the  first,  as  reasonably  certain  of  suc- 
cess as  its  subsequent  progress  was  easy  and 
straight-forward. 

The  grandest  example  of  subaqueous  tun- 
neling, should  it  ever  be  carried  out,  will  be 
the  submarine  railway  from  the  South  Fore- 
land to  the  French  coast,  near  Calais.  The 
under  sea  portion  will  be  22  miles  in  length 
(of  course  without  shafts),  under  water  of  a 
maximum  depth  of  nearly  200  ft.  at  high 
tides,  and  at  a  distance  or  depth  of  from 
250  ft.  to  320  ft.  beneath  the  bottom  of  the 
Channel.  A  question  of  groat  present  in- 
terest is.  Can  this  tunnel  be  made  ?  It  is 
well  nigh  settled,  beyond  geological  dispate, 
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leans  of  commnnicatioD,  for  which  Datnre 
IAS  provided  the  '*  permanent  way,"  if  that 
erm  may  be  applied  to  a  tidal  sea,  is  al- 
eady  t  >  be  found  between  Folkestone  and 
/ape  Gris-nei,  Audrecelles,  Ambleteuse  or 
loalogne.  The  shorter  the  sea  passage  de- 
ired,  the  nearer  must  the  route  bear  to- 
rards  Cape  Gris-nes.  Indeed,  Dover  pier 
Jid  Cape  Gris-nez  are  separated  by  the  least 
lifltance  of  any  points  between  England  and 
he  Continent,  say  17^  knots.  But  Cape 
Iris-nei  would  not  make  a  good  landing 
ilace  for  steamers,  and  so  for  the  Belgian 
kod  German  traffic,  the  route  would  require 
o  be  drawn  more  towards  Calais,  and  so  for 
Paris,  it  ifould  require  to  be  drawn  more 
owards  Boulogne.  Of  all  the  existing 
'oates,  they  are  diagonal  between  two  nearly 
parallel  coasts ;  in  fact,  there  is  no  direct 
roate  across. 

The  railway  ferry  boats  proposed  by 
Hessrs.  Fowler  and  Wilson,  would  cross  be- 
tween Dover  and  Audrecelles,  the  latter 
kboat  7  miles  north  of  Boulogne.  By  leav- 
ing Folkestone  instead  of  Dover,  they  would 
lave  from  5 J  to  7  miles  of  land  journeying 
on  the  English  side,  and  by  making  the 
French  port  a  short  distance  south  of  Cape 
Gris-nez,  about  tNvo  miles  north  of  Audre- 
celles, they  would  reduce  the  sea  journey  to 
less  than  that  now  attending  the  Dover  and 
Calais  route.  To  the  point  named  (or  rather 
Qoi  named,  as  bearing  no  name)  the  steam 
service  between  England  and  France  would 
be  well  nigh  the  shortest  practicable.  Four 
or  five  miles  of  railway  on  the  French  side 
woald  connect  it  with  the  existing  Calais  and 
Boulogne  railway,  one  of  the  crookedest 
and  worst  in  France,  except  between  the 
proposed  point  of  junction  and  Boulogne. 
It  would  be  objected  that  this  route  would 
take  vessels  across  the  *'  Vame  "  and  the 
"Ridge,"  or  '*  Le  Colbert,"  the  most 
dreaded  sand  banks,  next  to  the  Goodwins, 
of  all  in  the  Channel.  But  by  planting  a 
safficiently  visible  beacon  on  the  head  of  the 
Vame,  a  course  might  be  taken  to  the  north- 
east of  it,  which  would,  at  low  water  spring 
tides,  carry  over  a  vessel  drawing  24  ft.  with 
more  than  40  ft.  of  water  over  the  north- 
eastern end  or  head  of  the  *^  Hidge." 

The  tunnel,  estimated  to  cost  £10,000,000, 
and  attended  with  an  interest  burden  of 
£1,275  per  day,  might,  for  twenty  trains 
each  way  daily,  be  worked  at  a  cost  of  less 
than  £200  per  day.  To  perform  the  same 
fervice,  probably  ten  boats,  costing  ei^h 
£100,000,  would  be  required,  aqd  it  is  Qot 


perhaps  far  out  of  the  way  to  allow  £1,000,- 
000  for  the  improvements  of  the  ports  of 
Folkestone  and  the  inchoate  port  south  of 
Cape  Gris-nez,  but  a  little  north  of  Audre- 
celles. Upon  these  would  rest  the  interest 
at  5  per  cent,  of  £100,000  per  annum,  to- 
gether with  a  further  sum  of  £100,000  per 
annum  for  depreciation  on  boats.  Beyond 
these  sums  would  be  the  cost  of  repairs  of 
boats,  say  £50,000,  besides  coal,  wages,  &c., 
bringing  the  whole,  probably,  up  to  nearly  or 
quite  £300,000.  The  boats  would  not  pre- 
vent sea-sickness,  and  they  would  be  more 
or  less  expesed  to  the  risks  of  collision. 
They  might  run  aground,  especially  in  shal- 
low harbors,  and  at  low  tide,  and  however 
fast  they  might  be  as  boats,  they  would  be 
slow  as  compared  with  railway  trains,  the 
more  so  as  they  would  require  a  considera- 
ble interval  of  time  in  receiving  and  dis- 
charging their  deck  load  of  passenger  and 
goods  carriages.  Still,  this  brief  examina- 
tion by  no  means  exhausts  the  subject. 


THE  Bessemer  Manufaotube  in  the 
United  States. — The  Pennsylvania 
Steel  Works  at  Harrisburg  are  regularly 
making  eight  five-ton  heats  every  day  of 
twelve  hours.  This  would  be  equivalent 
to  sixteen  heats,  or  65  or  70  tons  of  ingots 
per  twenty-four  hours.  Eight  heats  in 
twenty-four  hours  is  considered  fast  work 
in  England.  It  is  now  over  eighteen  months 
since  a  heat  has  been  lost  at  these  works 
through  the  failure  of  the  machinery  or  re- 
fractory materials — a  result  more  remarkable 
even  than  the  large  product.  The  new 
five-ton  plant  of  Messrs.  John  A.  Griswold 
&  Co.,  at  Troy,  is  nearly  completed,  and  will 
have  a  greater  capacity  than  any  other  in 
this  country.  The  two-ton  converter  at 
these  works  is  regularly  making  ten  heats 
per  24  hours,  which  is  good  work  for  a  sin- 
gle vessel.  An  18-inch  merchant  mill,  made 
very  heavy  and  specially  adapted  to  steel, 
has  also  been  started  by  this  company,  and 
is  now  turning  out  bars  up  to  four  inches  round 
or  square. 

Mr.  John  C.  Thompsoii  has  resumed 
the  superintendence  of  the  Cleveland 
works.  The  Lewistown  works  ure  execut- 
ing a  large  rail  order  for  the  Pennsylvania 
railroad.  The  Steel  Works  of  the  Cambria 
Iron  Company,  at  Johnstown,  are  approach- 
ing completion,  and  will  be,  in  many  re- 
spects, the  finest  Bessemor  works  in  this 
country. 
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INDICATOR  CARDS. 

VBOH   STANDARD   AND  EXPERIMENTAL 
ENGINES. 

Soaipiled  from  the  proeoedings  of  the  Assooifttion  of 
Enginoers  and  Architeots. 

A  suitable  description  of  the  Indicator, 
bj  which  the  diagrams  referred  to  in  this 
paper  were  taken,  may  be  found  in  C.  T. 
Porter's  **  Richard's  Indicator,"  published 
by  D.  Van  Nostrand,  of  New  York. 

Diagram  No.  1  is  from  an  "  Allen  "  Con- 
lensing  Engine  at  the  Paris  Exposition  of 
1867.  The  waving  of  the  expansion  line  is 
BMised  by  the  excessive  momentum  of  the 
Indicator  piston,  due  to  the  high  speed  of 
die  engine,  which  cannot  be  taken  up  by  the 
qpring  quickly  enough  to  give  the  usual 
regular  outline  to  the  diagram.  The  irregu- 
Imr,  nearly  horizontal  line  at  the  top  of  the 
limgram  was  drawn  when  the  indicator  was 
ittached  to  the  steam  chest,  and  shows  the 
pressure  of  steam  as  slightly  lessened  when 
it  the  beginning  of  the  stroke  a  large  quan- 
tity passes  into  the  cylinder.  The  atmos- 
pherio  line  is  shown  in  each  diagram  ex 
tending  beyond  the  ends  of  the  rectangle. 
The  spaces  between  the  horizontal  lines  on 
So.  1  represent  4  lbs.  pressure. 

No.  2  is  from  a  Reed  and  Cogswell  oscil* 
lating  engine.  The  slow  and  tardy  opening 
of  the  steam  and  exhaust  ports  is  clearly 
Bhown.     In  this  4  lbs.  to  each  space. 

No.  3  from  a  Lenoir  Gas  Engine.  The 
gas  and  air  pass  into  the  cylinder  through 
valves  which  close  at  about  half  stroke,  and 
the  mixture  is  then  ignited  by  an  electric 
spark,  or  by  other  suitable  means.  8  lbs. 
to  each  space. 

No.  4  from  a  non-condensing  engine  in  a 
rolling  mill  at  Trenton,  and  shows  the  re- 
sult of  an  accidental  displacement  of  the  pin 
from  which  the  paper  received  its  motion. 
The  engine  has  a  heavy  fly-wheel,  and  at 
the  time  when  this  diagram  was  taken,  was 
running  without  load.  The  point  of  admis- 
sion is  at  1 ;  the  opening  of  the  exhaust  is 
at  e  ;  the  back  pressure  against  which  the 
return  stroke  is  performed  is  shown  by  the 
line  at  a ;  and  the  rise  of  the  line  from  a, 
toward  i,  is  due  to  the  compression  occur- 
ring in  the  cylinder  before  the  beginning  of 
the  next  stroke. 

No.  5  from  the  U.  S.  gun-boat  "  Algon- 
quin," with  a  Sickles  cut-off.  4  lbs.  to  each 
space. 

No.  6  from  an  engine  having  a  poppet- 


valve  cut-off,  tripped  by  the  action  of  the 
governor.     4  lbs.  to  each  space. 

No.  7  from  the  steam  cylinder  of  a  con- 
densing blowing  engine  at  Harrisburg, 
Penn.     6  lbs.  to  each  space. 

No.  8  from  the  air  cylinder  of  the  same 
engine,  having  valves  made  of  a  rubber 
band,  opened  and  closed  by  the  pressure  of 
the  air.     6  lbs.  to  each  space. 

Nos.  9,  10,  11,  and  12,  are  all  from  a 
non-condensing  Corliss  engine,  at  Trenton, 
New  Jersey.  No.  9  shows  the  distribution 
of  the  steam  by  the  valves  as  they  had  been 
set  for  many  months  previous  to  the  appli- 
cation of  the  Indicator;  and  Nos.  10,  11, 
and  12  give  the  improvement  shown  by  its 
use  to  be  needed  and  entirely  practicable. 
It  was  effected  by  merely  moving  the  eccen- 
tric ahead  upon  the  shaft  so  that  the  valves 
were  all  opened  earlier.  In  all  these,  6  lbs. 
to  each  space. 

No.  12  shows  a  high  back  pressure  with 
the  engine  following  full  stroke.  No.  11, 
the  distribution  of  steam  when  cut  of  at  ^ 
stroke,  and  No.  10,  when  no  work  was  done 
except  driving  a  fly-wheel  and  gearing,  by 
which  the  power  was  transmitted  to  the  train 
of  rolls. 


LEAD  AS  A  COVERING  FOR  ROOF& 

Bj  Mens.  C.  D/.TAIN,  C.E.,in  <' Revue  G^crale 
de  r Architecture." 

Properties  of  Lead. — Lead  is  of  a  bluish- 
gray  color,  usually  dimmed  after  being  sub- 
mitted to  the  action  of  the  air,  but  lustrous 
wh(>n  recently  cut  or  scraped.  It  remains 
unchanged  for  some  time  in  a  dry  atmos- 
phere, but  if  subjected  to  the  action  of  hu- 
mid air  it  soon  becomes  covered  with  a 
blackish  pellicle.  This  coating  preserves 
the  rest  of  the  metal  from  oxidation,  in  the 
same  way  that  a  covering  of  the  same  nature 
preserves,  with  even  greater  efficacy,  zinc 
surfaces.  '*  Pure  lead  is  not  affected  by 
perfectly  pure  water  free  from  air,  but  if  air 
be  present  the  metal  is  oxidized  at  its  ex- 
pense, and  the  oxide  thus  formed,  combining 
with  carbonic  acid,  is  deposited  on  the  lead 
in  minute  crystals  as  a  basic  carbonate  of 
lead.  The  water  will  then  be  found  to  con- 
tain lead  in  solution,  and  such  waters  drawn 
from  impure  cisterns,  often  produce  very 
distressing  consequences.  If  the  water  con- 
tains any  sulphates,  the  load  is  thrown  down 
as  a  sulphate  of  lead,  which  is  insoluble.'* 
(*•  lire's  Dictionary,"  6th  edition.) 

In  a  state  of  purity  lead  is  very  soft — it 
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htad  in  its  empiayment  for  Roofs. — The 

layer   of  lead  upon  a  roof  must  be  suffi- 

«ienily  thick  to  resist  the  influeDce  of  the 

•oaUng  of  oxidized  matter  which  will  oyer- 

ipread  its  surface  under  the  action  of  the 

lUnoiiphere,  and  also  to  resist  being  torn 

-  md  cracked  by  the  force  of  the  contractions 

-  md  dilations  which  variations  of  tempera- 
ture  may  cause  it.  The  tenacity  of  lead  is 
fanr  times  less  than  that  of  zinc,  and  at  the 
make  time  its  linear  dilation  is  the  same. 

•  Ib  order  then  that  lead  may  present  the 
mme  resistance  as  zinc,  it  must  be  four  times 
M  thick.  It  is  true  that  lead  resists  the 
dMimctive  action  of  winds  more  successfully 
than  sine,  on  account  of  its  greater  weight 
•ad  itii  better  adherence  to  its  supporting 
timber ;  but  this  very  weight  may  prove  an 
element  of  its  early  decay  in  the  case  of 
roo£i  which  are  of  a  very  steep  incline.  We 
most  also  take  into  account  that  a  roof  cov- 
ered with  lead  will  cost  six  times  as  much 
MB  one  in  which  zinc  is  used.  Nevertheless, 
in  making  a  comparison  between  the  mone- 
tary value  of  lead  and  zinc,  we  must  always 
remember  that  there  is  a  vast  difference  in 
the  ultimate  intrinsic  value  of  the  two  me- 
tals ;  lead  after  being  used  loses  but  little 
of  its  first  value ;  whilst  zinc  loses  consider- 
ably more  than  one-half. 

If  a  lead  roof  is  heavier  and  dearer  than 
one  of  zinc,  it  is  superior  to  it  in  appear- 
ance. It  very  quickly  assumes  a  uniform 
dark  aspect  with  grayish  reflections  ;  whilst 
sine  very  slowly  puts  on  a  dirty  black  color, 
without  any  reflections.  No  experienced 
eye  could  be  deceived  as  to  the  two  metals, 
even  at  some  distance.  Lead  has  a  rich, 
substantial  look,  whilst  zinc  is  characterized 
by  a  mean,  flimsy  and  cheap  appearance, 
which  must  greatly  detract  from  the  beauty 
of  any  building  of  importance.  The  roof 
of  Notre  Dame,  which  is  formed  of  lead,  has 
a  beautiful  appearance,  to  speak  of  its  color 
alone ;  the  roof  of  St.  Clotiide,  on  the  con- 
trary, formed  as  it  is  of  zinc,  has  a  poor  and 
commonplace  look.  This  fact  in  so  fully  ad- 
mitted by  the  French  builders,  that  in  Paris, 
where,  in  house  building,  zinc  is  largely  em- 
ployed, those  parts  which  are  very  prominent 
are  colored  black  to  resemble  lead.  This 
coat  of  oil  paint,  however  carefully  it  may 
he  prepared,  adheres  only  badly  to  the  metal, 
for  in  a  short  time  it  scales  off  and  falls  away 
in  pieces.  Another  process  has  been  tried 
with  much  effect,  as  it  has  boon  alleged. 
This  is  to  paint  the  zinc  with  a  hot  solution 
of  graphite,  in  water  strongly  charged  with 


caustic  and  fixing  substances,  as  for  example, 
chlorate  of  potash  and  sulphuric  acid ;  14 
parts  of  graphite,  1  of  chlorate  of  potash 
diluted  in  28  parts  of  sulphuric  acid,  com- 
monly called  vitriol.  The  whole  of  this 
compound  must  be  gently  heated,  and  wa- 
tered to  a  consistency  such  as  may  be  easily 
laid  on  with  a  brush.  It  is  a  good  method, 
first  of  all,  to  wash  over  the  surface  of  the 
zinc  with  a  weak  solution  of  sulphuric  acid, 
which  will  cause  it  to  take  the  paint  more 
perfectly.     The  paint  must  be  laid  on  hot. 

Formerly,  the  lead  was  of  a  thicker  kind 
than  that  now  in  use.  This  is  one  of  the 
reasons  why  modern  leaden  structures  are 
less  durable  than  the  old.  Besides  having 
regard  for  the  proper  thickness  of  the  sheet 
of  lead,  we  must  always  take  into  account 
the  special  qualities  of  the  metal.  Thus, 
when  it  is  placed  in  position  where  it  may 
expand  with  facility,  we  must,  if  possible, 
only  nail  it  upon  one  end.  The  nails  should 
be  of  a  large  head,  and  placed  closely  to- 
gether. Lead  should  never  be  placed  in 
contact  with  wet  wood  or  damp  plaster  ;  and 
the  proximity  of  another  metal  less  oxidiz- 
able,  should  always  be  avoided.  Finally, 
lead  should  never  be  subjected  to  the  action 
of  the  vapor  of  water,  because  the  water 
upon  being  condensed  upon  the  surface  of 
the  metal  is  very  much  aerated,  and  in  this 
condition  acts  very  energetically  upon  lead, 
as  we  have  already  seen. 

Soldering. — Lead  is  soldered  by  means  of 
an  alloy  of  that  metal  with  tin,  or  simply  by 
itself  without  the  employment  of  any  inter- 
mediary alloy,  by  the  method  known  as 
**  autogenous  soldering."  For  the  soldering 
of  large  and  heavy  work,  the  proportions  of 
the  alloy  should  be  80  tin  and  70  lead ;  for 
lighter  varieties  of  workmanship,  70  tin  and 
30  lead. 

With  respect  to  autogenous  soldering  (lead 
with  lead,  without  usiuj?  any  intermediary 
alloy),  it  is  only  made  use  of  in  very  great 
works,  and  in  producing  leaden  vessels  for 
the  manufacture  of  chemical  products,  where 
the  acids  which  act  upon  tin  would  very 
quickly  destroy  the  ordinary  solder. 

This  new  method  of  soldering  was  in- 
vented by  Count  Desbassayns  de  Kichemont. 
"  Hydrogen  gas  is  contained  in  a  gasometer 
to  which  a  flexible  tube  is  connected,  and 
air  is  urged  from  a  bellows  worked  by  the 
foot  through  another  tube  and  on  to  the  blow- 
pipe where  the  hydrogen  is  ignited.  By 
means  of  the  flexible  tubes,  the  flame  may 
bo  moved  up  and  down  the  lino  of  any  joint. 
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ftnd  the  connecting  medium  melted."— (lire's 
Dictionary.)  In  our  naval  arsenals  this  pro- 
cess has  been  largely  employed.  This  kind 
of  eoldering  renders  the  joint  very  strong, 
the  junction  being  as  firm  as  any  other  part 
of  tho  surface  of  the  metal.  The  process 
h  capable  of  being  used  in  all  kinds  of 
plumber's  work. 

In  France,  especially,  lead  roofs  are 
formed  in  two  ways :  In  the  shape  of  slates 
and  used  in  the  same  way,  and  in  sheets. 
Leaden  tiles  are  used  only  in  the  case  of 
very  pointed  steeples,  or  domes  of  small  di- 
mcnaioDs,  and  in  analogous  circumstances. 
When  sheet  lead  is  used  on  steep  roofs,  it 
must  be  firmly  secured,  and  at  the  same  time 
it  must  be  allowed  the  means  of  dilations. 
The  new  roof  of  the  Cathedral  of  Notre 
Dame,  at  Paris,  is  made  of  cast  lead.  The 
celebrated  Dome  of  the  Invalides,  in  the 
same  city,  recently  repaired,  is  likewise  of 
cast  load.  Both  these  roofs  have  a  de- 
Bcrvedly  high  reputation  for  beauty  of  ap- 
pearance and  excellence  of  workmanship. 


Tni  Iron  Age  op  Ship-Building.- 
The  first  large,  square-rigged  iron  sail- 
ing-vessel ever  built  in  this  country  was 
BucGGssfully  launched  August  5th,  from  the 
yard  of  Messrs.  Harlan  &  HoUings worth,  at 
Wilmington,  Del.  This  vessel,  a  bark,  was 
built  for  Messrs.  Tupper  &  Beattie,  of  this 
city,  and  is  said  by  competent  judges,  who 
have  examined  her,  to  be  in  every  respect 
equal  to  the  best  Clyde-built  ships.  She 
registers  700  tons,  new  measurement,  is  155 
ft.  over  all,  140  ft.  keel,  31  ft.  9  in.  beam, 
11 J  ft.  depth  of  hold,  is  7  ft.  between  decks, 
has  all  the  modern  improvements,  and  is 
very  appropriately  named  the  Iron  Age. 
She  has  a  yacht  stern,  upon  which  is  placed 
the  attractive  and  appropriate  coat-of-arms 
of  the  State  of  New  York.  Her  prow  is 
eharp,  and  has  for  a  figure-head  the  bust  of 
an  artisan,  with  a  cold-chisel  in  one  hand, 
and  a  hammer  in  the  other,  emblematic  of 
his  craft. 

This  vesseLwas  built  upon  British  speci- 
ficationi,  and  at  a  cost,  we  are  assured,  not 
exceed iDg  the  best  Clyde-built  ships,  or,  in- 
deed, the  cost  of  constructing  a  first-class 
wooden  ship  at  this  port  at  the  present  time, 
a  special  contract  rate  having  been  secured. 
In  several  essential  particulars  the  Iron  Age 
is  an  improvement  upon  any  British  iron 
ship  which  has  visited  our  ports.  The  an- 
gle iron  used  in  her  construction  is  consider- 
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Uriml  for  Bhip-building,  and  in  other  mari-  STEAM-ENGINE  PERFORMANCE. 

One  eoantries  a  similar  change  is  beginning  y^„  .,  Engineering." 

to  take  place,  so  that  in  another  decade,       »•,,.•••  i     & 

bobsbly,  wooden  ship-building  will  be  out       Since  the  publication  m  a  recent  number* 

if  dmte.     Although  the  United  States,  for  9^  ^Ijo  particulars  of  the  experiments  made 

Vbnmu  reasons,  b  behind  the  leading  na-  by  Messrs.  Farey  and  B.  Donkin,  jr.,  on  an 

iium  of  Europe  in  this  branch  of  industry,  «°g'n«  »*  M«8«"-  ^:  I^""'""  &  Co.  s  work. 

Ik  auT  safely  be  taken  for  granted  that  we  **  Bormondscy,  we  have  received  from  Mr. 

arc  not  likely  lo  remain  long  in  the  back-  John  Pinchbeck  the  details  of  a  trial  con- 

pound.     We  want  cheaper  materials  to  be-  «J«f.t«f  ^J  ^V°^  so""®  yea«  "go  of  a  single- 

nn  with,  and  if  Congress  cannot  frame  a  cylinder  engine  constructed  by  the  Reading 

bw  for  the  benefit  of  ship-builders  without  If ""Y"/'^^  Company,  then  Messrs.  Barrett, 

•ZAiting  a  conflict  of  interest  among  other  *;,''*"  &  Co.     In  this  trial  the  temperaturea 

duaea  of  home  producers,  it  must  inaugu-  «*  the  water  supplied   to,  and  thrown  off 

n»e  prompt  reform  in  national  finances,  such  from  the  condenser  were  accurately  noted, 

M  thaU  bring  down  the  cost  of  production  """^  *•»«  quantities  both  of  the  condensing 

to  its  natural  level.     Something  must   be  w»tejr  and  of  the    water  evaporated  were 

done,  without  longer  delay,  to  resuscitata  carefully  weighed,  as  was  also  the  fuel  used. 

■a  interest  that  h<^  been,  in  years  gone  by,  I"  «r<l«'.  that  the  quantity  of  water  evapo- 

tho  bulwark  of  our  oomraerce,  and  to  rescue  'at^'*  ™'gl»t  ^e  ascertained  with  accuracy, 

our  valuable  carrying  trade  from  tho  flags  of  J^e   water  was  weighed  before  filling  tho 

other  nations.  boiler,  and  on  the  experiment  being  com- 

The  Iron  Age  is  the  third  iron  sailing.  Plete**  t^e  boiler  was  blown  off,  and  the 

Teasel  ever  built  in  the  United  States,  the  Y***""  thus  blown  off  also  weighed.     The 

other  two  being  the  schooner  Mahlon  Betts,  difference   between    these    first  and    final 

baUt  at  Wilmington,  Del.,  and  the  iron  brig  weighings  had,  of  course,  to  be  added  to, 

Novelty,  recently  built  by  the  Atlantic  Iron  or  subtracted  from  the  weight  of  the  water 

Works,  Boston,  for  carrying  molasses  in  s«»Ppl»ed  to  the  boiler  during  the  trial,  m 

balk.     Both  are  much  smaller  than  the  ves-  order  to  get   the   true  evaporation.     The 

sel  Unnched  at  Wilmington  last  week.  weighing  of  the  water  discharged  from  tho 

Wilmington    has    important   advantages  condenser    was    managed    as    follows:    A 

orer  any  other  American  port  in  thb  branch  wooden  tank,  measuring  about  4  ft.  X  4  ft. 

of   industry.      She   has   iron   and  coal  in    X  4  ft.,  was  placed  on  the  table  of  a  weigh- 

abundance  at  her  very  door,  together  with  ">g.  machine  and  accurately  balanced,  and 

long  years  of  experience.     The  firm  who  weights  amounting  to  one  and  a-half  tons 

bailt  the  Iron  Age  have  built  upwards  of  '^ere  then  placed  on  the  scale  beam.     The 

two  hundred  iron  steamers,  varying  in  size  'f**®'  ™  *he  condenser  was  then  run  into 

from  800  to  1,500  tons.     They  have  built  *"«  *ank  until  the  weights  we  have  men- 

«Br  one  firm  alone,  twcnty-one  steamers  for  tioned  were  lifted,  when  the  communication 

the  Gulf  trade,  and  they  have  been  thirty-  with  the  hot  well  was  shut  off  by  a  sluice, 

three  years  maturing  their  plans  to  carry  on  and  another  sluice  opened  which   allowed 

this  important  branch  of  industry.     They  "^^  ''ater  to  run  out  of  the  tank.     While 

employ  at  present  600  hands,  but  have  facil-  the  main  tank  was  being  emptied,  the  water 

ities  for  employing  more  than  twice  that  discharged  from  the  hot  well  was  received 

number,  should  their  business  warrant  it.—  »n  a  small  auxiliary  tank,  which   was,  of 

N.  Y.  Shipping  last.  course,  emptied  into  the  main  tank  as  soon 

' as  the  latter  was  ready  to  be  refilled.     The 

R«si8TANC«  01-  Roads  to  Tbaotion. —  number  of  times  that  the  main  tank  was 
The  following  results  of  the  experimento  ^l^ed  and  emptied  was,  of  course,  registered, 
of  Sir  John  McNeill  in  regard  to  traction  and  the  weight  of  water  discharged  from  the 
on  roads  of  different  kinds,  are  pretty  gene-  condenser  was  thus  obtabed  very  accurate- 
rally  accepted  as  accurate  :  ^7-   Altogether  this  trial  of  a  single-cylinder 
JUtutanct  in  pound*  per  ton  on  different  ro<,de.      «"g"«  >  <"»«.  f '''ch  forms  an  interesting 

Ironfloor Slbs.porton.  comparison  with  that  of  the  engine  of  tho 

BUme  tramway 20  ll».  jHir  Ion.   double-cylinder  class,  of  which  we  gave  tho 

Pavml  mad 9)  I)>k.  per  ton.  details  last  week.     The  particulars  of  Mr. 

HacMtamixed  road 44  to  fi7  11».  per  ton.   Pinchbeck's  experiments  are  as  follows : 

Simvol 150  lbs.  per  ton. 

Soft,  landy  and  gravully  noil  ...     210  lbs.  per  ton.    •  Sm  V.  M.'i  Mag.,  Aug.,  p.  SV3,  and  Sept..  p.  T8T. 
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Deicription  of  Engine. — Horizontal  high-pres- 
sure coudensing.  Cylinder  21  in.  in  diameU*r,  with 
80  in.  stroke.  The  cylinder  and  covers  steam- 
Jacketed,  steam  being  supplied  direct  from  the 
boilers,  and  means  being  provided  for  getting  rid 
of  the  water  resulting  from  the  condensation  of  the 
steam.  Distribution  of  the  steam  effected  by  slide- 
valve  with  adjustable  expansion  valves  ut  the  back, 
worked  by  separate  eccentric.  During  the  trial  the 
cut-off  took  place  at  3i  in.  of  the  stroke. 

5oi/er.— Cornish,  22  11.  long,  6  ft.  in  diameter, 
with  single  flue  32  in.  in  diameter.  The  boiler  was 
fed  from  the  hot  well,  the  water  being  pumped 
through  a  heater  flxed  in  the  boiler  flue. 

Duration  of  experiment 10  hours. 

Quality  of  coal  used Duffryn  steam  coal. 

Quantity  of  coal  used 11  cwt. 

Quantity  of  water  evaporated,       1,108  gallons. 
Quantity  of  water  evaporated 

per  lb.  of  coal 9  lbs. 

Pressure  of  steam 50.9  lbs.  jMjr  sq.  in. 

Mean  vacuum 27  in. 

Quantity  of  water  thrown  off  by 

condenser  per  minute 410  lbs. 

Mean    temjieraturc    of    water 

used  for  condensing 88^ 

Mean  temiierature  of  water  as 

discharged  from  condenser. .  82° 

Revolutions  of  engine  per  min., 

by  counter 60.03 

Power  developed  (indicated)..  47  H.  P. 

Power  developed,  as  measured 

by  brake 40  H.  P. 

Consumption  of  coal  per  hour 

per  indicated  horse-power. .  2.6  lbs. 

Consumption  of  coal  per  hour 

per  dynamctrical  horse-p'r,         8.06 
Ratio  of  expansion,   allowing 

for  clearance,  etc 1 : 8.6 

It  will  be  seen,  from  the  above  particu- 
lars, that  the  mean  vacuum  and  the  indica- 
ted power  developed,  are  practically  identical 
with  those  obtained  during  the  trial  of 
Messrs.  B.  Doukin's  engine,  and  the  con- 
sumption of  coal  per  indicated  horse-power 
per  hour  is  also  the  same.  It  will  be  re- 
marked, however,  that  the  pressure  of  the 
steam  is  10  lbs.  higher  than  during  Messrs. 
Farcy  and  Donkin's  trials,  and  that — owing 
probably  to  a  better  quality  of  coal  being 
used — the  evaporation  of  water  per  pound 
of  fuel  was  higher  than  in  the*  case  of  these 
last-mentioned  experiments,  being  9  lbs. 
against  8.72  lbs.,  and  this  circumstance 
should,  as  we  pointed  out  in  our  previous 
article,  be  taken  into  consideration  in  com- 
paring the  performances  of  the  two  engines. 
Adopting  the  far  better  method  of  compari- 
son proposed  by  Messrs.  Farey  and  Donkin, 
and  already  fully  described  by  us,  we  find 
that  the  quantity  of  heat  discharged  into 
the  condenser,  per  indicated  horse-power  per 
minutOf  was  more  than  16  per  cent  less  in 
lie  ease  of  Messrs.  B.  Donkin  and  Co.*s 


engine,  than  in  that  of  the  engine  tobedlj 
Mr.  Pinchbeck.  Thos,  in  the  latter » 
stance,  the  average  quantity  of  water  di^ 
charged  from  the  condenser  was  410  Ibi.  per 
minute.  This  quantity  of  water  wieheiul 
from  SS"*  to  82'',  or  44'' ;  and  mnltipljiig 
410  by  44,  we  get  18,040  as  the  BBabcr 
which,  divided  by  the  indicated  horse-peitr 
developed,  gives  Messrs.  Farey  and  D«* 
kin's  *'  constant."  In  the  case  of  tke  ci* 
gine  tried  by   Mr.   Pinchbeck,  this  '*  eoi- 

stant"  is  —^=  383.8,  while  the  "«». 

stant "  obtained  daring  the  trial  of  Means. 
B.  Donkin  k  Co.'s  engine  was  322.^7,  or 
16.2  per  cent  less.     Considering  that  the 
quantity  of  fuel  burnt,  per  indicated  burse* 
power  per  hour,  was  the  same  in  the  two 
cases,  and  that  the  evaporative  value  of  the 
fuel  varied  but  about  three  per  cent,  the 
above  difference  of  16.2  per  cent  in  the 
quantities  of  heat  respectively  received  hj 
the  two  condensers,  appears,  at  first  sicht^ 
somewhat  difficult  to  account  for,  even  it  we 
suppose  that  in  Mr.  Pinchbeck's  experiment 
the  hot  well  received  all    the   water  dtf- 
charged  from  the  steam-jackets.    If,  how- 
ever, we  analyze  Mr.  Pinchbeck's  experi- 
ment more  minutely,  we  shall  find  that  the 
various  results  agree  very  closely,  and  thil 
any  errors  of  observation  which  may  hire 
occurred,  must  have  been  very  small.    If 
this  had  not  been  the  case,  we  might  htre 
supposed  either  that  the  quantity  of  water 
evaporated  must  have  been  somewhat  great- 
er,  or   the  quantity  of  condensing  water 
must   have   been   less,    or   have  been  less 
highly  heated  during   its  passage  thnAigk 
the  condenser.     Thus,  1,108  gals,  of  water 
were   evaporated   during  the  ten   hoars  = 
1,108  lbs.  per  hour  =  18.46  lbs.  per  minute, 
and,  of  course,  the  same  quantity  of  water 
returned  to  the  boiler  as  feed  at  a  tempera- 
ture (the  feed  beine  taken  from  the  hot  well) 
of  82''.     The  total  heat  of  steam,  at  a  pret- 
sure  of  52  lbs.  above   the   atmosphere,  is 
1,205.4^,  .and   the    qnantity  of  heat  with- 
drawn from  the  boiler,  per  minute,  wa<9  thus 
(1,205.4—82)  X  18.46=  20,737.96,  or.  say. 
20,738  thermal  units.     If  now  we  suppose 
(as  was  probably  the  case)   that  the  water 
discharged  from   the    steam-jackets  foand 
its   way   into    the   hot   well,   the   manner 
in  which  the  above  qnantity  of  heat  wcmld 
be  disposed  of  would  be  as  follows:  Sub- 
tracting  from   the   410  lbs.  of  water  dis- 
charged from  the  condenser  per  minate,  the 
18.4()  U>8.  resulting  from  tlio  ooDdeBalion 
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if  the  steam,  wo  get  391.54  lbs.  as  the 
imantity  actually  raised  in  temperature  44**, 
Ad  891.54  X  44  =  17,227.76,  or,  aay,  17,- 
ESS  thermal  units  of  heat  are  thus  account- 
id  for.     Again,  the  quantity  of  heat  actual- 

j  oonyerted  into  work  would  be  — ^-70^ — 

B  2,009  units,  and  there  would  thus  be  but 
.,501  anits  to  be  accounted  for  by  losses  by 
adiation,  etc.  The  summary  would  be  as 
bllowa  : 

Thermal  units 
per  minute. 

Converted  into  work 2,009 

Imparted  to  condensing  water. . . .  17,228 
Lost  by  radiation,  etc 1,501 

20,788 

We  have  said  that  the  difference  of  16.2 
ler  cent  in  the  ''constants''  obtained  in  the 
iro  oases  we  have  considered  is,  under  the 
ireumstances,  somewhat  difficult  to  account 
or ;  but  it  is  no  doubt  due  to  the  fact  that, 
tOt  only  was  the  expansion  carried  to  a  less 
ztenty  but  both  the  initial  and  final  tempe- 
atares  of  the  condensing  water  were,  in  the 
ase  of  the  engine  tested  by  Mr.  Pinchbeck, 
ower  than  in  the  case  of  the  engine  at 
tiessrs.  B.  Donkin  &  f)o.,  although  the 
^aeuom  was  the  same  in  both  cases.  Of  the 
tifeot  of  such  di£fcrences  of  temperature  and 
if  the  degree  of  expansion  on  the  "  con- 
tants  "  proposed  by  Messrs.  Farey  and  B. 
Donkin,  jr.,  we  intend  to  speak  fully  on  an 
tarlj  occasion  ;  and  we  shall  then  show  that 
he  fiact  of  such  differences  having  the  effect 
ire  have  stated,  in  no  way  diminishes  the 
ralne  of  the  '* constants"  as  standards  of 
M>mparison,  but,  on  the  other  hand,  rather 
acreaaes  it. 


fuench  military  telegrapii& 

IVAaalated  for  <*  Engineering  »  from  «  La  T616gra- 
phie  Militaire/'  Paris,  1869. 

Tho  following  are  details  of  the  military 
electric-telegraphic  apparatus  used  in  the 
experiments  in  the  camp  at  Chalons,  last 
imnmer : 

Electric  Telegraph, — For  military  purpo- 
808  it  is  desirable  that  the  apparatus  should 
not  only  be  simple  in  itself,  but  should  be 
capable  of  being  used  in  connexion  with  the 

Ermanent  lines  of  telegraph  already  cstab- 
hod.  Keeping  these  ends  in  view,  a  mod- 
ification of  Morse's  recorder,  constructed  by 
M.  Dugny,  from  designs  furnished  by  the 
Bineaii  des  Telegraphies,  and  known  as  Lc 


Poste  Militairo,  was  adopted  and  found  to 
answer  well.  This  apparatus  is  contained  in 
a  box,  to  the  bottom  of  which  it  is  secured 
by  slides.  The  manipulator  is  placed  on 
the  right  of  the  small  shelf  supporting  the 
recorder;  on  the  left  are  the  galvanometer 
to  show  the  strength  of  the  current,  and  a 
paratonn^re  to  protect  the  operator  from  the 
shock  of  unforscen  accumulations  of  electri- 
city in  the  wires  in  stormy  weather.  The 
sides  and  front  of  the  box  fold  down,  so  as 
to  permit  of  the  instrument  being  used  with- 
out necessitating  its  removal  from  its  case. 

The  connection  between  the  stations  was 
kept  up  partly  by  wires,  partly  by  a  cable 
laid  along  the  ground. 

Wires, — These  were  of  copper,  1.6  mil.  in 
diameter,  weighing  22.5  kilog.,  and  costing 
about  100  francs  per  kilora.  This  wire 
proved  an  excellent  conductor,  and,  with 
care,  could  be  us6d  with  intervals  of  200 
and  300  m.,  or  even  more,  between  the  sup- 
ports. 

Cables. — Several  kinds  were  tried.  In 
the  last  experiments  the  cable  was  formed 
of  a  core  of  five  annealed  copper  wires,  bound 
round  with  white  cotton  thread,  over  which 
was  a  coating  of  gutta-percha,  and  then  a 
layer  of  oakum,  the  whole  being  bound  round 
twice  with  cotton  tape  steeped  in  vulcanized 
india-rubber.  It  weighed  85  kilog.,  and 
cost  320  francs  per  kilom.  It  was  perfectly 
insulated,  and  a  good  conductor^  When 
laid  along  the  ground  it  suffered  little  from 
wheels  and  the  feet  of  horses  passing  and  re- 
passing over  it.  But  it  had  serious  defects. 
It  was  rather  too  large  in  its  diameter,  and 
very  weak,  stretching  sufficiently  to  injure 
the  core  with  a  strain  of  30  kilog.,  and 
breaking  with  one  of  40  kilog.  The  wires 
of  the  core  were  so  fine  as  to  be  frequently 
cut  through  in  removing  the  covering  for 
the  purpose  of  splicing. 

Supports, — The  wires  were  supported  on 
light  staves  called  lances,  3  m.  80  c.  in 
length,  200  of  which  made  a  military  wagon 
load.  They  were  sunk  12  in.  in  the  ground, 
and  weighed  up  with  wooden  pickets. 
Where  the  line  made  an  angle,  the  lances 
were  strengthened  with  guy-ropes,  known  as 
haubans,  attached  to  iron  pickets.  The 
lances  could  be  lengthened  by  attaching  two 
or  more,  end  to  end,  by  means  of  rings  called 
anneaux  de  rallonge,  fitted  with  clump 
screws. 

Insulators. — With  spires  of  india-rubber 
made  hollow  so  as  to  fit  over  tho  end  of  the 
lances,  and  surmounted  by  a  small  cylinder 
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of  the  same  material.  The  wires  were  at- 
tached to  the  insulators  by  a  couple  of  turns. 

Iron  cramps  were  also  supplied  which 
could  be  driven  into  the  ground,  or  into  the 
walls  and  trees  cnroiiie  to  support  the  cable 
when  used  in  place  of  wires. 

For  the  transport  of  this  materiel  four- 
horse  tilted  wagons  were  provided  of  three 
descriptions.  Each  wagon  was  supplied 
with  lamps  arranged  for  external  or  internal 
use,  and  carried  a  distinguishing  flag  mark- 
ed wLtb  a  T  in  front.  The  draught  in 
**  marching  order  *'  is  not  stated,  neither  are 
the  kiadn  of  timber  used  in  their  construc- 
tion of  the  wagons  specified.  The  voiture 
poste,  or  traveling  telegraph  office,  was  in 
two  com  part  mo  nts — the  front  serving  as  an 
office,  tho  rear  containing  reels  for  the  wire 
or  cable.  On  the  left  of  the  front  compart- 
meut  (which  was  furnished  with  small  win- 
dows) was  a  table,  to  the' top  of  which  was 
screwed  the  case  containing  the  telegraph. 
On  the  right  was  a  seat  for  two  operators, 
under  which  wore  placed  the  batteries.  The 
**  earth  eonnexion"  was  maintained  by  means 
of  a  wire  communicating  with  the  iron  axle- 
tree,  which  in  its  turn  was  connected  by 
meani  of  the  brass  axle-tree  boxes,  and 
u  metal  rod  running  along  one  of  the 
spokes  with  the  tyre  of  the  wheel.  The 
ooime:iion  was  thus  independent  of  the 
movc^mimts  of  the  vehicle.  Where  a  good 
**  earth  ^'  could  not  be  found  the  wheels 
were  wetted  from  time  to  time,  or  the  wire 
was  detached  from  the  axle-tree,  and  tilted 
to  a  hollow  iron  picket  provided  with  holes 
and  filled  with  water,*  which  was  driven 
into  the  ground  under  the  wagon.  This 
could  of  course  be  done  only  during  a  halt. 

The  other  wire  was  connected  with  the 
metal  work  supporting  the  reels,  and  through 
it  with  the  iron  cheeks  of  the  latter,  against 
which  one  end  of  the  wire  or  cable  was 
damped.  These  two  wires,  like  those  con- 
necting the  telegraph  with  the  batteries, 
were  of  copper  coated  with  gutta-percha. 
The  contact  was  secured  each  time  the  tele- 
graph was  put  in  work,  by  means  of  small 
brass  button-headed  screws,  known  as  bomes, 
serrt^s  fils,  and  serrdes  lames. 

The  Bides  of  the  front  compartment  were 
fitted  up  with  drawers  and  pockets  for  car- 
riage of  spare  stores,  etc.  The  hind  com- 
partment held  eight  reels,  four  on  cither 
^ide.     The  cores,  cheeks  and  axles  of  these 

*  A  «vppl7  of  water  was  carried  in  a  small  gntta- 
^poba  oi^Lara  fitted  in  rear  of  each  wagon. 


reels  wore  of  i 
The  axles  revc 
iron  rails  runn 
partment,  and 
Some  ingeniou 
for  regulating 
protecting  the 
them. 

Each  reel  a 
wire  if  require 
found  to  be  ab 
reel  to  be  perf 
sidered  prefers 
on  each,  or  1  ] 
scribed.  The 
voiture  poste  ^ 

The  chariot 
was  similar  ii 
somewhat  long 
3  m.  90  e.  It 
a  side,  each  ha 
lances,  thirty  < 
ed  longitudina 
reels.  Each  i 
ply  of  pickets 
ropes,  &c.,  &c. 

One  voiture 
chariot  poste-t 
a  length  of  wi 
day*s  march  o 
The  poste  cei 
poste  without 
being  fitted  u] 
ateliers,  or  sqi 
sergeant,  two  < 
— exclusive  of 
told  o£f  to  eacl 
panying  wire  i 

In  addition 
scribed,  an  eq 
was  provided 
was  called  the 

A  mule  or 
niers,  one  on  c 
egraph  appara 
weight  of  the 
being  also  pr< 
carriage  of  im 
ranged  as  to 
without  remo' 
mule's  back, 
small  light  sqi 
and  a  tripod  ti 
picket  for  '*  ea 
tools.  A  secc 
reels  with  the 
nierwise  acrosi 
chains. 
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Ab  the  nnwinding  of  the  reels  on  the 
Hale's  back  would  not  only  alarm  the  ani- 
■ttl,  but  also  disturb  the  balance  of  the 
load,  a  small  wheelbarrow  was  also  provid- 
•d«  Ught  enough  to  be  lifted  up  in  the  hands 
if  neoeasary,  and  fitted  to  receive  one  pair 
of  reels.  The  mallet  required  for  driving 
Ike  picket  could  be  used  as  a  handle,  so  as 
feo  enable  a  man  to  push  the  contrivance  be- 
bro  him  without  stooping. 

This  little  barrow  often  proved  of  great 
•enrtce,  even  with  the  wagons,  in  passing 
irrer  broken  ground.  In  crossing  streams, 
loo,  it  could  be  placed  in  the  stem  of  the 
boat,  thus  greatly  facilitating  the  **  paying 
oat  "  of  the  cable. 

The  operation  of  laying  down  the  line  was 
oondocted  as  follows  :  A  wire-wagon,  follow- 
ed by  its  voiture  postc,  marched  firsts  both 
vagons  halting  from  time  to  time  to  allow 
»f  the  working  party  keeping  a  little  ahead 
of  them.  The  signals  for  advancing  and 
baiting  were  given  with  a  whistle.  The 
working  party  usually  consisted  of  one  ate- 
lier (15  men)  divided  into  three  subdivi- 
liona,  and  without  arms  or  packs. 

The  sergeant  marched  at  the  head,  mark- 
ing out  the  line  foot  by  foot.  The  first  sub- 
diyision  followed,  digging  the  holes  for  the 
lancea  usually  at  50  to  60  m.  apart,  or  when 
Dable  was  used,  digging  the  little  trenches 
to  receive  the  latter  at  points  where  roads 
had  to  be  crossed,  fixing  the  cramps  for  its 
rapport  at  distances  varying  in  accordance 
with  the  nature  of  the  ground,  &c.  The  sec- 
ond party  unwound  the  wire  or  cable,  making 
the  splices  and  joints.  The  third  then  attach- 
ed the  wire  to  the  lances  fixing  the  latter ;  or 
laid  out  the  cable,  filling  in  the  trenches 
where  such  were  made  for  it,  and  finishing 
llie  line  generally. 

The  work  was  very  arduous.  The  aver- 
age rate  obtained  on  the  most  favorable 
ground  was  two  kilom.  the  hour  with  sus- 
nended  wires,  and  five  kilom.  with  cable. 
In  passing  villages,  &c.,  double  the  above 
lime  proved  requisite. 

For  taking  up  the  line,  five  or  six  men 
Barohing  in  inverse  order  were  sufficient. 
The  rapidity  with  which  this  manoeuvre  was 
ezeenled  equaled  and  sometimes  exceeded 
that  of  ordinary  route  marching. 

In  joining  the  lengths  of  cable,  the  cov- 
ering was  first  removed  and  an  elastic  india- 
rubber  tube  slipped  over  one  length,  the 
wires  were  then  spliced  and  the  india-rub- 
ber tube  drawn  over  the  joint  and  secured 
by  tying  down  the  ^nds  firmly  with  twine. 
Vol.  I— No.  10.— 50. 


This  was  found  to  answer  perfectly  ;  but  as 
the  tying  process  took  up  some  little  time, 
small  cylinders  were  sometimes  substituted 
for  the  india-rubber  tube.  These  conUined 
two  india-rubber  discs  having  holes  in  them 
for  the  passage  of  the  cable,  and  hollow 
screws  at  each  end  working  against  them. 
The  screws  were  made  hollow  so  as  to  allow 
of  the  passage  of  the  cable  through  them. 
The  splice  was  made  in  the  ordinary  way, 
the  tube  drawn  over  the  joint  and  the  discs 
compressed  round  the  cable  by  the  action  of 
the  screws.  A  joint  could  be  thus  made  in 
thirty  seconds.  It  was  found,  however,  that 
the  vibration  of  the  cable  loosened  the 
screws  and  allowed  water  to  leak  into  the 
joints. 

The  experiments  at  Chalons  were  con- 
ducted by  a  corps  formed  provisionally  of 
detachments  of  the  different  regiments  in  the 
camp,  under  the  superintendence  of  some 
officers  of  the  Etat  Major,  assisted  by  some 
employes  of  the  Administration  des  T616- 
graphes.  They  were  of  various  kinds.  On 
one  occasion  when  a  series  of  manoeuvres 
were  executed  in  presence  of  the  Emperor, 
parties  of  the  telegraph  corps  accompanied 
each  division.  Communications  were  kept 
up  between  the  divisions  and  the  head-quar- 
ters, and  with  the  telegraph  station  at  Mour- 
mclon  through  which  despatches  were  trans- 
mitted to  Paris.  On  ^another  occasion  a 
party  of  the  corps,  with  a  voiture  poste  and 
wire- wagon,  accompanied  a  cavalry  recon- 
naissance to  a  distance  of  8  kilom.  from  the 
camp.  They  laid  down  a  line  of  telegraph, 
transmitted  several  reports  to  camp,  and 
took  up  the  line  again  in  time  to  re-enter 
the  camp  with  the  cavalry. 

The  crowning  experiment  was  made  on 
30th  July.  A  party  of  the  telegraph  corps, 
consisting  of  four  officers,  two  civil  employes^ 
70  men,  five  wagons,  including  a  forage  cart 
with  the  baggage,  and  80  horses  and  mules, 
marched  from  the  camp  at  midnight  with 
provisions  for  two  days.  A  line  of  wire,  7  or 
8  kilom.  in  length,  had  been  established  the 
evening  before.  The  night  was  very  dark. 
The  party  arrived  at  its  destination  at  1  A.  M., 
and  immediately  commenced  the  prolongation 
of  the  above  line,  with  the  aid  of  lanterns.  By 
6  A.M.,  24  kilom.  of  line  had  been  completed, 
and  guards  established  along  it.  The  party 
bivouacked  at  Perzy.  The  line  remained  in 
use  36  hours.  At  5  a.  m.,  on  1st  August, 
they  started  again  for  Chalons,  and  re-en- 
tered the  camp  at  10.30  a.  m.,  having  brought 
in  the  whole  of  the  line  of  telegraph. 
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These  experiments  were  considered  highly 
gatisfaetory.  We  learn,  however,  that  the 
Imperial  Government  has  not  considered  it 
expedient  to  establish  a  separate  corps  for 
telegraphic  purposes  at  present ;  the  mate- 
riel has  accordingly  been  made  over  to  a 
company  of  the  Corps  du  G6nie,  by  whom 
the  duties  are  in  future  to  be  performed. 


WHITE  PIG-ffiON  IK  TUE  BESSEMER 
PROCESS. 

Br  Dr.  Apolph  Schmidt. 

It  has  been  found  by  .numerous  experi- 
ments, made  and  repeated  in  all  iron  and 
Bteel  making  countries,  that  white  or  even 
mottled  pig-iron  cannot  be  worked  to  ad- 
vantage in  the  Bessemer  converter.  The 
most  celebrated  brands  of  Bessemer  pig  are 
gray  and  graphitic  to  such  an  extent  as  to 
be  almost  unfit  for  foundry  purposes.  When 
white  or  mottled  iron  is  used  in  the  Besse- 
mer process,  the  first  or  slag-forming  period, 
which  with  good  working  irons,  lasts  from 
nine  to  twelve  minutes,  passes  over  in  five 
or  six,  and  as  the  duration  of  the  second 
and  third  periods  is  generally  unchanged, 
the  whole  charge  is  thus  shortened  about 
five  minutes.  In  the  second  or  boiling 
period  of  the  process,  when  the  carbon  is  in 
full  and  rapid  combustion,  and  a  bright 
flame  with  sharp  outlines  is  rushing  through 
the  mouth  of  the  •converter,  white  iron 
causes  vehement  eruptions,  and  thereby 
considerable  losses  of  metal. 

During  the  third  or  finishing  period,  the 
flame  appears  then  mostly  dull  and  pale,  in- 
dicating a  comparatively  low  temperature  of 
the  metal  in  the  converter.  The  reaction 
of  the  recarburizer  is  slow  and  weak.  The 
final  product,  though  sometimes  of  a  bright 
appearance  in  pouring,  chills  easily  in  con- 
tact with  less  hot  objects.  Parts  of  it  stick 
to  the  interior  walls  of  the  converter,  espe- 
cially near  its  mouth,  and  a  heavy  scull  in 
the  ladle  is  unavoidable.  It  is  evident  that 
a  favorable  percentage  of  ingots  cannot  thus 
be  obtained. 

The  product  is,  besides,  not  of  a  very 
good  quality.  Though  the  white  iron  may 
be  good  and  pure,  the  Bessemer  metal  made 
from  it  shows  frequently  this  peculiarity — 
that  it  can  be  worked  perfectly  well  at  a  red 
heat  or  at  a  white  heat,  but  that  it  cracks 
and  even  crumbles  to  pieces  when  hammer- 
ed at  an  intermediate  or  yellow  heat.  This 
deterioration  by  a  yellow  heat  goes  in  single 
instances  so  far  as  to  make  a  bar,  which  is 


heated  yellow,  break  off  in  being  mafjtj 
bent.  This  peculiarity,  which  no  other  Ut 
Bessemer  metal  eyer  showB,  b  «ftci  lU 
consequence  of  a  cold  charge.  It  hai  bcci 
called  '*  shortness  "  in  Sweden  and  Awtm, 
where  it  sometimes  occurs  with  the  bctf 
brands  of  iron.  After  the  analogy  of  de 
word  **  red-shortness,"  which  is  in  goenl 
use,  '*  yellow-shortness  "  would  perh^n  k 
a  more  appropriate  expression. 

The  effects  above  described  are  pvodiee4 
by  most  white  or  mottled  pig-irou  wbei 
subjected  to  the  pneumatic  procets,  de 
spiegeleisen  not  excepted. 

The  short  duration  of  the  charge,  aid  tk 
coldness  of  the  product,  leads  us  to  eappcw 
that  a  lack  of  carbon  might  be  the  ctme  of 
all  this.  If  not  only  carbon  is  taken  into 
consideration,  but  also  silicon,  sodion, 
potassium,  aluminium  and  other  ingredieati 
which,  at  moderate  temperatures,  nave  Bon 
affinity  for  oxygen  than  carbonhas,  this  fBp> 
position  appears  to  be  well  founded.  For, 
though  a  good  white  iron  contains  genenllj 
nearly  or  quite  as  much  carbon  as  t  gny 
iron,  the  latter,  however,  being  made  at  i 
higher  temperature,  always  contains  t  dkH 
greater  quantity  of  silicon  and  other  matten 
which  require  a  high  temperature  to  bt 
reduced,  and  the  total  percentage  of  car- 
bon and  silicon,  etc.,  is  always  higher  in  a 
good  gray  iron  than  in  a  good  white  iron, 
I  provided  that  the  latter  has  not  been  made 
white  artificially  by  sudden  cooling  in  water 
or  in  iron  molds. 

When  an  iron  containing  a  considerable 
amount  of  silicon  is  worked  in  the  Be^ae- 
mer  converter,  four-fifths  of  the  silicon  and 
only  one-third  of  the  carbon  are  burnt  dar- 
ing the  first  period,  which  takes  over  one- 
half  of  the  time  of  the  whole  charge.  It 
is  seen,  from  this  fact,  that  the  greater  part 
of  the  carbon  is  saved  for  the  latter  half  of 
the  charge,  and  can  then  exert  its  full  heat- 
ing power  on  the  iron,  the  latter  being 
heated  up  slowly  and  gradually  bj  the 
previous  combustion  of  the  silicon.  When, 
on  the  contrary,  a  pig-iron  without  silicon 
is  converted,  the  carbon  enters  very  soon 
into  full  combustion.  The  difference  be- 
tween the  temperature  of  the  gases  pro- 
duced and  that  of  the  molten  iron  is  then 
so  great,  that  the  rapidly  escaping  gaaes 
carry  off  uselessly  a  great  quantity  of  beat 
which  otherwise  might  benefit  the  iron,  and 
the  greater  part  of  the  carbon  is  consnio^ 
befoie  the  time  when  the  heat  would  be 
most  rc(|uircd  and  most  useful. 
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The  heat  produced  by  the  burniDg  silicon 
M  also  more  fully  utilized  than  that  pro- 
laced  by  the  burning  of  the  carbon,  because 
the  product  of  the  combastion  of  silicon, 
m:  silicic  acid  is  not  gas,  but  a  solid  sub- 
liance,  and  does  not  escape  rapidly,  but 
Bombmes  with  the  slag,  and  is  thus  retained 
in  the  conrerter,  where  it  has  ample  oppor- 
tenity  to  communicate  its  surplus  heat  to  the 
metal. 

It  seems,  therefore,  that  not  exactly  a 
Laek  of  carbon  alone,  but  that  a  lack  of 
'*  fuel  '*  in  general,  that  is  to  say,  too  small 
VBk  amount  of  all  the  substances  which  by 
bheir  combustion  produce  the  heat  in  the 
Bessemer  process,  is  the  real  cause  why 
white  or  mottled  pig-iron  cannot  be  worked 
to  advantage.  Guided  probably  by  these 
MDsiderations,  Mr.  Edward  Stockher,  gene- 
ral director  of  the  Imperial  Iron  and  Steel 
Works  at  Neuberg  (Styria),  has  conceived  the 
idea  of  adding  fuel  to  the  Bessemer  charge 
in  case  the  pig-iron  should  not  be  suihcient- 
Ij  gray  to  make  a  hot  charge  by  itself.  Ho 
proposed,  and  tried  with  success,  blowing 
charcoal  dust  into  the  converter. 

The  first  trials  were  made  in  1867,  and 
since  that  time  charcoal  has  been  used  regu- 
larly in  almost  all  the  charges.  At  Neuberg, 
the  pig-iron  is  generally  run  from  the  blast 
furnaces  into  the  converter  without  being 
remelted.  The  iron  must  be  highly  graphi- 
tic to  make  hot  Bessemer  charges  and  to 
produce  a  good  metal.  To  insure  this  de- 
sirable effect,  indepeodently  of  the  unavoid- 
able little  irregularities  in  the  blast  furnace, 
a  great  amount  of  charcoal  had  to  be  used 
for  the  production  of  the  pig-iron,  and  the 
fdmaces  had  to  be  conducted  with  the  ut- 
most care.  Since  the  introduction  of  Mr. 
Stockher's  method  of  blowing  charcoal  dust 
into  the  converter,  a  saving  of  22  cubic  ft. 
of  charcoal  is  effected  per  ton  of  iron  with- 
out injuring  the  quantitative  or  qualitative 
results  of  the  Bessemer  process.  A  sample 
of  the  pig-iron  is  taken  and  inspected  be- 
fore each  charge,  and  the  less  gray  and 
graphitic  it  is  found  to  be,  the  more  char- 
coal dust  is  blown  into  the  converter. 
When  this  operation  is  properly  regulated 
and  managed,  the  charcoal  dust  is  burnt  in 
the  converter  below  the  surface  of  the  iron, 
and  increases  the  heat  to  such  an  extent 
that  excellent  results  are  obtained  from 
mottled  pig-iron.  The  quantity  of  charcoal 
dust  used  varies  from  60  to  200  lbs.  in  a 
charge  of  three  tons. 

According  to  a  communication,  received 


through  the  kindness  of  Mr.  Edward  Juch« 
elka,  at  Neuberg,  the  apparatus  used  for  the 
purpose  consists  of  an  upright  wrought-iron 
cylinder,  ending  below  in  a  narrow  pipe  by 
which  it  is  connected  with  the  main  blast- 
pipe.  The  connecting  pipe  is  provided  with 
a  cock.  The  required  quantity  of  charcoal 
dust  is  put  into  the  cylinder  from  above. 
The  cock  in  the  connecting  pipe  being 
closed,  the  cylinder  is  then  shut  tight  at  the 
top  by  an  iron  plate,  which  is  screwed  on  to 
it.  When  the  blast  is  let  on  and  the  con- 
verter is  turned  up,  the  cock  is  opened. 
The  charcoal  dust  is  then  blown  into  the 
converter  together  with  the  air.  This  is 
distinctly  noticed  by  the  appearance  of  the 
flame.  Wheu»  after  some  time,  the  blast 
ceases  to  carry  charcoal  dust  into  the  con- 
verter, as  it  often  happens,  this  is  also  no- 
ticed at  once  and  easily  helped.  The  blast 
valve  is  then  shut  down  entirely  for  a  few 
seconds.  The  pressure  of  the  blast  depend- 
ing during  this  time  on  the  pressure  in  the 
accumulator  only,  sinks  rapidly  from  20  lbs. 
down  to  14  or  even  to  12  lbs.,  and  when, 
after  this,  the  valve  is  reopened,  the  blast 
continues  to  draw  charcoal  dust  from  the 
cylinder.  As  a  general  rule  the  pressure  of 
the  blast  must  be  kept  pretty  high,  because 
with  a  low  pressure  the  charcoal  is  not  burnt 
in  the  converter  below  the  surface  of  the 
molten  metal,  but  is  carried  through  un- 
changed, and  burns  afterwards  uselessly  in 
the  stack. 

In  November  and  December,  1868,  some 
attempts  were  made  at  Neuberg  to  use  graph- 
ite instead  of  charcoal  dust,  according  to  the 
suggestions  of  Mr.  H.  Brunner,  teacher  at 
the  Leobcn  Mining  School.  As  highly 
graphitic  pig-irons  work  best  in  the  Besse- 
mer process,  Mr.  Brunner  thought  that 
graphite  might  be  more  effective  than  char- 
coal when  blown  through  the  iron.  But 
this  idea  is  based  on  the  probably  erroneous 
supposition  that  gray  pig-iron,  even  when 
in  a  molten  state,  contains  a  considerable 
amount  of  carbon  in  the  shape  of  graphite. 
However,  all  the  well-known  phenomena 
connected  with  the  chilling  of  pig-iron, 
seem  to  prove  that  in  gray  pig-iron,  when 
melted,  nearly  all  the  carbon  is  combined  or 
dissolved,  and  that  it  is  not  present  then  in 
the  shape  of  a  solid  graphite.  When  gray 
pig-iron  is  melted  and  poured  into  cold 
water,  it  appears  white,  because  sufficient 
time  is  not  left  for  the  carbon  to  separate 
from  the  iron  and  to  crystallize  as  graphite. 
The  iron  is  then  retained  in  about  the  saroo 
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molecular  condition  and  construction  whico 
it  had  in  its  fluid  state. 

A  report  on  tbe  experiments  made  with 
graphite,  by  Mr.  J.  Schmiedhammer,  the 
chief  engineer  and  technical  manager  of  the 
Neuberg  works,  is  published  in  *'Oestr. 
Zeitschrift/'  1869,  No.  23.  This  report  is 
the  more  interesting,  as  it  compares  the 
results  obtained  with  graphite  with  those 
obtained  by  the  use  of  charcoal  dust. 

Mr.  Sohmiedhammer  reports  as  follows: 
**  The  experiments  were  made  in  the  small 
converter,  to  get  the  charges  as  small  as 
possible.  The  graphite  used  was  of  the 
best  quality,  and  finely  pulverized.  In  the 
first  charge  50  lbs.  of  graphite  were  blown 
into  the  converter,  that  is,  about  one  per 
cent  of  the  pig-iron.  In  the  three  follow- 
ing trial  charges,  two,  throe,  and  four  per 
cent  of  graphite  were  used.  Immediately 
aft-er  the  third,  and  again  after  the  fourth 
trial  charge  with  graphite,  another  charge 
was  made  with  the  same  pig-iron,  and  under 
the  same  circumstances,  except  that  charcoal 
dust  was  used  instead  of  graphite.  The  pig- 
iron  was  taken  from  the  available  stock,  and 
was  melted  with  coke  in  a  cupola  furnace. 
The  pigs  were  carefully  selected  and  of  uni- 
form appearance.  The  iron  was  mottled 
and  of  such  a  composition  that  it  became 
white  when  cast  into  iron  molds. 

The  results  of  the  six  experimental 
charges  (four  with  graphite  and  two  with 
charcoal  dust)  are  contained  in  the  follow- 
ing table : 


In  comparing  the  reanltB  contaiBediithB 
above  table  we  are  led  to  the  foUoviigcti- 
clusions :  Graphite*  wken  blown  istt  lU 
converter,  does  not  remedy  to  a  lack  <£  ctt- 
bon  in  the  pig-iron.  The  graphite  aeeai  to 
bum  but  incompletely*  if  it  bum  al  iD. 
This  fact  is  also  indicated  by  the  Iim, 
which  has  a  more  or  less  dull  and  cloidj 
appearance  in  proportion  ms  graphite  it 
used. 

Graphite  does  not  lengthen  the  first  perioi 
of  the  process.  This  is,  however,  doae  bf 
the  charcoal  dust,  the  use  of  which  then* 
fore  counteracts  the  dispoaition  of  noitlei 
pig-iron  towards  producing  vehement  di»> 
charges  from  the  mouth  of  the  vessel. 

Graphite  is  not  able  to  make  a  cbip 
with  mottled  iron  hot  enough,  not  efea 
when  the  iron  is  very  hot  in  l^ing  run  into 
the  converter. 

The  product  obtained  with  graphite  lu 
all  the  qualities  of  a  metal  reauTting  frooi » 
cold  charge.  It  chills  easily*  and  is  ikort 
at  a  yellow  heat.  The  slag  is  pasty  ind 
tough,  and  not  very  fluid.  CTreat  losMi  an 
caused  by  discharging  and  sculling. 

With  graphite  the  pressure  of  the  Hut 
has  to  be  diminished  considerably  doriBgtk 
second  period,  to  avoid  too  copioss  dis- 
charges. This  is  necessary  but  to  a  veiy 
small  extent  when  charcoal  dust  is  used. 

The  charges,  Nos.  905  and  950,  maiie 
with  mottled  iron  and  charcoal  dust,  vere  u 
regular  and  good  as  if  gray  iron  had  beea 
used.     The  duration  of  the  first  period  vm 
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Bormal.  The  metal  proved  to  be  of  good 
(valitj.     The  slag  was  very  fluid." 

From  this  report,  and  from  the  fact  that 
Mr.  Stockher's  method  is  in  oontinual  and 
raeeessfol  use  at  Neuberg,  we  may  infer 
that  to  work  mottled  iron  by  the  Bessemer 
proe«88,  fuel  is  required,  and  that  this  fuel 
nrast  be  sueh  as  to  bum  readily  with  air  at 
%  moderate  temperature. 

Some  kind  of  gaseous  fuel,  for  instance, 
ordiojury  illuminating  gas,  when  used  with 
die  necessary  precautions  against  explosion, 
would  perhaps  make  it  possible  to  convert 
ereii  a  white  pig-iron  to  advantage  into  Bes- 
semer metaL  The  economy  of  such  a 
proceeding  would  depend  on  local  circum- 
atanoes. 

MODERN  ORDNANCE. 

From  the  opening  acfdress  of  Sir  Williav  G.  Arv- 
STBOve  before  the  Inatitute  of  Meohanioal  Engi- 
Boera,  at  NewoMtle. 

When  battles  were  fought  hand  to  hand, 
war,  80  far  as  mechanics  are  concerned,  was 
an  affitir  of  muscular  force,  and  was  in  that 
form  the  most  sanii^uinary,  because  combats 
were  the  most  close.  When  other  forces 
were  called  into  play,  inventive  appli- 
ances became  necessary,  and  these,  as  they 
have  advanced,  have  more  and  more  widened 
the  distances  separating  combatants,  and 
kave  thus  operated  to  prevent  that  greater 
sacrifice  of  life  which  would  otherwise  have 
resulted  from  the  employment  of  more  de- 
itmctive  weapons.  It  is,  therefore,  not  to 
be  sapposed  that  future  wars  will  be  ren- 
dered more  murderous  by  the  intervention 
of  the  engineer ;  on  the  contrary,  we  may 
fairly  anticipate  that  the  more  the  element 
of  intelligence  supersedes  that  of  animal 
force  in  military  struggles,  the  more  will  the 
barbarity  of  war  be  mitigated.  Science 
natnrally  sides  with  civilization,  and  tends  to 
establish  a  supremacy  over  barbarism,  and 
we  find  this  tendency,  as  in  the  case  of  the 
late  Abyssinian  war,  not  only  giving  over- 
whelming superiority  to  the  cause  of  civili- 
sation, but  deciding  the  issue  with  the  least 
possible  waste  of  life.  But  whatever  our 
sentiments  may  be  in  regard  to  war,  it  would 
be  absurd  to  contend  that  we  ought  to  with- 
hold from  invention,  when  the  object  sought 
to  be  attained  is  the  destruction  of  life  and 
property.  It  is  our  province,  as  engineers, 
to  make  the  forces  of  matter  obedient  to  the 
will  of  man,  and  those  who  use  the  means 
we  supply  must  be  responsible  for  their 
legitimate  application. 


It  will  be  in  the  recollection  of  the  mem« 
bers  of  this  institution  who  visited  the  Els- 
wick  works  on  the  occasion  of  the  last  meet- 
ing at  Newcastle,  that  two  or  three  small 
breech-loading  rifled  guns  were  shown  to 
them  as  novelties  deserving  their  attention. 
Those  guns  had  then  very  recently  received 
the  recognition  of  the  British  Oovemment, 
and  may  be  regarded  as  the  small  beginnings 
of  a  system  of  orduance  which  has  since  at- 
tained a  very  extensive  adoption  in  this  and 
other  countries.  It  was  not  until  the  prin- 
ciple of  rifling  was  adopted  for  military  fire- 
arms, that  these  weapons  presented  much 
scope  for  the  mechanician's  art,  but  the  in- 
troduction of  rifling,  and  the  change  in  the 
form  of  the  projectile  from  a  sphere  to  a 
pointed  cylinder,  brought  about  a  complica- 
tion of  new  conditions  which  it  has  required 
years  of  research  and  experiment  to  meet 
and  satisfy.  Passing  over  the  subject  of 
rifled  small  arms,  which  of  late  has  called 
forth  a  great  amount  of  ingenuity  and  skill, 
I  will  speak  of  artillery,  as  being  that  di- 
vision of  gunnery  with  which  I  am  person- 
ally connected. 

The  most  important  of  all  the  considera- 
tions affecting  modern  artillery,  is  how  to 
obtain  the  strongest  possible  tube  with  the 
least  possible  weight.  Before  I  state  my 
views  as  to  the  best  mode  of  attaining  this 
object,  I  must  call  attention  to  the  condi- 
tions affecting  the  force  to  be  resisted. 
When  a  charge  of  powder  is  fired  in  a  gun, 
it  is  converted  into  gas  at  an  exceedingly 
high  Ifemperature,  and  the  pressure  exerted 
is  due,  even  in  a  greater  degree,  to  the  heat 
than  to  the  quantity  of  gas  produced.  But 
the  heat  evolved  is  not  wholly  realised  in 
augmentation  of  pressure,  a  considerable 
part  of  it  being  absorbed  by  the  material  of 
the  gun.  The  heating  of  a  gun  by  firing  is 
an  effect  familiar  to  every  one,  and  it  affords 
an  indication  both  of  the  quantity  of  heat 
abstracted  from  useful  effect,  and  also  the 
amazingly  high  temperature  of  the  gas  be- 
fore it  escapes  from  the  gun.  Fifty  rounds 
fired  in  quick  succession  from  a  field-piece, 
will  make  it  so  hot  that  it  cannot  be  touched. 
Since  the  flame  is  only  in  contact  with  the 
bore  for  about  the  150th  part  of  a  second 
at  each  discharge,  it  follows  that  the  aggre- 
gate duration  of  the  flame  contact  by  which 
the  gun  is  thus  heated  in  fifty  rounds,  only 
amounts  to  one-third  of  a  second.  The  thio 
film  of  heated  matter  deposited  on  the  sur- 
face of  the  bore  at  each  discharge,  contri- 
butes, in  some  moasore,  to  ibis  rise  of  tern- 
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Vor  tkese  we  require  the  greatest  strength 
va  oan  aiUin,  and  oast-iron  cannot  possibly 
be  vegarded  as  so  efficient  for  enveloping  the 
iatamal  tube  as  either  wrought-iron  or  steel. 
Im  discussing  which  of  these  two  materials 
i»  beat,  I  shall  be  trespassing  on  oontrover- 
•ial  ground.  Krupp  and  Whitworth,  both 
gpmit  names  in  gunnery,  though  differing 
widely  in  their  views  on  other  points,  agree 
im  this,  tbat  steel  is  the  right  material  for 
the  entire  gun.  I,  on  the  other  hand,  have 
•Iwsys  advocated  wrought-iron  in  the  form 
of  welded  coil  for  the  chief  mass  of  the 
gall,  limiting  the  use  of  steel  to  the  inter- 
nal tube,  which  has  abrasion  to  resist  as 
well  M  tensile  strain.  The  expression  of 
my  opinion  upon  this  point  may  probably 
not  be  considered  impartial,  but  I  will  never- 
theless state  the  grounds  upon  which  my 
preference  of  wrought-iron  thus  applied  is 
Msed.  It  has  been  found  both  in  Elswick 
and  Woolwich  guns,  that  whenever  failure 
takes  place,  it  almost  invariably  originates 
with  that  part  which  is  made  of  steel.  It 
is  the  steel  tube  which  is  nearly  always  the 
first  to  crack.  80,  also,  when  the  vent- 
pieces  or  closing  blocks  of  the  breech-load- 
ing guns  were  made  of  steel,  their  fracture 
was  alarmingly  frequent,  but  since  wrought- 
iron  has  been  substituted,  such  occurrences 
are  rare.  The  conclusion,  therefore,  at 
which  I  long  since  arrived,  and  which  I  still 
maintain,  is  that,  although  steel  has  much 
greater  tensile  strength  than  wrought-iron, 
It  is  less  adapted  to  resist  concussivo  strain. 
This  conclusion  is  in  strict  harmony  with 
the  fact  that  armor-plates  made  of  steel 
have  proved  on  every  occasion  of  their  trial, 
greatly  inferior  to  plates  of  wrought-iron. 
The  experiments  which  I  made  some  years 
ago  on  the  toughening  of  steel  in  large 
masses,  by  immersion,  when  heated,  in  oil, 
led  me  to  expect  that  this  fragility  would  be 
obriated  by  that  process,  and  I  felt  sanguine 
that  I  should  be  able  by  such  treatment  to 
produce  steel  armor-plates  of  extraordinary 
resisting  power.  An  armor-plate  of  steel 
was  accordingly  manufactured  for  experi- 
ment, and  was  tempered  in  a  large  bath  of 
oil.  Its  quality  was  tried  by  test  pieces  cut 
off  after  tempering,  and  proved  by  tension 
and  bending.  The  results  showed  a  very 
high  tensile  strength,  combined  with  so 
much  toughness,  that  I  was  unable  to  match 
its  bending  power  by  any  sample  of  iron  I 
could  compare  with  it.  The  plate  wan  then 
sent  to  Portsmouth  for  trial,  in  the  fullest 
eonftdenoo  of  its  success,  but  two  shots  from 


a  68-pounder  sufficed  to  break  it  in  various 
directions,  and  it  was  justly  pronounced  a 
failure. 

With  these  experiences  before  me,  it  is 
impossible  that  I  can  hold  any  other  opinion 
than  that  the  vibratory  action  attending  ex- 
cessive concussion  is  more  dangerous  to  steel 
than  iron,  and  were  it  not  necessary  to  pro- 
vide a  harder  and  more  homogeneous  sub- 
stance than  wrought-iron  for  the  surface  of 
the  bore,  I  should  entirely  discard  the  use 
of  steel  for  the  manufacture  of  ordnance. 
I  do  not  mean  to  contend  that  very  strong 
guns  may  not  be  made  of  steel,  but  I  am 
convinced  that  failures  will  be  more  frequent, 
and,  I  may  add,  more  disastrous,  with  steel 
than  with  iron,  when  the  conditions  of  trial 
are  the  same.  The  want  of  uniformity  in 
the  quality  of  steel,  continues  to  be  another 
serious  objection  to  its  use  ;  and,  in  addition 
to  all  these  considerations,  the  element  of 
cost  is  greatly  in  favor  of  the  wrought-iron 
coil  construction  over  every  mode  of  manu- 
facture in  steel. 

I  will  now  offer  a  few  remarks  upon  the 
interesting  question  of  the  probable  futuro 
of  guns.  Upon  the  solution  of  this  question 
depends  the  pattern  of  future  ships,  and 
also  the  policy  of  continuing  or  abandoning 
the  struggle  of  armor-plates  against  guns. 
From  my  previous  remarks  on  the  increase 
of  pressure  witb  which  we  have  had  to  con- 
tend as  wo  have  increased  the  sise  of  our 
guns,  it  might  be  inferred  that  we  were  now 
nearly  reaching  a  limit,  beyond  which  the 
strength  and  endurance  of  our  material 
would  not  enable  us  to  pass.  I  am  not  pre- 
pared to  say  how  far  we  could  have  advanced 
under  the  recently  existing  conditions ;  but 
certainly  every  increase  of  size  would  have 
been  attended  with  increase  of  difficulty. 

A  new  light,  however,  has  just  dawned 
upon  the  subject,  which  entirely  alters  the 
prospect.  It  has  become  apparent  that  the 
power  which  we  have  been  using  can  be  so 
modified  as  to  produce  the  required  effect, 
with  greatly  less  strain  upon  the  gun.  It 
may  appear  paradoxical  that  there  should  bo 
a  limit  to  the  theoretical  advantage  of  in- 
creasing the  initial  pressure  of  the  gas 
evolved  in  the  gun,  but  the  apparent  anom- 
aly will  disappear  on  examination.  The 
action  of  expanding  gas  in  a  gun  is  analo- 
gous to  that  of  expanding  steam  in  the  cyl- 
inder of  a  steam  engine,  and  we  all  know 
the  advantage,  in  the  case  of  steam,  of 
having  a  high  pressure  to  begin  with,  pro- 
vided a  steam  jacket  be  used  to  main^tin 
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I  iron  proved  absolutely  useless  for  pro- 
jtetUes  to  be  used  against  thick  armor- 
plates,  and  until  Major  Palliser  applied  the 
jKOotas  of  chilling  to  the  manufacture  of 
MBi-iron  projectiles,  there  was  every  reason 
Id  believe  that  hardened  steel  was  the  only 
■aterial  that  could  be  used  for  this  purpose 
irith  effect.  The  process  of  chilling  giveif 
exlreme  hardness  to  cast-iron,  but,  in  poijit 
of  toughness,  a  chilled  cast-iron  shot  is  in- 
lerior  to  one  of  steel.  Steel,  however, 
tlMHigh  much  less  liable  to  break,  is  more 
eaailj  crushed ;  and  this  brings  me  to  notice 
a  cnrious  evidence  of  difference  in  the 
ttBOunt  of  the  penetrative  power  lost  by 
onuhing  and  by  breaking.     A  crushed  pro- 

Ktile  is  always  much  less  heated  by  the 
iw,  but  the  fragments  of  a  chilled  projec- 
tile remain  cool.  Hence,  we  see  that  crush- 
ing detracts  more  from  the  power  of  a  pro- 
jectile than  breaking,  because  the  heat  de- 
veloped in  a  projectile  by  striking  a  plate, 
is  a  criterion  of  the  amount  of  force  ex- 
pended upon  the  projectile,  instead  of  the 
plmie.  We  accordingly  find  that  a  Palliser 
■hot  breaking  by  impact,  will  nevertheless 
pierce  more  easily  than  a  steel  shot  which 
remains  whole,  but  yields  to  crushing. 

As  to  the  proper  form  of  head  to  be  given 
to  the  projectile  for  piercing  armor,  you  will 
remember  that  a  few  years  ago  this  question 
was  hotly  contested  between  the  supporters 
of  round  heads  and  flat  heads  ;  but,  as  often 
happens  in  the  case  of  human  contentions, 
not  limited  to  the  sphere  of  mechanical  en- 
gineering, both  parties  were  afterwards 
proved  to  be  wrong.  When  Major  Palliser 
Drought  forward  his  chilled  projectile,  he 
advocated  a  pointed  head,  and  with  the  new 
material  he  was  found  to  be  right.  Major 
Palliser  has  competitors  on  the  Continent, 
whose  claims  I  cannot  pretend  to  weigh,  but 
in  this  country,  at  all  events,  he  is  entitled 
io  the  honor  of  improving  both  the  material 
and  the  form  of  the  projectile,  thereby 
greatly  increasing  the  penetrative  power  of 
oar  artillery,  and,  at  the  same  time,  effect- 
ing an  enormous  economy  in  the  manufac- 
tore  of  projectiles. 

The  most  legitimate  use  of  instruments  of 
war  is  for  the  purpose  of  home  defense,  and 
ly  therefore,  proceed  with  satisfaction  to 
notice  a  olass  of  inexpensive  vessels  requir- 
ing no  armor,  and  adapted  to  render  the 
heaviest  artillery  available  for  the  protection 
of  our  shores  and  harbors.  Until  very  re- 
eentlj»  there  seems  to  have  been  an  impres- 
non  that  largo  guns  required  largo  vessels  to 


carry  them  ;  but  the  fallacy  of  this  idea  has 
been  practically  shown  by  the  proving  barge 
of  the  ElswicK  works,  which  is  a  mere 
floating  gun  carriage.  This  little  vessel* 
which  IS  onl^  sixty  tons  burden,  is  continue 
ally  used,  without  difficulty,  for  the  trial  of 
twelve  ton  guns  at  sea,  even  when  the  swell 
b  considerable.  This  proving  barge  was 
the  origin  of  Mr.  Rendell's  idea  of  the  now 
well  known  gunboat  Staunch.*  The  Els- 
wick  barge  has  no  steam  power,  and  thus 
represents  the  minimum  of  size;  but  the 
Staunch  is  provided  with  steam  power,  both 
for  propulsion  by  means  of  twin  screws,  and 
for  working  her  twelve-ton  gun.  She  is* 
therefore,  somewhat  larger  than  the  Ebwick 
barge,  and  yet  so  small  as  to  be  very  inex« 
pensive,  and  at  the  same  time  a  very  diffi- 
cult mark  to  hit.  To  burden  such  a  vessel 
with  armor,  would  at  once  increase  her  size 
and  her  cost,  thus  rendering  her  more  easy 
to  hit,  and  more  expensive  to  lose.  A  sim- 
ple screen  might,  perhaps,  be  advantageously 
applied  as  a  protection  against  shrapnel; 
but  thick  armor,  if  used  at  all,  should  be 
reserved  for  ocean  ships.  I  have  so  recently 
published  my  views  on  the  subject  of  this 
vessel,  that  X  need  not  now  repeat  them  fur- 
ther, merely  observing  that  guns  of  the 
largest  size  now  made,  or  ever  likely  to  be 
made,  may  be  mounted  in  vessels  similar  to 
the  Staunch,  without  increasing  their  ton- 
nage in  more  than  a  proportionate  degree. 

Another  recent  invention,  highly  favora- 
ble to  defense,  is  the  celebrated  gun  carriage 
of  Captain  Moncrieff.  By  the  ingenious  ar- 
rangement of  the  carriage,  the  recoil  of  the 
gun  operates  in  a  downward  direction,  and 
in  descending  it  lifts  a  counterweight,  which* 
when  liberated,  after  loading,  raises  the  gun 
again  to  the  height  necessary  for  firing  over 
the  edge  of  a  parapet.  By  this  mechanism, 
the  gun  is  handled  with  almost  perfect  se- 
curity to  the  men,  and  is  itself  exposed  in 
the  smallest  possible  degree,  and  only  for  a 
few  seconds  while  being  fired.  No  embra- 
sures being  required,  the  gun  is  not  re- 
scricted  in  lateral  range.  This  is  the  char- 
acteristic advantage  of  the  barbette  system 
of  mounting  guns,  which  has,  however,  the 
fatal  objection  of  exposing  both  guns  and 
gunners.  Embrasures  are  always  a  source 
of  trouble  in  fortifications.     They  not  only 

*  The  idea  of  floating,  lelf- propelling  gnn  earriagee, 
wai  original  with  the  late  Edwin  A.  Stevens,  one  of 
the  projectors  of  the  *<  Stevens  Batterv,''  and  tho 
first  praetiee  in  this  direetion  was  that  of  the  Stevona 
gun  boat  «  Naugataoky'*  daring  the  Ul«  war.— S&. 
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jk.  Muck-bar  firom  Penn.  IVimace,  Ellershausen 

procesa. 


a. 

6. 

e. 

d. 

Iron 

98.01 
.21 
.93 
.59 
.08 
1.06 
8.86 
.84 

98.40 
.41 
.28 
.65 
.08 
4.81 
.21 
.21 

94.45 

trace. 

.41 

.22 

.009 

1.84 

8.18 

.40 

Wttntfaimae •.« 

SflicTom   

.81 
.19 

Snlphor 

trace. 

Cwbon combined  .'... 
Gnphite 

4.74 
.24 

Rla«  .........*  T  ^  T ' « 

.81 

•*■•» • 

f. 

/. 

K- 

A. 

Ctiboo 

.84 

.17 

.25 

trace. 

.29 
.16 
.22 

.81 

.07 

.16 

none. 

.24 

&niciiimr  .  -  T « T  t  • . . . « 

.05 

Fbonhorus  ••••••••• 

.15 

SnipSur  • .../.... . . 

none. 

The  ore  used  for  mixing  in  the  EUers- 
htneen  process  was  a  brown  hematite,  con- 
teining  .21  phosphoric  acid,  63.00  peroxide 
of  iron,  18.00  water,  balance  almost  exolu- 
airely  silica  and  alumina. 

In  the  iron  of  Lyon,  Shorb  &  Co.,  from 
eold  blast  charcoal  iron,  there  is  no  percepti- 
ble difference  between  the  puddled  and  the 
Ellershausen  iron,  as  far  as  the  analysis 
goes.     Mr.  William  M.  Lyon  considers  the 


Ellershausen  iron  supperior  to  the  puddled 
iron  when  brought  to  practical  test. 

In  the  experiments  of  Messrs.  Shoenber- 
ger  &  Co.,  it  has  been  shown  that  the  sul- 
phur is  far  more  thoroughly  eliminated  bj 
the  Ellershausen  than  by  the  puddling  pro- 
cess. 

We  shall  give,  in  a  future  number,  the 
results  of  the  Ellershausen  process  as  tried 
on  a  still  larger  scale,  during  several 
months  regular  working. 

PIL&-DRIVmG  BY  GDKPOWDER. 

From  **  Engineering.'' 

Considerable  attention  has  lately  been 
paid  in  America  to  the  ingenious  method  of 
driving  piles  by  the  explosion  of  gunpowder 
recently  introduced  by  Mr.  Thomas  Shaw, 
of  Philadelphia,  and  we  think  that  Mr. 
Shaw's  system  is  likely  to  be  regarded  with 
equal  interest  on  this  side  of  the  Atlantic. 
Mr.  Shaw's  **  gunpowder  pile-driver  "  as  il 
has  been  named,  consists  merely  of  an  ordi- 
nary pile-driving  engine,  having  a  ram  jSh>- 
vided  with  two  plungers  projecting,  the  one 
from  its  upper,  and  the  other  from  its  lower 
end,  and  fitted,  moreover,  with  an  arrange- 
ment for  retaining  the  ram  at  any  desired 
height.  On  the  top  of  the  pile  to  be  driven 
is  placed  a  casting,  or  cvlinder,  hollowed  on 
the  under  side  to  fit  the  head  of  the  pile, 
and  having  bored  from  its  upper  side  a  hole, 
into  which  the  lower  plunger  of  the  ram  fits. 
In  this  hole  is  placed  a  small  charge  of  gun- 
powder, and  the  ram,  having  been  rais^  a 
few  feet,  is  let  fall,  when  the  lower  plunger, 
entering  the  hole  in  the  cap-piece,  oompres* 
ses  and  heats  the  air,  which  ignites  the  pow- 
der, thus  causing  the  ram  to  be  thrown  up 
again,  ready  for  another  blow,  and  the  cap- 
piece  with  the  pile  to  be  forced  downwards* 
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The  plunger  at  the  top  of  the  ram  is  for  the 
purpose  of  entering  into  an  air  cylinder  at 
the  top  of  the  frame,  and  thus  forming  an 
air  buffer  in  the  event  of  the  ram  being 
thrown  up  too  high.  This  upper  air  cylin- 
der is  also  useful  when  there  is  but  little 
space  available  for  striking  a  blow,  as,  in 
such  cases,  by  hauling  up  the  ram  until  the 
upper  plunger  is  forced  into  the  air  cylinder, 
the  downward  stroke  of  the  ram  is  accele- 
rated. 

So  far  the  action  of  the  apparatus  is  sim- 
ple enough,  and  will  be  readily  understood ; 
but  the  results  obtained  with  it  are  difficult 
to  account  for  satisfactorily.  Inasmuch  as 
in  regular  working  the  ram  is  thrown  up 
again  to  its  starting  point,  it  is  evident  that 
any  work  given  out  by  it  during  its  down- 
ward stroke  must  be  re-absorbed  by  it  dur- 
ing its  upward  stroke,  and,  therefore,  that 
none  of  toe  work  generated  by  the  fall  of 
the  ram  can  be  considered  to  be  available 
for  driving  the  pile.  This  driving  action 
must  therefore  be  performed  by  the  power 
generated  by  the  explosion  of  the  powder, 
and  it  is  the  amount  of  effective  work  thus 
done  by  the  powder  which  appears  to  us  to 
be  the  most  remarkable  point  in  the  whole 
affair.  Thus,  in  the  case  of  a  model  appar- 
atus, lately  exhibited  by  Mr.  Shaw  at  a 
meeting  of  the  Franklin  Institute,  the  ram, 
with  its  plungers,  weighed  73  lbs.,  and  had 
a  fall  of  20  ft.  When  no  powder  was  used, 
a  pile,  placed  under  this  ram,  was  driven  ^ 
in.  at  each  blow;  but  when  a  charge  of  14 
grains  of  white  gunpowder  (composed  of 
chlorate  of  potash,  ferrocyanide  of  potas- 
sium, and  sugar)  was  employed,  the  distance 
which  the  pile  was  driven  at  each  stroke  was 
augmented  to  2  in.,  or  eight  times  its  former 
am'ount.  Now,  if  in  this  case  we  were  to 
consider  the  power  expended  upon  the  pile 
to  be  in  proportion  to  the  distance  which 
the  latter  is  driven,  we  shall  have  the  ex- 
plosion of  14  grains  of  powder  generating 
73X20X8=11,680  foot-pounds  of  work, 
or,  as  14  grains  are  equal  to  -^^i  ^^m  there 
would  be  11,680X500  =  5,840,000  ft.-lbs. 
of  work  developed  by  the  explosion  of  1  lb. 
of  powder !  Inasmuch,  however,  as  a  pound 
of  ordinary  powder,  burnt  in  a  gun,  only 
developes,  on  an  average,  about  180,000 
foot-pounds  of  work,  we  cannot  think — even 
allowing  for  the  white  gunpowder  being 
more  powerful  than  the  ordinary  kind — that 
the  power  developed  by  the  explosion  of 
'he  powder  in  Mr.  Shaw's  pile-driver  is  any- 
iiDg  like  that  above   mentioned;  and  wo 


are,  therefore,  led  to  believe  thai  Ik  el- 
ciency  of  the  apparatus  lies  more  im  Ik  pe- 
culiar character  of  the  thrust  traia£enm  ts 
the  pile  than  to  any  vast  amooDt  of  pgfw 
generated.  In  other'  words,  it  appem  li 
us  that  in  the  gunpowder  pile-4binf  » 
greater  proportion  of  the  driving  power  ii 
turned  to  useful  account  than  when  tk  •> 
dinary  falling  monkey  is  used,  and  thisfief 
of  the  case  is  borne  out  by  the  fact  tbitiilk 
Mr.  Shaw's  apparatus  no  injnrj  is  done  te 
the  head  of  the  pile  itself.  In  the  esse  n 
have  just  been  considering,  the  ram  w»  i 
light  one,  and  its  fall  great,  and  these  ev- 
cumstances  may  at  first  sight  appear  to  kit 
contributed  to  the  great  comparative  roeeea 
of  the  apparatus  when  used  with  powder; 
but  a  reference  to  the  report  of  Mr.  Skw^ 
pile-driver,  recently  made  by  Chief-Engi- 
neer W.  W.  W.  Wood,  U.  S.  N.,  will  ekr 
that,  even  with  a  heavy  ram  and  ikit 
stroke,  the  advantages  gained  by  the  nee  of 
the  gunpowder  were  equally  great. 

That  Mr.  Shaw's  apparatus  forms  a  Terj 
efficient  pile-driving  engine,  Capt.  Wood*i 
report,  and  other  information  which  we  kre 
received  from  reliable  private  sources,  lean 
us  no  reason  to  doubt ;  whether,  however,  it 
is  an  economical  one  we  have  as  yet  not  sif- 
ficient  data  to  enable  us  to  determine.  Ii 
Captain  Wood's  report,  the  quantity  of  pow* 
der  used  is  unfortunately  not  given,  neither 
does  the  report  afford  any  information  con- 
cerning the  number  of  men  required  to 
work  the  machine  when  in  regular  action. 
It  must  be  remembered  that  in  a  well- 
arranged  steam  pile-driver  the  engine  not 
only  serves  for  working  the  ram,  bat  also 
for  lifting  the  piles  into  place,  traversing 
the  machine  as  required,  and  doing  other 
work  which,  if  it  is  to  be  done  economieillT, 
must  be  performed  by  steam  power  in  the 
case  of  Mr.  Shaw's  pile-driver  also ;  and  tk 
question  then  arises  whether,  if  an  engine 
and  boiler  have  to  be  provided,  it  is  not  bet- 
ter to  employ  them  for  doing  all  the  work 
that  has  to  be  done.  As  regards  the  com- 
parative cost  of  developing  power  by  the 
combustion  of  coal  under  a  steam  boiler, 
and  by  the  explosion  of  gunpowder,  there 
can  be  little  difference  of  opinion,  ts  a 
pound  of  coal  burnt  under  the  boiler  of  t 
steam  pile-driver  will,  on  an  average,  allow- 
ing for  all  losses,  produce  about  the  sane 
number  of  foot-pounds  of  effective  work  ai 
a  pound  of  ordinary  gunpowder  burnt  in  the 
chamber  of  a  piece  of  ordnance,  while  the 
cost  of  the  coal  will  in  most  cases  only  k 
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akmi  one-fiftieth  of  that  of  the  powder.  Even 
iqppoBing  the  powder  to  have  the  vastly  in- 
'  efficioncj  estimated  from  the  experi- 
BtB  at  the  Franklin  Institute  above  men- 
1,  the  cost  of  generating  a  certain 
Bwnber  of  foot-ponnds  of  work  would  still 
lie  in  &vor  of  the  coal,  and  it  remains  to  be 

Ked  whether  in  actual  working  Mr. 
f  *8  apparatus  gives,  from  its  handiness 
•ad  rapidity  of  action,  results  which  com- 
pensate for  this  increased  cost  of  generating 
tkepower. 

Whether  Mr.  Shaw's  gunpowder  pile- 
driver  will  be  able  to  compete  successfully 
with  steam  pile-drivers  or  not,  it  will  un- 
doobtedly  render  important  services  in  situ- 
ations where  hand-worked  machines  have 
hitherto  only  been  available;  and  in  any 
ease  its  action  is  in  many  respects  so  pecu- 
liar, that  we  feel  sure  that  its  further  trials 
will  be  watched  with  interest  by  all  who 
have  had  their  attention  directed  to  this 
subject. 

IC&MACHINES  AND  REFRIGERATORS. 

From  **  The  Eninneering  A  Mining  Journal." 

For  a  century  or  more  the  great  problem 
of  converting  heat  into  power  was  being 
solved,  or,  in  other  words,  the  steam-engine 
was  being  brought  into  existence.  It  ad- 
Tanced  through  various  stages,  and  appears 
now  to  have  attained,  perhaps  if  not  its  full 
growth,  at  least  a  very  high  degree  of  de- 
velopment. At  present  another  problem  is 
being  solved — namely,  to  convert  power  into 
eold ;  in  other  words,  to  construct  machines 
to  make  ice,  or  produce  cooling  by  means  of 
the  application  of  power ;  and  as  the  cheap- 
est power  we  possess  is  steam  power,  this  is 
almost  exclusively  used,  when  we  have  the 
problem    to    produce   cold  by   mechanical 


The  production  of  heat  by  mechanical 
means  is  very  ancient.  From  time  imme- 
morial, the  friction  of  two  rubbing  surfaces, 
sach  as  a  grooved  board  and  a  stick,  has 
been  used  by  savage  races  to  produce  fire  ; 
and  the  heating  of  the  axle-trees  of  wagons 
and  machinery  by  friction  was  observed  cen- 
turies ago.  Comparatively  speaking,  the 
practice  and  successful  application  of  these 
phenomena  have  been  carried  out  only  re- 
cently. In  a  few  fftctorics  in  Germany, 
where  there  was  a  surplus  of  water-power,  an 
arrangement  was  made  for  producing  fric- 
tion between  two  cast-iron  surfaces,  which 
became  heated  to  such  a  degree  that  enough 


caloric  was  produced  to  perform  the  func- 
tion of  a  heating  apparatus  for  various  rooms; 
while  Beaumont,  in  1856,  constructed  a  heat- 
ing arrangement  driven  by  power,  where  the 
heat  was  produced  by  the  friction  of  a  very 
elongated  cone  of  soft  meterial,  well  oiled,  and 
which  was  placed  in  a  hollow  metallic  cone,* 
in  which  it  fitted  exactly.  Upon  being  ra- 
pidly revolved,  a  perfectly  noiseless  friction 
was  the  result,  producing  the  full  equivalent 
of  heat,  as  determined  by  Meyer,  Joule, 
Grove,  etc.,  and  to  which  we  have  often  re- 
ferred before,  namely :  one  unit  of  heat  for 
every  772  foot-pounds  power  employed. 
The  specific  heat  of  one  pound  of  water,  be- 
ing nearly  equal  to  that  of  50  cubic  feet  of 
air,  every  772  foot-pounds  will  heat  50  cubic 
feet  of  air  1  deg.,  and  120X772,  or  92,600 
foot-pounds,  will  heat  120x50,  or  6,000  cu- 
bic feet  of  air,  1  deg.  If  we  spend  this 
power  every  minute,  we  will  have  nearly  3- 
i»orse-power,  as  each  horse-power  is  33,000 
foot-pounds  per  minute.  Three  horse-power 
properly  employed  will  therefore  heat  a  space 
of  6,000  cubic  feet  (the  contents  of  a  com- 
mon passenger  railroad-car)  1  deg.  every 
minute.  But  as  three-horse  power  sannot 
bo  obtained  from  a  locomotive,  by  a  con- 
sumption of  coal  of  less  than  30  lbs.  per 
hour,  it  is  seen  at  once  that  it  would  not  be 
an  economic  operation,  as  so  slight  a  calori- 
fic effect  may  be  easily  obtained  from  a  com- 
mon stove,  with  a  consumption  of  less  than 
one-tenth  the  above,  two  to  three  pounds  of 
coal  per  hour  ;  which  is  the  average  amount 
burnt  in  a  stove  of  moderate  size,  and  heats 
a  room  of  the  above  dimensions  sufficiently, 
even  in  the  coldest  season. 

One  of  the  most  remarkable  facts  in  con- 
nection with  the  transformation  of  power 
into  heat,  is  the  perfect  uniformity  of  result, 
whatever  be  the  means  employed  to  accom- 
plish this  transformation.  It  may  be  fric- 
tion of  solids,  of  solids  on  liquids  or  gases, 
through  agitating  them  by  means  of  fan- 
wheels  or  other  means,  compression  of  gases, 
magnetic  attractions,  or  by  retarding  re- 
volving wheels.  In  short,  there  may  be 
any  means  whatever  employed  to  retard  or 
destroy  power  or  motion,  we  will  always  have 
the  uniform  result ;  that  for  every  772  foot- 
pounds apparently  destroyed,  one  unit  of 
heat  will  have  been  obtained — the  only  con- 
dition being  precaution  not  to  lose  part  of 
the  heat  thus  obtained,  nor  to  consume  part 


*  For  dMeriptlon  of  this  appftimtoB,  see  Oini$  Jii- 
dustriel,  Pftris,  1856,  pago  18. 
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of  the  power  employed  in  some  other  man- 
ner. By  observing  these  conditions^  diflfer- 
cnt  experimenters,  employing  a  vnriety  of 
means^  have  obtained  sueh  uniform  results, 
that  the  number  obtained,  772,  represent- 
ing the  equivalent  of  beat  and  power,  is  one 
of  the  most  securely  establtshed  in  the  whole 
field  of  physical  sciences. 

When  converting  heat  into  power,  by 
means  of  the  steam-engine,  the  rcaults  are 
quite  different,  and  the  most  enormous  dis* 
crepanciea  appear,  one  machine  producing 
nearly  110  foot-pounds  per  unit  of  beat,  an- 
other 70,  another  50,  tiud  another  only  35  or 
40 — these  numbers  being  respectively  about 
1.7th,  10th,  loth,  and  iiOth  of  772.  It  is 
thus*  seen  that  steam-engines  produce  only 
small  portions  of  the  theoretical  amount,  and 
arc  subject  to  a  loss,  ranging  from  80  to  95 
per  cent  of  what  we  are  some  day  entitled 
to  expect.* 

Referring  to  the  subject  mentioned  in  the 
opening  of  this  article,  the  conversion  of 
power  into  cold,  the  following  question  nat- 
urally presents  itself:  Is  this  conversion 
practically  accomplished  without  great  loss, 
and  witli  tolerably  uniform  results,  as  in  the 
case  of  the  conversion  of  power  into  heat  i 
Or  is  it  subjected  to  the  great  lov^s  of  S^  to 
95  per  cent,  as  is  the  case  where  heat  is  con- 
verted into  power  by  the  intervention  of  the 
fitaam-enginc  ?  In  answer  to  this  question, 
we  will  state  that  in  this  case  there  is  fortu- 
nately DO  such  loss ;  when  converting  power 
into  negative  heat,  we  are  able  to  abstract 
with  a  good  ice-machine  a  unit  of  heat  for 
every  772  foot*pounds  of  power  employed; 
or  170  units  for  170 x  772,  or  nearly  132,000 
foot-pounds.  If  we  expend  the  last  num- 
ber of  foot-pounds  per  minute,  we  spend 
four-horse  powers,  and  therefore  theoreti- 
cally  four-horse  power  must  produce  a  cool- 
ing effect  of  170  units  of  heat  per  minute. 
As  one  pound  of  water  of  02  degrees  re- 
quires 30  degrees  cooling  to  bring  it  to  32 
degrees,  and  the  abstraction  of  140  units  of 
latent  heat,  170  units  of  heat  abstracted 
from  one  pound  of  water  at  62  degress  will 
change  it  into  ice  of  32  degrees  ;  and  thus 
an  expenditure  of  four-horse  power  mast  be 
able  to  freeze  every  minute  one  pound  of 
water  of  62  degrees — that  is,  sixty  pounds 
per  hour;  and  40-hor8e  power  will  freeze 
600  pounds  per  hour,  or  6,000  pounds  per 
day  of  ten  working  hours. 


*  Rfl^don  desiroui  for  d etui  In  in  tbis  m»tter|  are 
referred  to  the  **  Journal  uf  Mining  "  for  i8*»V. 


This  estimate,  which  gives  tht 
amount  of  ice  which  eau  be  pfodvilt 
given  power,  shows  at  the  sfttneliati 
reason  why  artific^inlly  obtatoed  icc< 
pete  with  natural   ioe,  is,  that  e4«fl 
is  so  cheap.      It  has  been  suggfft^l  Wi 
small  machines,  in  which,  by  th^  hkmi 
man,  ice,  or  at  lca.<^t  cooling,  coaM  Wj 
duced,  and  such  machines  have  actoall^f 
made,  but  only  with  doubtful  fttcecn* 
becomes  clear  when   we  consider  tkil  I 
man  power  being  only  the  32d  part  <if  I 
horse  power,  one  man  could  frttm  i 
B2d  part  of  a  pound  of  water*  one-WlCi 
per  minute,  or  one  pound  In  S2 
this  would  be  the  maximum  att 
that   by  hard  labor,   the    most 
rangement,  precaution  agatnal  lovl 
absorption  of  heat,  etc.,  all  nioini 
obtain   on  a   small  than    on  m  1n|i  i 
We  are  compelled  to  come  to  lb«  < 
that  the  system  of  refrigeratioii  hf 
power  is  only  applicable  on   a 
where  steam   or  water  power  is  %r 
To  use  the  labor  of  a  man  ta  pnniiu 
ing  by  thts  system,    is   more 
would  be  that  of  anim&Lt,   Ln 
the  employment  of  steam  or  waterl 

If  wc  estimate  the   amount  of  i 
sary  to  produce  the  result  calculi 
— namely,  the  production  of  6,000] 
per  day  by  a  steam-engine  of  40»k 
— we  find  that,  as  a  L  at  \ 

an  economical  Btatioit  if 

20  pounds  of  coal  per    Lour, 
power  will  consume  per  day  of  1| 
hours  800  pounds  of  ooaL     Tbe  ] 
tion  of  this  800  pounds  of  coal 
6,000  pounds  of  ice»  giTes  TJ 
for  every  pound  of  coal^   or  1( 
for  every  ton  of  coal  on  the  suf 
each  horse-power  eonaumes  two 
coal  per  hour.     Aa,  however,  in  thai 
economical  boilers,  a  horse-pover 
produced  by  the  consumption  of  Itfi  i 
is  clear  that  it  becomes  posaiblfi 
more  ice  per  ton  of  coal,  wMch  qa 
be  further  increased  by  future  \ 
in  the  steam-engine. 

Having  thus  estimated  what 
pcot  theoretically,  lei  us  inv 
far  the  practical  reaults  abtata^dfi 
these  estimates. 

In  the  first  ice-maolilQ^Sy  beill^ 
ciple,  some  ten  years  aga,  one  or  I 
ice  were  obtained  by   the  niic  of 
coal,  and  it  was  at  thai  ttm*  • 
great  attainment  that  Actttailj  i 
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~  Itoed  out  than  coal  consumed.  Very  soon 
I  ma  claimed  that,  by  means  of  the  ether- 
iidktiif ,  three  tons  of  ice  were  daily  pro- 
iMd  bj  the  consumption  of  seven  tons  of 
Ijtf  per  week ;  then  the  ammonia-machine 
pide  four  to  six  tons  of  ice  for  every  ton  of 
j^Md,  which  production  was  gradually  in- 
ijllMBod  to  eight  and  ten  tons,  while  lately 
jNPelve  tons  have  been  claimed  for  every  ton 
fif  eoal  oonsomed.  An  ice-machine  made  by 
Tjffhfr,  and  used  in  England  for  cooling  pur- 
ines in  a  large  brewery,  produced  a  cool- 
jvg  effect,  which  formerly,  by  means  of  ice, 
#o«ld  only  be  obtained  by  the  consumption 
ef  14  tons  of  that  bulky  material,  while  the 
tea  machine  of  Dr.  Vander  Weyde,  of  this 
Mfy,  which  is  now  being  introduced  in  the 
IJaited  S totes,  is,  it  is  claimed,  more  eco- 
Bomical,  and  will  in  its  effect  excel  Liebe's 
wlMn  perfected  and  worked  with  superior 
boilers  and  engines. 

In  regard  to  the  cost  of  the  ice  thus  pro- 
duced, which  is  the  chief  consideration,  we 
may  say,  it  consists  of  the  first  outlay,  the 
fkel  and  the  labor.  Considering  the  outlay, 
•n  ice-machine  with  a  steam-engine  of  40- 
hone  power  and  boiler,  costs,  say  $5,000, 
interest  of  capital,  wear  and  tear  of  machine, 
ai  15  per  cent,  $15  per  week;  labor  $18, 
eoal  $7,  water  nothing ;  toUl,  $40  for  20 
ioo8  of  ice,  or  $2  per  ton,  slightly  less  or 
aiore,  according  to  economy  and  price  of 
ooal  and  labor. 

It  is  very  fortunate  that  ice-making  or 
eonvcrsion  of  power  into  coM,  is  not  subject 
to  from  86  to  95  per  cent  of  loss,  which  is 
the  case,  in  the  conversion  of  heat  into 
power,  in  the  steam-engine.  If  this  was  the 
ease,  the  tenth  or  twentieth  part  only,  of  ice 
eoald  be  made,  with  the  same  amount  of 
vnaohinery,  fael  and  labor,  as  now,  and  the 
price  would  be  at  least  $20  to  $40  per  ton, 
in  place  of  $2.  It  is  clear  that  in  this  case 
artificial  ice  could  seldom  compete  with  nat- 
ural ice,  which  for  that  price  could  even 
be  conveyed  to  the  tropics.  However  in- 
land in  tropical  climes,  it  commands  often 
$100  and  more  per  ton,  if  it  is  to  be  had  at 
all,  and  in  such  exceptional  circumstances, 
even  very  expensive  methods  of  cooliog  may 
be  taken  advantage  of. 

FAGOOTKD  Axles. — The  Albany  Iron 
Works  are  making  hammered  iron  rail- 
road axles  of  a  very  superior  quality.  We 
■hall  in  due  time  give  the  particulars  of 
lome  tests  of  these  axles,  under  the  blows 
of  a  drop. 

Vol.  I.— No.  10.— 60. 


POPPER'S  ANTI-mCRUSTATOR  FOR 
STEAM-BOILERS. 

By  Dr.   Emil  Tsirich. 
TrftDsUtod  from  '^'Poljrteohnio  Journftl." 

The  incrustation  of  steam-boilers  pre- 
vents, to  a  great  extent,  the  transmission  of 
the  heat,  and  causes  an  early  destruction  of 
the  boilers.  Its  removal  from  time  to  time 
is  very  expensive  and  inconvenient.  The- 
nature  and  quantity  of  this  incrustation  de- 
pends on  the  chemical  composition  of  the 
feed-water. 

When  the  water  is  first  heated  up  to  the 
boiling  point,  the  bicarbonates  which  are 
dissolved  in  the  water  are  decomposed,  lose 
one  half  of  their  carbonic  acid,  are  precipi- 
tated as-  insoluble  carbonates,  and  produce 
the  first  deposit  in  the  boiler.  During  the 
subsequent  continuous  evaporation  of  the 
water,  the  other  compounds  dissolved  in  it 
are  concentrated  and  finally  precipitated, 
when  the  limit  of  their  solubility  is  reached. 
Another  kind  of  deposit  is  thus  produced, 
different  from  the  first  in  its  chemical  com- 
position. The  great  variety  of  chemical 
compounds  dissolved  in  different  feed-waters, 
is  a  proof  that  no  general  chemical  means 
can  eiiist,  fit  to  prevent  all  incrustation 
from  any  water,  and  that  everv  chemical 
remedy  proclaimed  as  universal,  is  to  bo 
considered  as  an  imposition.  A  certain  sub- 
stanee  cannot  even  prevent  the  formation  of  a 
certain  kind  of  incrustation  unless  it  is  added 
before  the  water  is  brought  into  the  boiler, 
thus  precipitating  and  gathering  the  solid 
compounds  outside  of  the  boiler.  A  chemi- 
cal analysis  of  the  feed-water  can  alone  give  a 
correct  idea  of  the  value  of  one  or  other  of 
these  chemical  remedies  for  special  circum- 
stances. Another  method  of  relieving  the 
feed -water  of  the  greater  part  of  dissolved 
matter,  consists  in  pre-heating  the  water  in 
a  specially  adapted  vessel  or  apparatus, 
where  it  then  deposits  its  carbonates.  An 
excessive  concentration  of  the  other  matters 
can  be  prevented  by  allowing  a  certain 
quantity  of  the  contents  of  the  boiler  to  run 
out  every  day,  and  by  replacing  it  by  fresh 
water. 

A  third  kind  of  remedy  against  incrusta- 
tion does  not  attempt  to  prevent  the  form- 
ation of  deposits,  but  alters  the  nature  of 
these  deposits  so  that  they  do  not  adhere, 
by  introducing  such  matters  or  arrangements 
that  the  deposits  may  be  gathered  upon  them, 
and  with  which  they  can  be  quickly  and  easily 
removed.     Wo  reckon  amongst  these  rente- 
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dies :  pnintlng  or  €OV€rmg  of  the  interior  of 
the  boiler;  mechanical  admistivrea  to  the 
water,  which  are  said  to  nib  and  clean  the 
interior  boiler  surface;  the  mtmj  existing 
mysterious  suhstancei?,  one  of  which,  viz  : 
Baker's  anti-incrustator,  has  succeeded  in 
acquiring  a  wide-spread  but  totally  iiiide- 
served  reputation. 

An  apparatus  invented  by  Schmitz,  and 
ba?*ed  on  a  new  principle,  was  favorably  re- 
ceived at  the  last  Paris  exhibition.  By  in- 
serting enrved  wrought- iron  plates  into  the 
boiler,  Schmitz  intended  to  create  a  regular 
circulation  of  the  water,  thereby  to  increase 
the  evaporating  power  of  the  boiler,  and  lo 
carry  all  precipitated  matter  to  the  upper 
enrface  of  the  inserted  plates.  This  object 
IB  attained  in  a  much  more  complete  man- 
ner by  Popper's  anti-inerustator,  and  it  has 
been  shown  most  conspicuously  by  a  trial 
made  with  it  in  November,  1808,  in  the 
machine  shop  of  G,  Sigl,  in  Vienna,  (Aus- 
tria ) 

Popper's  apparatus,  a  section  of  which  is 
represented  by  the  annexed  sketch,  eonsista 


of  long  strips  of  sheet-iron  about  12  lo. 
wide»  which  are  introduced  through  the  man* 
hole  into  the  boiler,  and  there  united  so  as 
to  form  a  half-cy Under »  placed  parallel  to 
the  lower  half  of*  the  boiler.  Little  projec- 
tions attached  to  the  outhidc  of  this  half- 
cylinder  prevent  the  latter  from  coming 
in  direct  contact  with  the  boiler,  but  keep 
It  at  a  certain  distance  above  the  interior 
boiler    surface.       This    distance    must   be 


pretty   short  to    mftke   the  afMpzioii 
effective.     In  Sigl's  boiler  irf  4ift 
ter  as  uf^ed  for  the    trimU   this  dkuMi 
2 J  in*  below  the  cjlioHcr,   ao4  only  lyl 
at  the  sides.     So  far,  the  arnioraM«tb| 
very  different  from   thnl  of  Mmin. 
Popper  made  a  very  importuii  idiKtel 
inserting  a  row  of  vertical  pipe#of  i 
five  inches  in  diameter,  and  ptM«di 
in,  apart.     These  pipes  are  su|wporlMl  I 
cylinder  which  has  correspondiiir 
so  as  to  effect  a  central  commttnic<atMi| 
tween  the  water  above  and  belcrv  iht  i 
der.     The  whole  apparatus  W  set  in 
and  kept  in  place  bj  the  weight  of  a  I 
layer  of  pebbles   of  eg^r  »iie  eoircfiQ|l 
lower  part  of  the  half  cylinder.     TWm| 
blcs,  besides,  perform  the  funetto«  «f  I 
up  all  the  deposita  from  the  walur. 

The  manner  in  which  this  appiknlaii 
is  indicated  by  the  arrows  in  our  i 
The  steam  generated  at  tl 
rises  rapidly  in  the  space  t 
and  the  cylinder,  ereattng  a  hUa 
the  most  important  factor  af  an  i 
steam-generator*      But  it  doea  mi 
vehemence  of  the  evaporation  and  1 
ity  of  the  current,  prevent  all 

matters  from  settling  on  the         ..  ^ 

and  throw  these  matt^ra,  togelWr  wA 
the  water,  several  incLes  above  the  iifftf 
rim  of  the  half-cylinder*  Ab  thts  nm  tj  iti 
level  with  tbc  lowest  water-lin€,  ikbana^ 
mcnt  is  also  a  protection  against  tlnei 
gerou*  consequences  of  sinking 
below  that  line.  It  could  be  »e«D  < 
in  Sigl's  trlaUboiler  that  the 
thrown  five  or  six  inches  above 
water-level.  It  is  even  to  beei 
this  system  that  a  eonttnoal  w%^^ 
wetting  of  the  interior  boiler  w^ 
place  HO  long  as  any  notable  qu..... 
ter  is  left  in  the  boiler. 

The  vertical  pipes  c&rrj  ibe  l 
to  the  heating-surface. 

A   certain  part  of  the    water 
quiet   in    the   Interstices    between  tb« 
stones,  whore   it    deposita   all   Uie 
tates. 

The  apparatus  is  simple  and  el 
boiler   in    which    Popper** 
tried  in  SigPa  machine    worlca  in 
presented  a  sarprisinsr  nr*|>earan»  ; 
uninterrupted  woi !  ^d  of  t 

The  interior  of  th  wil*  s.i 

clean,  that  small  iuipresstoti 
made    by    the    hamtner  dui.*.;^    « 
cleaning  operation,  wvrc  yet  io  b«  i 
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-^^^^ItUy.     Also  the  outside  of  the  half-cylin- 
I  free  from  incrustation,  and  showed 
BUllio  surface.     The  stones  were  covered 
a  thick  crust  of  deposits,  and  so  also 
I  a  part  of  the  upper  surface  of  the  half- 
.  Qflinder  and  of  the  vertical  pipes. 

To  clean  the  boiler,  nothing  has  to  be 
'done  bat  to  replace  the  stones  by  fresh  ones. 
T»  do  this  easier  and  quicker,  the  stones 
wQI  in  future  be  laid  into  appropriate  metal- 
lio  troughs,  in  which  they  remain  when  in 
die  boiler. 

The  work  of  the  boiler  was  regular  and 
VBdiBturbed  during  the  whole  trial.  The 
flnt  heating-up  was  done  quicker,  the  gen- 
'  oration  of  steam  was  more  rapid  than  usual. 
Aecording  to  exact  and  careful  observa- 
iioDB,  the  priming  was  not  more  considera- 
ble than  before.  The  consumption  of  coal 
was  yerj  low.  As,  however,  no  exact  notes 
were  taken  about  this,  the  economy  of  fuel 
ofiected  by  the  apparatus  could  not  be  cal- 
eulated  for  this  trial. 

Experiments  on  the  applicability  of  Pop- 
per *8  system  on  Cornish  ship  and  locomo- 
tive-boilers are  in  preparation,  and  will 
doabtless  prove  as  successful  as  the  above. 

S. 


HISTORY  OF  WATTS  STEAM  ENGINE. 

From  Sir  Wm.  6.  Armstrong's  Inaagorftl  Address 
bofor«  the  Institatioo  of  Meohaoical  Engineers)  at 
K«weafile. 

This  year  is  the  centenary  of  the  steam 
ensine  of  Watt ;  and  I  am  glad  that  it  has 
&lTen  to  the  lot  of  Newcastle  to  receive,  on 
so  auspicious  an  occasion,  a  society  which 
piast  regard  Watt,  more  than  any  other  man, 
as  the  fiither  of  their  calling.  First,  then, 
I  shall  discharge  my  duty  as  your  president, 
by  paying  a  tribute  of  respect  to  the  memo- 
ry of  the  illustrious  man  who,  in  the  corres- 
ponding year  of  the  last  century,  completed 
and  set  to  work  the  greatest  of  mechanical 
inventions. 

In  1765,  the  authorities  of  Glasgow  Col- 
lege, little  thinking  of  the  momentous  step 
they  were  taking,  intrusted  a  model  of  a 
Newcomen  engine  to  James  Watt,  a  maker 
of  mathematical  instruments,  for  repair.  The 
sagacity  of  Watt  enabled  him,  by  an  in- 
spection of  the  model,  to  detect  a  radical 
defect  in  the  principle  of  the  engine.  He 
saw  that  the  condensation  effected  within  the 
cylinder  reduced  its  temperature,  and  ren- 
dered restoration  of  the  wasted  heat  neces- 
sary at  every  stroke.  lie  perceived  that  the 
steam  ought  to  act  in  a  vessel  always  hot, 


and  be  condensed  in  a  vessel  always  cold. 
He  thus  conceived  the  idea  of  separate  con- 
densation. With  a  quiet  tenacity  of  pur- 
pose he  set  to  work,  under  great  disadvan- 
tages, to  realize  his  idea  of  a  more  economi- 
cal steam  engine.  His  design  was  soon 
matured,  but  the  diflRculty  of  execution  long 
remained  a  barrier  to  practical  success.  In 
the  Newcomen  engine,  the  weight  of  the  at- 
mosphere, acting  against  a  vacuum,  was  the 
moving  power,  and  leakage  of  air  past  the 
piston  was  prevented  by  water  resting  on 
the  upper  side.  An  unbored  cylinder,  made 
in  separate  parts,  sufficed  for  this  arrange- 
ment ;  but  in  Watt's  design  steam  instead 
of  air  acted  on  the  piston.  A  water  pack- 
ing was  inapplicable,  and  leakage  could  only 
be  prevented  by  the  more  accurate  fit  of  the 
piston  in  the  cylinder.  A  moderately  steam- 
tight  cylinder  and  piston  were,  however, 
more  than  the  workshops  of  the  day  could 
produce,  and  we  read  of  his  vain  attempts  to 
correct,  by  pasteboard  and  cork,  inaccura- 
cies of  workmanship,  such  as  in  our  time  has 
no  existence. 

With  ailing  health,  narrow  pecuniary 
means,  and  a  temperament  inclining  to  des- 
pondency, he  was,  ii\  many  respects,  unfitted 
for  a  struggle  with  difficulty  ;  but  he  was  a 
man  whose  mind  was  taken  captive  by  an 
idea,  and  he  could  not  help  persevering. 
His  attractive  character  and  fine  intellect 
had  attached  to  him  many  valuable  friends, 
superior  in  station  to  himself,  and  his  let- 
ters to  some  of  those  friends,  written  during 
his  struggles,  exhibit  at  once  his  severe  dis- 
couragement and  his  irresistible  impulse  to 
proceed. 

In  1768,  he  had  succeeded  in  producing 
a  condenser  with  its  necessary  appendage  of 
an  air-pump ;  but  it  was  not  until  the  fol- 
lowing year,  1769 — exactly  a  century  ago^ 
that  his  first  complete  steam-engine  was  fin- 
ished and  put  in  motion.  The  first  trial  was 
made  by  Watt  in  a  secluded  glen,  behind 
the  house  of  his  friend,  Dr.  Roebuck,  near 
Linlithgow.  The  engine  was  not  a  mere 
working  model,  but  a  machine  of  considera- 
ble power.  It  had  a  cylinder  of  18  in.  in 
diameter,  and  a  stroke  of  5  ft.;  but  the  cy- 
linder and  piston,  which  were  described  as 
the  best  the  Carron  Ironworks  could  pro- 
duce, were  still  so  inaccurately  made  as  to 
defeat,  in  a  great  measure,  the  anticipated 
success.  The  engine,  however,  afforded  a 
practical  demonstration  of  the  value  of  the 
invention  sufficient  to  lead  eventually  to  the 
happy  alliance  of  the  capital  of  Boulton  with 
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tbe  genius  of  Watt.  In  1773,  tlic  engiuc 
Wtts  removed  to  Mr.  Boulton's  works  at 
8obo,  aud  was  fitted  witli  a  new  caf«t-iron 
cylinder,  the  casting  and  boring  of  which 
were  deemed  no  E-mail  achievement  in  those 
primitive  day*  of  mechanic  a  1  engineering. 

Thi^  first  engine  of  Watt  was,  like  that  of 
Newcomcn,  only  applicable  to  pumping,  but 
Watt  fjuickly  saw  by  what  mmlifieatiuiiii  it 
could  be  rendered  available  fur  rotative  mo» 
tion.  By  a  tsuecession  of  brilliant  inven- 
tions, comprising,  amongst  others,  his  par 
allel  motion  and  his  ball  governor,  he  ad 
vanced  to  the  final  conception  of  the  double- 
meting  rotative  engine,  which  became  appli- 
cable to  every  purpose  ref|uiring  motive 
power,  and  continues  to  this  day,  in  nearly 
Its  original  form,  to  be  the  chief  moving 
agent  employed  by  man. 

To  do  full  justice  to  the  genius  of  Watt 
we  must  connider  the  disadvantages  under 
which  he  labored*  In  the  present  day,  every 
contrivance  is  practicable  in  a  constructive 
point  of  view,  and  the  vast  variety  of  devices 
used  in  modern  mechanism,  and  applicable 
to  new  mechanical  combinations,  are  made 
known  to  inventors  in  minute  detail  by  the 
press.  But  Watt  hjid  no  such  facilities.  He 
had  to  draw  from  bis  own  mind  what  we  can 
now  choose  from  pre-accom pi isiied  invention, 
and  his  choice  of  moans  was  restricted  to 
the  narrow  limits  of  what  was  practicable  in 
the  rude  workshops  of  the  period.  If  we 
give  due  weight  to  these  considerations,  we 
ehall  bo  able  to  appreciate  the  remarkable 
originality  of  bis  mind,  and  the  sagacity 
displayed  in  bia  iBvcntion.  Watt  lived  to 
see  his  steam-engine  bear  fruit  in  marvel- 
ous utility  to  the  human  race  ;  but  he  could 
have  had  no  idea  of  the  results  it  was  des- 
tined to  realiie  before  the  first  century  of 
its  existence.  It  is  impossible  to  contem- 
plate these  results  without  feelings  of  enthu- 
siasm* To  appreciate  bow  much  we  owe  to 
the  steam-engine,  we  need  only  consider  for 
a  moment  what  our  positions  would  be  if  we 
were  deprived  of  its  agency.  The  factories 
which  clothe  all  the  nations  of  the  earth 
would  be  almost  extinguished.  The  deep 
mines  which  supply  nearly  all  our  mineral 
wealth  would  be  abandoned.  The  manufac- 
ture of  iron  would  shrink  into  comparative  in- 
aignificance.  Horses  and  aailiug  ships  would 
again  become  our  only  means  of  transit. 
All  great  engineering  works  would  cease, 
•  nd  mankind  would  relapse  into  that  condi- 
of  slow  ftnd  tor]>id  progress  which  pre- 
ihc  subjugation  of  steam  by  Walt, 


PERM^'E^T  WAY. 

CompUed  And  lidnpted  from  *'  Poljl.  CcirlftttiilL'* 

A  great  number  of  cngineen  art  d  I 
opinion  that  to  obtain  a  solid  and  [ 
railway,  causing  the  least  po»ibla  i 
ing  expenses,  the  wooden  crosMia 
bo  removed,  and  rcpUccd  by  invr* 
materials.     The  plans  which  havt  I 
signed  for  this  purpose,  arc  prio 
following ; 

1.  To  lay  the  railfl  on  stone  bloeka. 

2.  To  lay  the  r&ila  on  piers  of  catt  [ 

3.  To  replace  the  wooden  croiMatt  I 
iron  ones. 

4*  To  lay  stiff  and  strong,  or  hroaj  i 
rails,  directly  on  the  ballast. 

5.  To  lay  the  rails  on  lougittttUlsat  \ 
iron  sleepers,  in  the  ballast. 

The  first  method  has  be<?n  intro^aMil  m 
some  lines  in  Bavaria  and  Wimj^tthufi 
and  works  satisfactorily  when  well  and  m* 
idly  constructed.  The  aecond  uetliQil  il  Ift 
use  on  a  larger  scale  in  Egypt,  Al^vro,  B»» 
gland  and  the  Easl  Indies,  aod  «  trai  ii 
just  being  made  with  it  on  the  ainslJ  mH 
between  Leipzig  and  Magdeburg.  BoCitEe*^ 
systems  of  construction  are  not  to  bo  i»- 
commended  for  use  on  a  new  embaakmcail, 
because  when  the  latter  settles  thry  jieUl#o 
easily,  and  cause  disturb  an  eca  io  toe  irut 

Iron  cross-ties  are  used  on  some  lifted  ii 
France,  Belgium  and  Spain,  Vantli&na*! 
system,  especially,  has  been  intro4voed  Ci 
the  French  Northern  Railroad,  aad  ftsadj 
on  the  Saarbruck  Railroad.  Tbe  reib  m 
fixed  to  the  ties  by  wedges.  Thta  fjcus  a 
more  appropriate  to  new  railroada  t^  tht 
two  former,  as  the  width  of  the  track  oa* 
not  be  altered  by  the  settling  of  tiie  emliaat' 
ment.  But  the  construction  re«|airtti  mmk 
iron,  and  is,  therefore,  very  exp«iiaiT«.  It 
is,  besides,  to  be  feared  that  the  wedigoi  iiil 
may  not  stand  long,  and  that  ll^y  Mf 
widen  the  wedge  holeSf  and 
after  some  time. 

The  fourth  method  of  ooniitrttctiai per 
nent  way.  consists  in  laying  very  n^pd  ant 
strong  rails  directly  on  siuid  i^  ftattl*  (V 
crushed  stone.  This  method  ha«  bt<si  iriad 
with  satisfactory  results  on  the  il^Aoffm 
Mindcn  Railroad,  wher<>  raiU  H  in.  hifl, 
made  after  the  design  of  Mr*  Qarti 
used  for  the  purpose,  Tbe»«  ratti 
joined  by  fish-plates  2  fU  in  knurUk,' 
eight  screws  of  1  in.  diaineUir,  Tki  p 
are  strung  and  well  dcsignetl;  llwfir  m^ 
moat  of  inertia  being  equal  Io  ikal  of  iko 
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The  cost  of  the  iron  on  this  road 
^ed  to  2.65  Prussian  thalers  per  foot 
gold).     If  the  rail  is  laid  directly  on 

its  foot  has  to  be  very  broad  to  get  a 
ntly  large  bearing,  or  the  rail  has  to 
■f  high  to  reach  as  deep  below  the  sar- 

the  gravel  as  possible.  Both  ways 
!  great  inconveniences.  A  very  high 
)ecially,  is  liable  to  tip  over.  Mr.  L. 
,  of  Hanover,  therefore  proposed  to 
h  rails  on  a  foundation  of  concrete, 
led  in  the  gravel.  Concrete  when 
epared,  is  a  cheap,  strong  and  dura- 
.terial  for  railway  substructure,  and 

easily  obtained  everywhere.  For 
-pose  of  attaching  the  rail,  Mr.  Clasen 
;3  to  lay  a  plate  with  a  small  rectan- 
lolc  into  the  concrete  about  1  ft.  deep, 
e  a  narrow  hole  open,  extending  from 
e  in  the  plate  to  the  surface  of  the 
;e.  A  bolt,  with  a  hook  of  peculiar 
iction  at  its  lower  end,  would  be  in- 
into  the  hole  and  hooked  on  to  the 
rular  hole  in  the  pla^.  The  rail 
be  kept  in  place  by  being  screwed  on 
ral  of  these  bolts.  The  latter  could 
ily  removed  when  broken,  and  re- 
by  now  ones.  The  rails  have  to  be 
by  strong  fish  plates,  with  four  screw 

To  prevent  the  rails  from  giving 
lewise,  it  is  proposed  to  join  two  op- 
rails  by  wrought  iron  flats,  laid  below 
>t  of  the  rails,  and  bent  upwards  on 
des  of  the  track.  This  plan  has  not 
wever,  been  tried  practically. 
Ty  successful  trial  has  been  made  on 
assau  Railroad  (Prussia),  with  the 
f  the  above  mentioned  methods  of 
J  construction, 
annexed  engraving  shows  a  section  of 


uns^ement.  Wrought  iron  sleepers 
I  in  gravel  or  sand,  parallel  to  the 
On  these  sleepers  light  rails  are  fixed 
ns  of  small  plates,  and  short  screw 
nd  joined  by  fish-plates.     Tho  width 


of  the  track  is  preserved  by  thin  wrought 
iron  cross-ties  connecting  two  opposite  rails. 
As  this  system  seems  to  be  a  decided  suc- 
cess, we  give  in  tho  following  a  more  de- 
tailed description  of  it,  as  published  in 
"  Polyt.  Centralblatt,"  by  Mr.  M.  Hilf,  of 
Wiesbaden. 

1.  Rails, — The  rail  used  has  a  broad  foot 
and  pretty  sharp  angles  below  the  head,  so 
as  to  allow  of  the  application  of  a  strong 
fish-jDint.  Its  weight  is  little  over  51  lbs. 
per  yard,  which  is  about  two-thirds  only  of 
the  weight  of  the  rails  used  on  the  same 
railroad  with  the  ordinary  wooden  snbstraot^ 
ure. 

The  fish-plate  has  been  recognized  as  the 
most  reliable  means  for  joining  the  raib. 
They  are,  besides,  joined  below,  the  ends  of 
two  adjacent  rails  being  attached  to  the  same 
sleeper.  This  gives  a  high  degree  of  solid- 
ity to  the  whole  system. 

The  rails  have  a  length  of  19  ft.  8^  in., 
and  are  slotted  in  two  places  near  the  mid- 
dle, and  clinched  by  two  of  the  fastening 
bolts  to  prevent  the  rails  from  creeping. 
Every  rail  is  attached  to  the  sleepers  by 
eighteen  screw  bolts,  the  nuts  of  which  work 
on  small  plates,  which  clasp  the  foot  of  the 
rail,  as  our  engraving  shows.  The  total 
weight  of  the  eighteen  bolts,  nuts  and  plates, 
necessary  to  fasten  one  rail,  amounts  to 
23  lbs.  The  fastening  effected  by  these 
means  is  so  solid  that  its  safety  is  not  much 
endangered  if  some  of  the  nuts  should  be- 
come loose,  which  however  happens  but  very 
rarely.  The  same  straight  sleepers  are  used 
for  laying  curved  tracks.  The  bolt  holes 
have  then  to  be  drilled  into  the  sleepers  so 
as  to  correspond  to  the  required  curves. 
Five  different  templets  are  sufficient  to  mark 
the  bolt  holes  for  all  the  curves 
of  from  9U0  to  6,000  ft.  radius. 
The  sleepers  have  then  of  course 
to  be  laid  in  a  position  parallel 
to  tho  tangent  of  the  curve. 
The  rail  being  light,  does  not 
want  to  be  bent  previous  to  lay- 
ing, and  a  curved  rail  can  be 
turned  round  when  one  side  of 
its  head  is  injured. 

2.  Sleepers. — The  sleepers  are 
easily  rolled  into  the  shape  in- 
dicated by  our  drawing.  They 
are  all  made  of  the  same  length,  whioL 
is  19  ft.  2|  in.  They  are  about  |  in.  thick, 
and  weigh  79^  lbs.  per  yard.  Sleeper  and 
rail  together  are  so  strong  that  when  laid  on 
supports  3  ft.  apart,  the^  are  not  straiiiod 
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lOHTiBfo  Coal  Mines. — Tbe  awful  loss 
oC  life  which  has  been  occaHioned,  bath 
I  tkia  coiintrj  and  abroad^  during  the  past 
ycar.^  by  colliery  explasioos,  ia  at  last, 
r«  glad  to  see,  in  a  fair  way  to  receive 
Ittcntlon  it  nicritis;  and  we  trust  that 
l«xt  8C88ion  of  Pari  Lament  will  not  be 
red  to  pa^  without  some  material  itn- 
Bnieut  being  made  in  our  legislation  on 
ibject  of  colliery  management.     It  is 
timef    not  only   that  the  tharoughly 
6nt  ventilation  of  coal  nnnes  Bhould  be 
SDderod  corapuJisory  by  law,  but  also  that 
BB  should  be  adopted  to  ensure  that  the 
is  carried  out.     Quite  apart  from  the 
iatioQ,  also,  means  should  be  taken  to 
^re    the    proper    lighting  of  coal  roines, 
this  Ugbting  should  be  so  effected  thut, 
Bvfiii   in   the  event    of  the  ventilatimi  of  a 
portion  of  a  mine  becoming  temporarily  de- 
0|red    from    accidental    causes,    no    harm 
aid  rcijiilt.     The  safety-lamps  now  used, 
igh  no  doubt  excellent  in  their  way,  give 
fA  very  miserable  light,  and  those  who 
I  ttudied  the  causes  of  paat  explosions, 
ell  know  that  these  have  been  in  many  in- 
iaces   caused   by   miners    opening    their 
ipd    to   get  a    little    extra  illumination. 
Pile  8urfaoe«  of  a  coal  mine,  in  fact,  possess 
eh  great  light-absorbing  power,  that  none 
lut  a  very   powerful  light  can  be  regarded 
a  really  cthcient  one. 
Bearing  these  facts  in  mind,  Mr.  Henry 
Bessemer,  in  a  letter  addressed  by  him  to 
be  **  Times  **  a  few  days  ago,  has  suggested 
method  of  lighting  coal  mines  which  ap- 
^rs  to  us  well  worthy  of  careful  attention. 
game  of  nur  readers  may  be  aware,  Mr. 
emcr  has  been  lately  engaged  in  inveg* 
ling  the  action  of  combustion  under  high 
iires,  and  the  results  which  he  has  ob- 
have  led  him  to  consider  that  lamps 
which  the  combustion  goes  on  under  prcs- 
lure    exceeding    that    of    the     atmosphere, 
light  be  advantageously  employed  for  light- 
tkg  mines*     Thus,   he  slates,  for  instance, 
iiat  an  iron  box,  having  one  side  fitted  with 
bull's-eye,  or  formed  of  thick  plate  glass, 
b*  fitted  with  an  ordinary  gas-burner, 
ipplicd  with  gas  from  a  gasholder  above 
round,  and  that  the  air  to  support  combus- 
^on  may  be  supplied  to  this  box  by  a  suit- 
pipe  at  a  pressure  of,  say,  1  lb.  per  sq. 
ibovo  the  pressure  of  the  air  in  the  mine, 
Diilt  hole  being  left  at  the  top  of  the  lamp 
Of  tbe  escape  of  the  products  of  combus- 
iion.     Under  such  circumstances  not  only 
routd  the  light  produced  by  the  combustion 


of  the  gas  be  intensified,  but  the  pressure 
within  the  lamp  being  in  excess  of  the  sur- 
rounding atmosphere,  the  latter  would  be 
prevented  from  entering,  and  consequently, 
even  if  an  explosive  mixture  existed  in  the 
mine,  it  would  be  perfectly  safe  from  igni- 
tion. 

Such  is  Mr.  Bessemor^s  plan,  and  an  ad- 
mirably simple  plan  it  is,  liy  the  aid  of  a 
series  of  brilliant  lights,  such  as  he  proposes, 
the  galleries  of  mines  may,  as  he  says,  *'  be 
lighted  like  a  workshop,*'  and  there  is  real- 
tvt  as  far  as  we  can  see,  no  good  reason  why 
this  should  not  be  done.  The  supply  of  air 
and  gas,  under  suitable  pressure,  presents 
no  practical  difficulty,  and  by  the  aid  of 
suitable  reflector?J,  one  powerful  lamp,  such 
as  we  have  described,  would  be  enabled  to 
give  a  good  light  for  some  considerable  dis- 
tance around  it.  By  tbc  aid  of  easily  con- 
trived arrangements,  also,  some  of  the  lamps 
might  be  made  to  a  certain  extent  portable 
if  required,  but  in  such  a  case  care  would 
of  course  have  to  be  taken  to  protect  the 
glasses  from  accidental  fracture,  Mr,  Bes- 
semer states  that  he  is  **  convinced  that  the 
thorough  lighting  of  a  coal-pit,  and  its  ven* 
tilation  so  as  to  insure  health  and  safety  to 
the  miners,  are  purely  a  question  of  £  s.  d.,** 
and  iu  this  opinion  we  perfectly  agree  with 
him.  We  do  not  consider,  however,  that  iu 
matters  of  this  kind  any  question  of  ex- 
pense should  be  allowed  to  interfere  with 
the  adoption  of  thoroughly  efficient  arrange- 
ments, and  we  think  that  it  should  be  placed 
beyond  the  power  of  any  colliery  proprie- 
tors, actuated  by  parsimonious  motives,  to 
risk  the  lives  of  the  men  employed  by  them. 
As  in  the  case  of  boiler  explosions,  the  ex- 
perience of  past  years  has  taught  us  that  a 
knowledge  of  the  risks  to  which  they  are 
exposing  not  only  themselves,  but  others,  is 
not  of  itself  sufficient  to  make  all  men  adopt 
means  to  avoid  these  risks ;  and  it  is,  we 
think,  time  that  both  boiler  owners  and  col- 
liery proprietors  should  be  made  to  feel  their 
responsibilities  more  strongly.  How  this 
can  best  be  done  is  a  matter  which  we  shall 
not  discuss  here,  as  it  is  to  a  certain  extent 
foreign  to  the  object  of  the  present  article, 
which  was  specially  to  bring  before  our 
readers  the  system  of  lighting  wo  have  al- 
ready described,  a  system,  we  may  add, 
which  has  not  been  patented.  The  fact  of 
a  good  invention  being  public  property,  has 
but  in  too  many  instanocs  proved  to  be  a  bar 
to  its  adoption,  as  it  has  beon  nobody's  in- 
terest to  show  thai  it  was  tbe  **  right  thing 
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io  tbe  right  place  ;*'  we  kope,  however,  that 
Mr.  Be&seiner'd  plan  may  prove  an  exception 
to  this  rule,  and  that  it  maj  shortly  be  test- 
ed on  such  a  Bcale  as  to  derooii»lrate  its  prac- 
tical merits* — Enguiecring. 


STEAM  ON  CANAL& 

Abftraet  of  a  p^por  remd  before  lb*  Inatitntion  of 
Mechfrtiieal  Engioeon  *t  KewcMllo^  hj  Mr.  Max 
EvTH,  of  Leedi. 

In  the  application  of  steam  power  to  river 
and  canal  navigjition,  the  writer  remarked, 
the  greati^at  obstacle  to  be  t-ncountcred  had 
been  the  loss  of  power  that  was  iuseparabie 
from  the  ordinary  methods  of  propulsion  by 
paddle-wheels  or  screw  propcdlera.  Ab  the 
resisting  water  formed  the  fulcrum  upon 
which  tbe  bearing  was  taken  for  propelling 
the  vessel,  the  result  was  that  a  great  quan* 
tity  of  water  was  put  in  motion,  and  a  con> 
eiderable  amount  of  power  exercised  with- 
out any  useful  effect  being  produced.  Thus 
even  under  the  most  favorable  circumstances, 
when  working  on  a  broad  sheet  of  deep 
water,  the  ordinary  propellers  lost  from  40 
to  50  per  cent  of  the  power  applied  to  them  ; 
&nd,  under  the  peculiar  circumstaaccs  met 
with  on  rivers  and  canals,  their  useful  effect 
was  frequently  reduced  to  less  than  25  per 
cent  of  tbe  power  applied*  On  canals,  the 
increased  difficulty  to  be  encountered  arose 
from  the  presence  of  locks,  the  smaU  section 
of  water  through  which  the  boats  had  to  be 
driven,  and  tbe  swell  produced  by  the  in- 
creased speed  of  the  boats,  for  which  the 
small  section  of  water  was  not  originally 
calculated.  Moreover^  as  the  only  admissi- 
ble means  of  propulsion  was  by  screws  or 
paddle-wheels  placed  at  tbe  stern,  the  water 
put  in  motion  by  them  was  withdrawn  from 
the  stern  of  the  tug,  and  thrown  against  the 
bows  of  the  boats  in  tow ;  the  water*level 
in  the  canal  was  thereby  disturbed,  and  the 
hollow  created  at  the  stern  of  the  tug  had 
to  be  filled  up  by  the  water  in  front  of  the 
tug  running  backwards  through  the  narrow 
passage  left  between  the  tug  and  the  sides 
of  the  canaL  The  consequence  of  this  was 
that  engines  of  considerable  power  had  to 
bo  used  for  lowing  a  given  freight ;  and 
hence,  owing  to  the  small  size  of  tbe  locks 
through  which  they  had  to  pass,  it  was  of 
th«i  utmost  importance  that  the  engines  em- 
[>loyod  should  uueopy  as  little  spaoe  as  pos- 
Hihl*^  in  the  holds  of  the  vessels,  in  order 
^'  <'st  of  steam  propulsion  might  not 

^  r  increased  by  a  source  of  diminu- 

iiim  m  the  amount  of  freight  that  could  be 


carried*  As  it  was  sdiiutted  Um  %  { 
pull  from  a  fixed  point  was  imd^vMlyl 
most  effective  mode  of  gaioing  pQi««r,iii 
now  been  determined  to  adiypi  a  ijnnj 
canals  and  rivers  of  lowing  bj 
fixed  wire  rope  and  clip  dmo*  TU  i 
was  laid  in  tbe  bed  of  the  rmt  or  i 
from  end  to  end,  being  anchored  odf  i 
two  cxtremitie>s,  and  an  engi&#  on  lat  i 
of  the  boat  was  then  attaebed  Ui  ll«  i 
and  wound  itself  along  to  its  dts^lia 
The  idea  was  not  altogether  nei 
had  been  made  on  the  Khine  bj  I 
Marshal  de  8a:xe,  as  early  as  tW  ^ 
to  transport  war  material  throiigh  tftl 
rivers  of  the  country  by  Ill^aa9  of  i  i 
windlass  on  the  boata,  which  wiibo4 
rope  made  fast  on  the  bank  of  ik^ 
the  extreme  end.  In  18*20,  a  i 
vice  on  the  same  principle  wan  i 
on  tbe  Rhone,  by  Tourasae,  and  it 
fully  overcame  the  difficult 
river  between  Givers  and  JLfi 
noticing  tbe  drawbacks  of  ibo  pbS^ 
I  ever,  and  the  many  obstacles  in  thtf  * 
la  free  use  of  chains  or  winding  <' 
I  paper  added  that  tbe  present  ay 
I  sitting  of  a  clip  drum  working 
\  merged  wire  rope — had  been  itivi 
matured  by  Baron  Oscar  de  Me^iiil,  •  1 
gian  gentleman,  and  the  author  hiffiaoVd 
first  experiment  having  been  ntado  al  f 
in  1866,  for  Joseph  Fowler  &  Co.,  %nA  i 
repeated  more  extensively  on  aeverat  / 
can  canals  and  also  in  Belgiun.  XWJ 
application  of  the  submerged  wire  ' 
on  the  river  Meuse,  where  a  Hoe  42  i 
length — from  Namur  to  Li^ge — lad  I 
successful  operation  since  1868,  aoi 
now  being  extended  90  miles  thr 
Canal  de  la  Oampine  to  Antwerp. 
described  the  Canal  de  la  Charlemt,  ia  1 
giam,  the  writer  added  that  one;  fif  ilisl 
on  it  was  42  ft.  long,  by  8  ft,  l?oad,  i 
drew  3  ft.  water ;  while  the  wire  ru|iir,  f  A 
in  diameter,  wound  round  a  5  ft,  dtp  drm 
In  additioD  to  these  there  wa»  a  viBiiB| 
drum  used  for  the  purpose  of  obtiini^g  i 
sufficient  amount  of  slack  in  tlie  fQp$ 
enabling  the  tug«  when  off  tbe  rop«« 
on  again  at  any  place  without  deb 
speed  of  the  engines  here,  lU^bone^' 
revolutions  per  minute  with  90  l\m*\ 
of  steam,  and  the  speed  varicKl 
three  miles ;  but  on  the  river  Ml 
had  engines  of  14  hors4»-power,  wofi 
stream  at  from  three  to  six  miloi  •• 
although  on  the   downward  jouratijfi 
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Bo  increased  to  ten  miles  by  runniog 
engine  at  1:20  to  1^0  revolutiims.     In 
le  placed,  also,    they  had  smaller  boats 
|tefi  with  portable  engines — engines  that 
tly  Ije  transferred  from  ooe  boat  to 
and  while  these  were,  by  a  very 
Igenioua     contrivance,     enabled    to    pass 


I 


ugh  the  narrowest  partB  of  a  canal  or 
lowest  bridges,  they  could  easily  travel 
t  24  miles  an  hour  with  two  '200-ton  barges 
itcneti  behind  thcra.  The  ropes  wero  in 
dues  hiid  along  the  side  of  the  deck, 
never  being  very  long  exposed  to  the 
r  they  were  not  liable  to  injury  by  oxida- 
,  neither  were  t bey  subject  to  fracture  or 
Miruction  on  the  bed  of  the  river.  The 
used  on  the  river  Meuse  was  only  1  in. 
eter,  of  iron  wire,  the  greater  part 
ling  galvanised,  and  having  a  breaking 
rsin  of  14  tons.  The  weight  wjis  4|  lbs. 
ir  yard,  and  cost,  including  the  laying 
£93.  The  maximum  work  done  by 
tug  of  14  horse-power,  was  towing  18 
mis  containing  a  total  cargo  of  1,000  tons; ' 
hlle,  by  another,  1,500  tons  of  freight  was 
med  by  10  boats.  Both  trips  were  made 
Hire  am,  and  at  from  2^  to  3  miles  an 
\  including  stoppages.  The  average 
mk  of  the  tugs  was  to  tow  700  to  900  tons 
cargo,  in  8  or  12  boats  of  different  sizes 
-the  steering  in  all  cases  being  good — 
fhilc  the  average  amount  of  coal  consumed 
the  14-liorse  tug  amounted  to  three- 
luirtcrs  of  a  hundredweight  per  mile^ 
Kkd  the  working  expenses  to  £2*2  per  month. 
Ihe  cost  of  towing  on  the  canals,  where  the 
'8t4>m  was  now  in  operation,  amounted  to 
f»t  more  than  .05d.  (or  one-tvrentieth  of  a 
eony)  per  ton  per  mile,  including  the  work- 
Ig  expen^cH,  the  management,  the  interest,  i 
bd  the  redemption  of  capital.  This  result ' 
raa  not  only  another  illustration  of  the 
^eat  advantage  which  inland  navigation 
i>i^ses»ed  over  any  other  mode  of  carrying 
icavy  traffic  whore  speed  was  not  required, 
itti  it  also  proved  the  important  commercial 
alue  of  this  particular  mode  of  towing,  as 
Dmpared  with  any  of  the  other  methods 
ithcrto  in  general  use*  The  average  cost 
f  towage  by  animal  power  on  four  English 
lUiftU,  amounted  to  .H5d.  per  ton  per  mile, 
bd  on  seven  French  canals  was  ,27d.  With 
ftddle  tugs  on  the  Thames  the  ooet  was 
i8d.,  and  on  six  rivers  in  France  it  was  as 
igh  as  .HOd.  per  mile.  The  employment  of 
new  tugs  on  three  English  canals  resulted 
i  an  average  cost  of  .27d. ;  whilst  towing 
eftrrying  their  own  machinery  coat, 


on  seven  English  canals,  ,20d.  per  mile.  In 
oonclusion^  the  author  remarked  that  while 
railways  had  undergone  so  wonderful  a  de- 
Yelopment  during  the  past  thirty  years,  the 
quieter,  but  often  more  important,  mode  of 
transporting  heavy  goods  by  inland  naviga- 
tion had  remained  comparatively  neglected. 
It  was  true  that  the  natural  features  of  Eng- 
land were  not  very  favorable  for  inland  navi- 
gation ,  although  there  was  in  the  United  King- 
dom a  total  length  of  2,000  miles  of  navigable 
water  courses;  but  on  the  Continent,  in  the 
colonies,  and  especially  in  India,  there  was* 
a  vaat  amount  of  traffic  for  which  no  better 
highways  could  be  found  than  those  already 
traced  by  nature  in  the  rivers  and  streams 
penetrating  the  interior  of  the  country.  The 
system  of  wire  rope  towing  that  had  now 
been  described,  placed  inland  navigation  in 
a  similar  relative  position  to  that  in  which 
the  road  traffic  was  placed  by  the  introduc- 
tion of  the  railway  and  the  locomotive.  By- 
means  of  the  clip  drum,  the  tug  obtained  a 
hold  upon  the  flexible  rope  laid  on  the  water 
course  precisely  In  the  same  manner  as  the 
driving-wheel  of  the  locuuiotive  took  hold 
of  the  rigid  rail  upon  which  it  ran  ;  and  the 
great  advantage  of  steam-power  might, 
therefore,  be  similarly  brought  to  bear  on 
the  movements  of  vessels  in  water— leaving 
to  railways  all  their  superiority  in  regard  to 
speed,  but  restoring  to  rivers  and  canals 
their  advantages  in  reduction  of  traction. 

MECU  A5ICAL  FIRING  OF  STEAM  BOILERS 

Bj  Mr.  Jubn  DAOLtau* 

AWrAot  of  ft  paper  re  Ad  b«foro  the  In^titatioji  «f 

JMccbatiic&l  EngineerA  »t  Nvwcaatle. 

The  first  part  of  this  paper  contains  the 
results  of  a  series  of  experiments  that  were 
arranged  and  carried  out  by  the  writer  at 
Rain  ton  Colliery,  chiefly  for  the  practical 
determination  of  the  question  of  the  utility 
and  economy  of  side  water  boxes  in  connex- 
ion with  Juckcs'  furnaces,  and  incidentally 
to  ascertain  the  advantage  derived  from  cov» 
cring  boilers,  and  the  best  materials  for  thai 
purpose.  A  second  series  of  experiments 
wore  then  given  that  were  conducted  at  8ca- 
liam  Colliery,  for  the  purpose  of  practically 
ascertaining  with  certainty  the  advantages 
obtained  by  the  use  of  mechanical  apparatus 
as  compared  with  firing  by  hand,  and  the 
comparative  advantage  6i  various  systems 
of  mechanical  apparatus.  Incidentally,  at- 
tention was  drawn  to  other  points,  and  ex- 
periments were  made  to  ascertiiin  the  best 
rate  of  motion  for  tho  bars,  thickness  of  fire. 


922 


VAN  NOSTRAND*S  JINQINEERINO 


and  distance  of  boiler  from  firegrate.  A 
third  BcrietJ  of  experiments  were  then  given 
that  were  conducted  at  Silksworth  Colliery^ 
for  the  purpose  of  determining  the  relative 
advantage  of  the  Cornish  boiler  for  collier j 
purposes,  as  compared  with  the  plain  cylin- 
drical boiler,  prior  to  erecting  a  large  num- 
ber for  the  extensive  new  coal  winning  which 
Ls  now  proceeding  at  Silksworth.  Inclden- 
tttlly,  the  experiments  were  carried  out  with 
different  qualities  of  coal,  for  the  purpose  of 
aBcertainiog  their  comparative  economic  ef- 
fects. The  first  series  of  experiments  were 
made  at  the  puuiping  engine  at  Eainton 
Colliery,  which  ih  well  adapted  for  experi- 
ments of  this  kind»  as  the  engine  is  going 
continually  at  an  uniform  speed.  The  boil- 
era  are  in  one  range,  are  all  of  the  same 
size  and  description,  and  the  temperature  of 
the  water  was  taken  alike  throughout.  They 
are  fitted  with  Juekes'  mechanical  firegrate, 
consisting  of  an  endlesi^  chain  of  short  lon- 
gitudinal bars,  traversing  forwards  with  a 
slowi  continuous  motion,  and  thus  conveying 
the  fuel  from  the  hopper  by  a  self-acting 
operation.  Nos.  1  and  2  were  covered  with 
one  description  of  boiler-covering  composi- 
tion, and  were  fired  by  Juckes'  mechanical 
furnaces,  4  ft.  broad ;  while  two  wronght- 
iron  pipes,  *2  in.  in  diaraeter,  were  placed 
on  the  inner  end,  1^  in,  above  the  bars. 
These  pipes  were  necessarily  exposed  to  the 
action  of  the  furnace  heat,  and,  in  order  to 
prevent  them  from  being  burnt,  were  con- 
fitJintJy  kept  filled  with  water.  Nos.  3,  4  and 
6  boilers  were  also  fired  by  J uckes*  furnaces, 
to  which  were  added  Coulson*s  water-boxes. 
These  are  the  full  length  of  the  furnaces,  7 
in,  square,  made  of  half-inch  wrought  iron; 
on  the  inner  end  they  are  conneeted  with 
the  boiler  by  pipes,  and  have  at  the  outer 
end  a  sludge  pipe,  to  remove  any  scale  from 
the  boiler,  No8,  3  and  5  boilers  are  cov- 
ered with  different  kinds  of  boiler-covering 
compnsiition^  whilsst  No.  4  is  not  covered  ut 
all.  The  height  of  the  bottom  of  the  boil- 
ers above  the  fire  bars  was  *2  ft.  in  three  of 
tlie  boilers,  and  1  ft.  G  in.  in  the  others. 
The  quality  of  coal  used  was  peas,  or 
screened  small  steam  coab ;  the  same  qual- 
ity being  used  in  all  the  experiments,  and 
the  exact  quantity  of  coal  used  was  carefully 
noted.  The  time  taken  in  consuming  the 
coals  was  also  noted,  together  with  the  num- 
ber of  gallons  passed  through  the  special 
foc-d  pipe;  all  connexion  with  the  other  boiU 
ers  being  shut  off.  The  strokes  of  the  en- 
gine were  also  taken  during  each  experiment 
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ring,  the  qaantity  of  water  evaporated  per 
ound  of  ooal,  with  a  flash  flue,  is  6.66  lbs. 
ft  eompared  with  5.22  lbs.  with  a  wheel 
ine ;  and  the  total  quantity  of  water  eyapo- 
lited  is  441  gallons  per  hour,  as  compared 
iriili  438  gallons  per  hour,  showing  the 
■irked  advantage  of  the  flash  flue  over  the 
vheel  flue,  not  only  in  the  economic  effect 
)f  fuel,  but  also  of  boiler  space.  It  is  pro- 
t»able,  however,  that  this  amount  of  econo- 
aic  effect  (6.66)  is  considerably  higher  than 
Iiat  obtained  under  ordinary  circumstances, 
m  the  fires  were  more  regularly  attended  to 
ban  is  usual  with  hand  firing.  Secondly, 
Fnekes'  furnaces.  This  apparatus,  invented 
or  firing  steam  boilers,  has  been  in  opera- 
ion  some  time  in  this  district,  and  has 
aielj  been  adopted  very  largely  at  many 
ollieries  in  the  north  of  England.  The 
dTantages  of  this  furnace  are,  perfect  com- 
lOBtion  of  smoke,  and  great  regularity  in 
mLiiDg  steam ;  the  saving,  in  common  with 
fiber  mechanical  appliances,  in  the  wear 
.nd  tear  of  boilers  and  in  manual  labor  in 
U>kiDg,  the  latter  amounting  probably  to 
S200  per  year  per  boiler.  In  comparison 
rith  hand  firing,  it  does  not  seem  to  possess 
ny  great  advantage  in  economy  of  fuel, 
he  comparative  economic  effect  being  5.09 
s  compared  with  6.66  for  hand  firing ;  but 
he  latter  b  probably  a  much  higher  result 
ban  what  is  usually  attained  in  practice, 
jike  all  other  mechanical  appliances,  it  re- 
loires  a  certain  amount  of  care  and  atten- 
loa  in  its  use ;  but  on  the  whole  it  may  be 
aid  to  be  successful  and  economic  in  appli- 
mtion.  It  is  not  well  adapted  for  using 
)aff  coal,  although  this  is  done  in  some  in- 
tances  when  the  Duff  is  washed.  Thirdly, 
/'icars'  furnaces.  Of  all  the  mechanical 
apparatuses  for  firing  steam  boilers,  none 
eem  to  be  so  successful  as  Vicars',  as  ar- 
angcd  at  Seaham  Colliery,  though  this 
apparatus,  erected  elsewhere,  seems  not  to 
lave  worked  satisfactorily,  which  was  pro- 
>ably  owing  to  the  improvements  recently 
nade  in  the  apparatus.  These  now  consist 
if  three  distinct  appliances.  The  traversing 
Nurs,  intended  to  give  progressive  motion  to 
be  incandescent  fuel,  by  a  slow  alternate 
kod  intermittent  longitudinal  motion ;  sec- 
ond, the  pump  feeders,  which  alternately 
iresfl  a  regular  supply  of  coal  from  the  hop- 
Mr  to  the  bars;  third,  the  water  troughs, 
n  which  the  fire  bars  are  immersed,  and 
rbicb  are  absolutely  essential,  as  no  ordi- 
larj  fire  bars  can  withstand  *the  intense 
leat  of  the  fire.     This  furnace  was  in  con- 


stant operation  at  Seaham  Collieries  for 
nine  months  without  requiring  any  repairs, 
and  in  all  respects  it  has  been  most  success- 
ful and  economic.  When  using  the  same 
class  of  coal  (peas)  as  in  the  hand-firing 
experiments,  the  economic  effect  was  7.14, 
as  compared  with  6.66 ;  but  the  maximum 
results  of  this  furnace  have  probably  not 
yet  been  obtained,  nor  the  best  conditions 
as  to  thickness  of  fire  ascertained,  the  high 
amount  of  8.78  lbs.  of  water  evapcMrated  per 
pound  of  coal  being  in  one  instance  ob- 
tained. This  furnace  is  very  efficient  in  its 
action  in  avoiding  the  formation  of  smoke. 
The  great  advantage,  however,  attending 
the  use  of  the  furnace  la  its  applicability 
to  the  use  of  Duff  coal,  or  dust  coal,  with 
high  economic  effect.  It  will  be  observed 
that  with  dust  coal  the  economic  effect 
actually  reached  is  6.84  lbs.  of  water  per 
pound  of  coal.  Taking  the  consumption 
of  fuel  in  one  of  these  experimental  boilers 
at  six  tons  per  day  of  24  hours,  and  taking 
the  comparative  price  of  Peas  and  Duff  coal 
at  3s.  and  Is.  per  ton  at  the  pit,  the  com- 
mercial economy  effected  by  the  use  of  these 
furnaces  over  any  other  mechauical  appara- 
tus not  adapted  to  use  Duff  coal  will  be 
from  iS200  per  year  per  boiler.  The  evapo- 
rative power  of  the  apparatus  does  not 
appear  by  these  experiments  to  be  equal  to 
that  of  Juckes'  or  hand  firing,  although  this 
may  arise,  as  before  stated,  from  the  fact 
of  its  maximum  power  not  beins  yet  per- 
fectly developed.  A  somewhat  interesting 
circumstance  may  be  observed  in  these  ex- 
periments. The  fire-bars  used  in  this  special 
fire  are  5  ft.  4  in.  in  length,  whilst  those  in 
Juckes'  apparatus  are  6  ft.  6  in.  in  length ; 
but  although  the  heat  of  the  fire  in  Vicars' 
ffrate  was  much  more  intense  than  in  the 
Juckes',  the  pyrometric  observations  in  the 
flue  beyond  the  boiler  invariably  showed 
much  lower  temperature  from  the  former 
than  from  the  latter.  It  would  seem,  there- 
fore, that  the  heat  developed  in  the  grates 
of  the  Vicars'  is  of  considerably  higher 
intensity  than  that  of  the  Juckes',  and  as 
effectual  in  its  action  on  the  exposed  sur- 
face of  the  boiler,  so  that  the  absolute  heat 
remaining  on  arriving  at  the  flue  is  then  re- 
duced below  that  of  Juckes'.  The  experi- 
ments with  Stanley's  apparatus  give  very 
irregular  results,  showing  that  a  lengthened 
series  of  experiments,  as  to  speed  of  db- 
persers,  thickness  of  fire,  etc.,  would  be  re- 
quired before  the  maximum  effect  could  be 
regularly  attained.     In  this  apparatus,  the 
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coal  falls  tlirough  crushing  rollers  on  to 
two  dbpersers,  or  rapidly  revolviDg  di»08 
with  riidiartiiig  ribs,  which  iscatter  the  oonl 
uniformly  throngh  the  fire  by  centrifugal 
action.  The  advantages  of  this  furnace  are 
that  it  permits  of  the  use  of  l>uff,  or  dust 
coal,  and  a  comparatively  largo  amount  of 
fuel  can  be  conaoined  per  square  foot  of  fire- 
grate surface*  As  compared  with  hand 
tiring,  a  much  lower  economic  efl'ect  is  ex- 
hibited, being  4.74  against  6.66;  but  it  is 
more  than  probable  that  this  arises  from  the 
Stanley  apparatus  not  being  in  all  respects 
arranged  to  obtain  its  maximum  effects.  A 
few  experiments  were  made  with  this  fur- 
Dace  after  the  addition  of  Whittaker^s  tra- 
versing bars,  but  not  sufficient  to  yield  any 
reliable  data.  The  third  series  of  experi- 
ments with  single  tubular  boilers  were 
made  with  two  boilers  erected  at  Silksworth 
Colliery,  for  temporary  purposes,  which 
were  fortunately  of  exactly  the  same  size, 
and  were  construeted  with  a  single  tube. 
They  had  been  previously  in  use  at  the 
Londonderry  blast  furnaces  blowing  en- 
gine, and  were  then  set  over  the  tire-grate, 
the  draught  returning  through  the  tube  and 
thence  round  cocdi  side  of  the  boiler.  At 
8ilksworth  one  of  these  boilers  is  set  in  a 
similar  way,  the  other  having  a  fire-grate 
fitted  up  in  the  tube  and  used  as  a  Cornish 
boiler.  This  series  of  experiments  was  in- 
tended also  to  show  the  UMeful  effects  of  ex- 
ternal heating  Burfaco,  and  by  an  arrange- 
ment of  dampers  the  smoke  could  be  either 
taken  at  once  up  the  chimney,  or  made  to 
paas  all  around  the  outside  of  the  boilers  by 
the  external  wheel  fiue*  The  following  are 
the  chief  deductions  to  be  drawn  from  these 
experiments :  First,  the  advantage  in  No,  1 
boiler,  of  using  the  wheel  fine,  overtaking 
the  smoke  direct  through  the  tube  to  the 
chimney,  is  as  5.51  to  4.87;  secondly,  there 
ia  a  alight  disadvantage  in  No,  li  boiler 
using  the  return  tube  through  the  boiler  and 
the  side  flues,  instead  of  taking  the  flame 
direct  from  under  the  boiler  to  the  chim- 
ney, being  as  4, 72  to  4,94.  The  general 
results  of  these  experiments  tend  to  show 
the  advttutiige  of  flush  flues,  having  the 
usual  large  heating  surface.  The  most  im- 
portant point,  however,  to  be  deduced  from 
the  experiments  was  the  small  evaporative 
power  of  the  boiters  when  fired  through  a 
single  tube,  aa  compared  with  the  result  of 
firing  underneath  the  boilers,  being  only  GU4 
and  690  gallons  evaporated  by  the  former  as 
compared  with  1344  and  124^  by  the  latter 


method,  the  economy  of  fuel  heiu^  ^i 
same  in  each  case.     Tbe  chimnrY, 
used  for  these  boiler*  wan  oi*ly 
and  not   capable    of  prodneiftc  i 
sufficient  for  the  wheel  flue*,    ftii 
ders  it  Impossible  to  mmke  any 
between  these   ezperimeiiU  and 
at  8eaham  Colliery*     It  m\tit  h9 
i  mind  that  these  boilert  arc  by  »a 
specimens  of  the  Cortii^fa  bailen;  lal 
rangements  are  being  made  to  ^n) 
series  of  experimetitj^  to  Ascertain  i^ 
orative  power  and  ecoQutuy  of  tiM  C 
boiler  as  compared    with  oylisdrioa] 
These  experimenta  will  be  qumU  wili 
erea   recently   erected   at    Hettoft 
of  improved  const  ruction.      In 
the  writer  expressed   his  thaabi  to 
P.    B.    Hood,    Wm.    ArutiMrong,  jr., 
Emerson  Bain  bridge,  for   their  t*rM 
I  tention  in  carrying  out  and  iai 
experiments, 

ACCUMULATED  HY!    ~ 

From  '*Tho  L--^.«.. 

We  divided  this  subject  into  five  ] 
in   our   first   article,*  namely:  ll)  !>••( 
gen  crating  the  power ;  (2)  l^"*^  hr  i 
(3)  The  cost  of  the  m 
nience  of  application  ;   :i 
tenance.     These  heada  wc  d  i 

erally  and  collectively  in  tlu. 
object  waa  to  take  a  sort  oi 
view  '*  of  the  ciuestion  j  to  b«  afl 
amplified  in  dealiug  with  each 
tail.  In  dealing  practicjiUy  wttk 
problems  it  is  impossible  to  a^iofiti 
tern  of  division  or  cla^sificalioii 
be  adhered  to  thraughout.  It  i*  i 
at  certain  points  U>  admit 
lapping  of  the  divisions,  V^ 
to  keep  the  varinui*  dh 
may  be,  but  we  shall  n^ 
mere  classification  to  tht*  uiur«  tatportxal 
considerations  of  cleariie^id  ami  |ifirtMl 
convenience.  Having  thus  &r  expIaiacJ 
the  **  base  of  operatiotts,"  w©  a^all 
to  the  discussion  in  detAtl  of  th^  **i 
generating  the  power/* 

Water  pressure,  8Ucb  as  we  mrei 
can  only  be  obtained  by  pti]n|»tlif 
accumulator,  as  the  high  preamrr 
exceeds  that  of  any  natmml 
for   instance,  in    the    oaM  of  tli» 
sets  of  hydraulic  • 
have   been  introdn^ 
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toong  &  Co.,  the  pressure  most  commonly 
llopted  ia  700  lbs.  per  square  in. — a  pressure 
BOrresponding  to  a  head  of  about  1,600  ft. 
Ji  IS  needless  to  observe  that  such  a  ^*  head  " 
|i  this  is  not  obtainable  either  naturally  or 
Irtifioially  in  any  of  those  localities  where 
it  would  be  commercially  available.  Even 
Um  lower  pressures  of  800  lbs.,  and  500  lbs., 
per  square  in.,  which  have  been  adopted  in 
Nir  chief  steel  and  iron  works,  would  require 
tHipcctivelyel  ovations  of  700  ft.  and  1,150  ft. 
rhese  pressures,  therefore,  are  only  obtaina- 
ble by  the  use  of  a  loaded  accumulator,  and 
\  fortiori^  those  higher  pressures  of  two  and 
liree  tons  per  in. — of  which  we  shall  treat 
a  tlie  course  of  our  present  inquiry — are 
necessarily  so  obtained. 

We  shall  first  consider  those  cases  where 
k  steam  engine  is  employed  to  work  the 
lumps,  such  being  the  rule,  though  it  will 
)e  necessary  to  discuss  some  very  important 
exceptions.  With  the  question  of  the  eco- 
lomic  production  of  steam  in  the  boiler  we 
lave  not  to  deal,  nor  is  it  within  our  present 
>ar|)Ose  to  discuss  any  points  affecting  the 
mgine  perse;  though  both  these  parts  of 
lie  general  apparatus  must  play  a  most  im 
KNTtaiit  part  in  determining  the  question  of 
absolute  economy.  Their  selection  lies,  how- 
yrer,  in  the  province  of  steam  engineering. 

It  will  be  necessary,  nevertheless,  to  con- 
kider  the  use  of  the  steam  in  the  engine  as 
ikr  as  the  same  is  afifccted  by  the  construc- 
ion  of  the  hydraulic  apparatus  and  the  mode 
if  con^ying  power  from  the  engine  to  the 
lumps.  The  simplest  way  of  looking  at  the 
irork  to  be  done  is  to  consider  the  accumula- 
don  of  the  power  merely  in  the  light  of  a 
load  raised  a  given  height.  The  *^  head ''  of 
vmter  which  would  correspond  to  the  pres- 
mre  per  square  in.,  is  the  measure  of  the 
lieight  to  which  the  load  is  to  be  raised,  if 
rocn  load  be  taken  as  the  weicht  of  the  wa- 
ter pumped.  If,  on  the  other  band,  the  load 
on  the  accumulator  be  taken  as  the  load  to 
be  raised,  the  distance  through  which  the 
ram  of  the  accumulator  is  raised  is  the  meas- 
ure of  height.  In  the  first  case  we  have  a 
imall  load  raised  to  a  great  height ;  in  the 
latter  a  larger  load  lifted  through  a  less 
iieight.  The  first  represents  the  amount  of 
irork  by  a  theoretical  expression,  while  the 
latter  gives  the  actual  state  of  the  case.  We 
ihall  have  occasion  to  refer  to  each  in  its 
[ilaoe,  but  we  may  call  attention  to  the  fact 
iiat  the  first  is  by  far  the  more  convenient, 
IS  the  quantity  of  water  pumped  can  be  at 
»nce  stated,  or,  in  practice,  ascertained  by 


measurement;  the  total  lift  of  the  ram  of 
the  accumulator  could,  on  the  contrary,  only 
be  ascertained  by  complicated  systems  of 
addition  and  substraction,  the  actions  of  the 
machines  keeping  the  ram  in  a  constant  state 
of  upward  ^nd  downward  movement.  We 
have  got,  then,  a  load,  which  is  continuous, 
to  be  lifted  to  a  given  height.  This  load  is, 
by  its  very  nature,  inelastic,  and  to  raise  it 
by  an  elastic  force,  as  of  steam,  requires 
special  adaptations  to  guard  against  waste  of 
power.  Clearly,  the  worst  possible  way  to 
raise  a  load  by  steam  power  would  be  by  the 
direct  action  of  the  steam,  as,  expansion  be- 
ing impossible,  the  steam  must  be  discharged 
with  the  major  portion  of  its  energy  unde- 
veloped, yet  we  have  seen  this  done  where 
an  engine  of  the  ^^direct-acting"  class,  with 
the  steam  piston-rod  passed  through  the  ends 
of  the  steam  cylinder  into  two  small  hydrau- 
lic cylinders,  was  used  for  pumping  into  an 
accumulator  at  a  pressure  of  about  two  tons 
per  inch.  Not  only  is  there  here  the  ruinous 
waste  of  steam,  but  as  the  speed  of  the 
steam  piston  cannot  exceed  that  of  the  hy- 
draulic pistons,  a  very  large  steam  cylinder 
would  be  required  to  work  a  sufficient  quan- 
tity of  steam. 

The  speed  of  hydraulic  pump  plungers 
working  at  high  pressures  must  be  slow 
while  a  hi^h  speed  of  piston  is  advisable  for 
steam  engmes,  as  reducing  the  cost  and  size 
of  the  engine  and  also  facilitating  expansion. 
The  steam  piston  should  run  at  from  five  to 
ten  times  the  speed  that  the  hydraulic  plun- 
gers work  at.  It  is  therefore  necessary  that 
some  sort  of  intermediate  gearing  should  be 
used  between  the  engines  and  the  pumps; 
and  also  that  provision  should  be  made  in 
the  engine  for  a  sufficient  power  of  momen- 
tum to  enable  expansion  to  be  fully  carried 
out.  There  is  a  great  advantage  in  the  fa- 
cilitv  with  which  expansion  can  be  carried 
out  m  engines  employed  in  pumping  into  ac- 
cumulators. No  self-acting  expansion  gear 
worked  from  the  governor  is  necessary ;  the 
load  being  constant,  the  cut-off  may  also  be 
constant.  Where  engines  are  specially  made 
for  this  work,  it  is  advisable  to  use  two  cyl- 
inders connected  to  cranks  set  at  right  an- 
gles on  one  shaft.  On  this  shaft  should  be 
a  fly-wheel  of  a  weight  suited  to  the  rate  of 
the  engine  and  the  degree  of  its  expansion. 
A  second  shaft  should,  by  means  of  short, 
strong  cranks,  drive  the  hydraulic  plungers, 
these  cranks  beins  opposite  to  each  other. 
This  second  shaft  is  to  be  geared  to  the  first 
by  accurately  made  tooth   gearings  of  the 
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rork  is  heavy  and  intermittent,  particularly 
f  the  power  has  to  be  conveyed  long  dis- 
moes,  its  generation  and  conveyance  by  hy- 
Iraalic  apparatus  will  be  a  source  of  economy. 

The  economy  of  having  a  constant  load 
Igain^t  the  engine  has  been  already  pointed 
Ml ;  and  the  economy  of  conveyance  through 
long  distances  will  be  perceived  from  the 
bet  that  water  pressure  conveyed  through 
ipwards  of  two  miles  of  pipes  showed  no 
perceptible  loss  of  power.  Shafting,  on  the 
vUier  hand,  if  carried  to  any  considerable 
length,  absorbs  a  great  deal  of  power  to  over- 
some  its  friction,  entails  a  constant  expense 
for  labrication,  and  is  subject  to  considerable 
vear  and  tear.  In  conveying  power  by 
vater,  the  distance  makes  but  little  dififer- 
mce  in  friction,  there  is  no  expense  for  lu- 
brication, nor  is  there  much  wear  and  tear. 
Beyond  this,  pipes  are  cheaper  to  lay  than 
ihi^ting,  can  be  laid  where  shafting  cannot, 
ind  do  not  require  protection  from  dust. 

As  against  these  sources  of  economy  may 
be  set  the  fact  that,  when  not  fully  loaded, 
there  is  a  proportionate  loss  of  power  with 

Sdraulic  machines,  since  the  power  used  is 
rajs  the  maximum,  whatever  the  load  may 
be.  It  b  questionable,  however,  whether 
the  economic  working  of  the  prime  mover 
loes  not  more  than  counterbalance  this ;  and 
irhile  with  shafting,  machines  must  be  start- 
fd  and  stopped  suddenly,  with  hydraulic 
pressure  any  graduation  can  be  obtained. 
There  is  also  a  beautiful  steadiness  of  mo- 
aon — due  to  the  want  of  elasticity  in  the 
irater — which  is  of  great  value  in  most  me- 
•hanical  operations.  We  shall  have  a  better 
ypportnnity  of  speaking  of  this  latter  advan- 
tage in  dealing  with  the  fourth  division  of 
yor  subject. 

In  connection  with  the  cost  of  generating 
ind  accumulating  the  power,  we  would  call 
Utention  to  the  feasibility,  in  many  cases, 
jf  aiding  the  pumps  by  returning  the  water 
under  pressure  from  a  descending  load. 
Take  the  case  of  a  lift,  where  heavy  wagons 
ar  eages  have  to  be  raised  full  and  sent  down 
empty.  It  would,  in  such  a  case,  be  possi- 
ble to  effect  a  considerable  economy  by  lead- 
ing the  exhaust  pipe  direct  to  the  pumps ; 
u  whatever  might  be  the  pressure  exerted 
by  the  descending  load,  to  that  extent  would 
the  engine  be  relieved,  and  a  corresponding 
economy  effected.  A  case  of  this  kind  oc- 
imrred  at  the  Mersey  Ironworks.  A  steam 
pressure  of  45  lbs.  was  required  to  charge 
the  accumulator  when  the  water  was  dis- 
charged from  the  exhaust  in  the  ordinary 


way.  On  changing  the  arrangement,  so  as 
to  carry  the  exhaust  water  in  confinement  to 
the  pumps,  25  lbs.  sufficed.  The  merit  of 
this  arrangement  is  due  to  Mr.  W.  Clay.  A 
somewhat  similar  arrangement  has  been  for 
some  years  in  use  at  Newport  in  Monmouth- 
shire. In  this  case  a  small  ram  is  driven 
back  against  the  pressure  of  an  accumulator 
by  the  descent  of  a  box  loaded  with  coal ; 
such  box  being  then  discharged  into  the  col- 
liers' hold,  is  raised  by  the  power  accumula- 
ted J)y  its  descent,  the  difference  of  the 
weight  when  empty  allowing  for  the  friction 
of  the  apparatus.  In  some  instances  it  is 
preferable  to  use  a  counterbalancing  weight. 
These  contrivances  are,  however,  noticed 
here  merely  as  means  of  attaining  economy 
in  the  power.  Their  further  discussion  will 
come  under  the  head  of  designing  hydraulic 
apparatus. 

We  have  advanced  sufficient  proof  of  the 
comparative  economy  of  accumulated  power 
for  many  purposes ;  its  absolute  cost  will  of 
course  greatly  depend  on  purely  local  causes, 
such  as  cost  of  fuel  and  labor. 


FEED  WATER. 

ITS   CHEMICAL   AND   PHYSICO-CHEMICAL 
EFFECTS. 
F.  A.  PAasT,  Esq.,  C.  E. 
From  "  Th«  Looomotire." 
The  wear  and  tear  of  a  boiler  which  oc- 
curs in  the  form  of  corrosion,  properly  so- 
called,  may  be  divided  into  two  principal 
kinds :  (1)  internal  and  (2)  external.     The 
progress  of  both  is  necessarily  intensified  by 
the  mere  effects  of  temperature ;  each,  how- 
ever, has  its  strongly  marked,  distinct  char- 
acter— not  merely  as  to  position,  but  also  as 
to  origin  and  results. 

A  steam  boiler  is  in  the  position  of  a  ves- 
sel into  which  large  volumes  of  water  are 
continually  forced  ;  while  the  heat  applied, 
driving  off  all  volatilizablo  matter,  leaves 
behind  a  concentrated  solution  with  a  chem- 
ical character  dependent  on  that  of  unvola- 
tilizable  matters  in  the  feed-water.  The 
specific  gravity  of  the  substances  found  in 
the  water  naturally  causes  them  to  sink  to- 
wards the  bottom,  at  which  part  the  solu- 
tion is  generally  more  concentrated,  how- 
ever much  it  may  be  stirred  up  by  the  ebul- 
lition. Mr.  J.  R.  Napier  lately  stated  that 
a  piece  of  zinc  '*  about  4  ft.  long,  by  3  in. 
broad,  by  fV^^-  ^^^c^*  placed  in  a  marine  boil- 
er for  three  weeks  "  to  a  depth  of  18  in.  in  the 
water,  showed  a  corrosion  which  rapidly  do- 
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^rould  create  a  certain  amount  of  fric- 
.       ^*»  t;lie  oxide,  clearing  it  away  to  act  on 
•*^  amirface. 

^Tho    orucial  test  of   this   explanation  of 
Sr^S  ^^^ould  be  the  observation  of  the  ab 


^i_'  ^^    the  phenomenon  from  plates  of  an 
lU^^^^^omogeneous  character.    This  homo- 
S^y^^y   oould  only  be  expected  from  fused 
^^^>     such   as   cast   steel.      Accordingly, 
^to^v*^®  writer  was  in  Vienna  a  short  time 
^^J^^    was  assured  by  Mr.  Haswell,  the 
X; ^^I^S^^    of    the    Staatsbahn    Locomotive 
^'  ^2^'*  ^'^^^  some  locomotives  made  of  cast 
'     \^  P*»t«s»  in  1859,  for  the  Austrian  Staats- 
2^  ^^  ^een  working  ever  since  without 
^^iag  signs  of  pitting,  though  under  simi- 
jj^wnditions  iron  plates  had  severely  suf- 
Jj*d  in  this  way.     Pitting  may  thus  be 
^Wy  defined  as  a  form  of  corrosion  local- 
md  to  particular  spots  by  voltaic  action.    It 
il  tbo  probably  aggravated  through  the  mo- 
iiOD  of  the  plate  by  mechanical  action,  and 
tie  expansions  and  contractions  through  al- 
Iflfiuitions  of  temperature.     All  boilers  are 
MO0t  pitted  near  the  inlet  for  the  feed-water, 
ind  with  inside  cylinder  locomotive  boilers 
there  in  generally  more  pitting  at  the  smoke- 
box  end — no  doubt  caused  by  the  more  or 
leis  racking  action  on  these  plates.    A  state 
of  oorrosion  at  particular  spots  would  prob- 
ably be  kept  up  to  a  greater  intensity  by 
die  incrustation  being  mechanically  thrown 
off.     With  a  quicker  voltaic  action,  caused 
by  any  unusual  intensity  of  the   exciting 
Uqaid,  the  sides  of  the  cavities  in  the  plates 
woald  be  sharper  and  less  rounded  off;  as 
in  tbe  case  of  a  boiler  fed  with  mineral  water 
from    ironstone   workings,  which   exploded 
lastyear  at  Aberaman,  South  Wales. 

The  fact  that  pitting  occurs  in  marine 
boilers  when  distilled  water  from  surface 
eondensers  U  used,  does  not  effect  this  ex- 
planation. Water  distilled  in  this  way,  from 
whatever  cause,  after  repeated  boiling,  is 
stated  to  carry  the  salinometer  even  higher 
than  sea  water,  thus  proving  that  it  is  not 
pure.*  In  the  next  place  there  is  the  ab- 
sence of  incrustation,  which  to  some  extent 
protects  the  plates  of  boilers  from  the  chcm- 
leal  action  of  its  contents.  In  this  way  the 
mechanical  buckling  of  the  plates — directly 
and  indirectly  causing  the  furrows  we  have 
spoken  of — ^by  continually  clearing  particu- 
lar lines  of  surface  from  incrustation  and 
oxide,  reduces  these  particular  spots,  with 


*  IiiftltiitioD  of  Meohanioal  Engineers,  1863.  Dii- 
•Qiiion  on  Mr.  James  Jaok's  paper  «0n  tbe  Effects 
«f  Surface  Condensers  on  Steam  Boilers.*' 

Vol.  I.— No.  10.— 61. 


respect  to  corrosion,  to  the  condition  of  the 
plates  of  a  boiler  fed  with  water  which  de- 
posits no  incrustations.  Corrosion  will  also 
act  more  rapidly  at  a  furrow  through  mere 
increase  and  renewal  of  surface.  To  resist 
that  form  of  internal  corrosion  specially 
known  under  the  name  of  pitting,  a  maxi- 
mum of  electro-homogeneity  is  evidently 
required  in  all  the  component  parts  of  the 
boiler. 

While  the  action  of  internal  corrosion, 
often  very  equally  corrugating  the  plates 
over  a  large  surface,  as  a  rule  scarcely,  at 
any  rate  only  gradually,  affects  their  me- 
chanical streugth,  external  corrosion,  being 
localized  to  particular  spots,  is  of  a  much 
more  dangerous  character.  The  one  is 
gradual  and  easily  perceptible,  while  the 
other  is  rapid  and  insidious  in  its  progress. 
Apart  from  accidental  circumstances  affect- 
ing the  brickwork  on  which  a  stationary 
boiler  is  erected,  or  the  outside  of  the  bot- 
toms of  marine  boilers,  it  is  clear  that  ex- 
ternal corrosion  can  only  occur  through 
leakage.  When  leakage  takes  place  through 
a  crack  in  the  plate  caused  by  mechanical 
action,  or  at  a  hole  burnt  out  by  heat,  the 
effects  of  leakage  are  only  secondary  results, 
due  to  a  primary  cause  which  of  itself  may 
cause  the  stoppage  of  the  steam  generator. 
But  a  leakage  at  a  joint  may  in  itself  gradu- 
ally cause  the  destruction  of  the  boiler. 
Here  we  see  another  reason  that  the  charac- 
ter of  a  boiler,  not  merely  as  to  ultimate 
strength,  but  also  as  to  wear  and  tear,  inti- 
mately depends  upon  the  form  of  its  joints. 
It  is  often  noticeable  that  very  good  lap- 
joints,  even  when  tested  under  hydraulic 
pressure  up  to  only  60  per  cent  above  the 
working  load,  sweat  more  or  less.  The  ten- 
dency of  the  internal  pressure  to  form  a 
correct  circle  bears  indirectly  on  these 
joints,  causing  them  to  open,  more  or  less» 
and  to  leak,  in  spite  of  the  caulking.  Mr« 
Robert  Galloway,  C.  E.,  who,  as  an  engi^ 
neer  surveyor  of  long  standing  of  the  Board 
of  Trade,  has  probably  made  more  than 
three  thousand  careful  inspections  of  marine 
boilers,  states  that  he  has  often  noticed  a 
furrow  or  channel  on  the  outside  of  the 
joint,  running  parallel  to  the  outside  over- 
lap for  some  distance,  and  evidently  caused 
by  leakage.  Along  the  water  line,  con- 
densed water  will  act  on  the  joints,  while 
below  it  the  concentrated  contents  of  the 
boiler  will  come  into  chemical  action.  A 
leakage  in  a  marine  boiler  often  eats  away 
a  plate  within  a  year.     In  some  cases  a  jet 
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eptible,  it  remains  to  demonstrate  that 
k  is  applicable  to  marine  engines,  as  well  as 
W  other  condensing  engines,  and  to  describe 
tile  method  of  its  application. 

The  obstacle  in  the  way  of  condensation 
fcjT  injection  in  marine  engines  working  at 
logh  pressures  is  not  in  the  principle  of 
eiNidensation,  but  in  the  water- supply  of  the 
koilers.  By  the  mere  elevation  of  tempera- 
kire  the  feed  water  precipitates  its  calcareous 
nits,  even  without  the  added  effect  of  pro- 
gresfiive  concentration,  and  deposits  them  in 
the  boiler,  partly  in  the  form  of  scale,  which 
dhmnishes  the  transmission  of  heat,  and 
ptrtlj  in  the  form  of  small  crystals,  which 

Stther  upon  the  heating  surfaces.  When 
e  pressure  does  not  exceed  1.5  to  2  atmos- 
{heres,  or  the  temperature  does  not  exceed 
21^,  the  point  at  which  sea-water  dissolves 
twice  the  quantity  of  sulphate  of  lime  which 
il  contains  naturally,  blowing  out  may  be 
resorted  to  at  suitable  intervals.  This  will 
retard,  but  will  not  wholly  prevent  incrusta- 
tion. But  even  this  resource  is  no  longer 
available  when  the  pressure  rises  to  2.4  at- 
mospheres and  the  temperature  to  127^, 
since,  at  that  point,  the  water  begins  to  depo- 
sit its  sulphate  as  soon  as  it  enters  the  boiler. 

It  is  essential,  then,  to  obtain  a  feed  wa- 
ter free,  or  nearly  so,  from  calcareous  salts, 
mud  for  this  purpose  the  surface  condenser  was 
devised  as  a  simple  method  of  obtaining  dis- 
tilled water,  which  was  most  reasonably  sup- 
posed to  be  eminently  suited  to  boiler  supply. 

Generally  speaking,  then,  the  function  of 
the  condenser  may  be  said  to  consist  of  two 
distinct  acts :  1st.  Transferring  the  heat  of 
the  steam  to  cold  water,  thereby  condensing 
the  former.  2d.  Eliminating  from  the  en- 
gine all  of  this  heat,  except  so  much  as  is 
returned  to  it  in  the  feed  water.  In  both 
forms  of  the  condenser  these  two  acts  are 
performed  iimultaiieously^  and  in  the  inter- 
val of  time  occupied  by  two  strokes  of  the 
piston.  But  the  general  performance  of  the 
engine  requires  only  that  the  first  act  should 
be  accomplished  rigidly  within  the  time  just 
mentioned ;  the  other  may  be  effected  at 
lebnre  with  the  solo  condition,  that  it  be 
done  in  such  a  manner  as  not  to  impede  the 
condenser.  This  state  of  facts  allows  the 
practical  application  of  the  monohydric  prin- 
ciple of  condensation,  which  consists  in 
ejecting  into  the  condenser  the  same  water, 
continuously  and  repeatedly,  which  will  be 
non-incrnstmg,  if  previously  deprived  of  its ' 
salcareous  salts,  and  in  refrigerating  it  each 
time  it  passes  the  condenser,  without  inter- 


mixture with  the  cooling  water.  It  is  clear 
that  if  refrigeration  is  made  a  separate  op- 
eration, entirely  independent  of  the  conden- 
ser, we  shall  have  all  the  advantages  of  in- 
jection and  a  non-incrusting  feed  water. 
This  principle  is  not  new.  It  has  already 
been  applied  to  pumping  engines  in  mines 
where  the  water  is  acid  and  corrosive.  I 
have  myself  given  an  application  of  it  in  a 
memoir  on  incrustation,  with  the  plan  of  a 
refrigerator  for  effecting  the  repeated  cool- 
ing of  the  injected  water.  I  propose  to  em- 
ploy it  as  an  accessory  of  an  engine,  provi- 
ded with  an  injecting  condenser,  and  for  a 
detailed  description  of  it  I  beg  leave  to  re- 
fer to  the  memoir  in  the  Annales  des  Mines 
(September  and  October,  1854).  The  follow- 
ing is  a  brief  description  of  the  refrigerator: 

*'  The  water  drawn  from  the  condenser  is 
raised  by  a  pump  to  a  reservoir  placed  at  an 
elevation  of  several  meters,  and  underneath 
this  reservoir  is  located  the  refrigerator, 
.composed  of  vertical  copper  tubes,  surround- 
ed by  a  cylindrical  copper  shell.  The  warm 
water  descends  from  the  reservoir  through 
the  tubes,  which  are  immersed  in  the  cold 
water,  which  is  constantly  renewed  by  a  cur- 
rent moving  from  below  upwards,  i.  e.,  in  a  di- 
rection contrary  to  that  of  condenser  water." 

It  is  plain  that  the  apparatus  employed 
in  the  English  practice  as  a  surface  conden- 
ser might  be  used  as  a  refrigerator,  requir- 
ing only  to  be  placed  in  such  a  manner  that 
the  tubes  be  vertical  instead  of  horizontal, 
or  slightly  inclined.  The  vertical  position 
is  essential  to  a  regular  and  perfect  method 
of  refrigeration,  since  it  exposes  the  des* 
cendiug  water  to  colder  surfaces  of  refriger- 
ating water  the  lower  it  descends. 

"  To  avoid  the  incrustation  of  the  inte- 
rior surface  caused  by  the  lubricants  there 
may  be  occasionally  introduced  into  the 
tubes  a  hot  alkaline  solution,  which  will  sa- 
ponify the  crust.  For  cleaning  the  exterior 
surfaces  of  the  tubes  a  process  is  adopted 
analogous  to  the  preceding.  It  consists  in 
introducing  into  the  cold  water  space  a  weak 
solution  of  hydrochloric  acid,  which  will 
dissolve  the  carbonates.  By  means  of  a 
system  of  suitably  arranged  valves  both  op- 
erations may  be  effected  promptly,  without 
labor  and  without  deranging  the  action  of 
the  engine." 

As  to  the  details  of  construction,  espe- 
cially the  setting  of  the  tubes,  their  diame- 
ter, etc.,  one  could  not  do  better  than  fol- 
low the  established  rules  of  English  prac- 
tice for  surface  condensers. 
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AltbougL  I  gee  no  reason  to  doubt  tlie 
efficiency  and  success  of  the  monolijrdric  sys- 
tem of  condensation,  I  think  it  might  be 
well  to  examine  some  particulars  of  the  pro^ 
cess.  The  quantity  of  heat  to  be  withdrawn 
from  the  apparatua,  for  each  stroke  of  the 
piston,  is^  (050 — 0),  This, obviously  enough, 
is  the  same  quantity  which  is  carried  off  by 
the  eold  watt^r,  which  circulates  around  the 
exteriors  of  the  tubes  of  the  English  sur- 
face condensers,  aod^  finally,  is  also  the 
same  as  that  which  should  bo  removed  from 
the  condensing  water  by  the  refrigeration. 
In  the  condensers  the  transmission  of  beat 
t(vkes  place  by  virtue  of  the  difference  of 
temperature     expressed     by 

Q_ Q 

{a — i),and  a  —  ,  which  is  greater  than  6» 

In  the  refrigerator  this  transmission  takes 
place  by  virtue  of  (6 — h).  This  is  a  disad- 
vantage, as  it  reduces  the  rapidity  of  the 
cooUng;  but  it  will  he  largely  compensated 
by  the  absence  of  air  in  the  tuhes,  by  the 
regularity  of  the  process,  and  by  the  dimi- 
nution of  scale.  Iq  brief,  the  ratio  of  one 
sq.  meter  per  horse  power,  adopted  in  Eng- 
land for  surface  condensers,  will  bo  more 
than  sufEeient  for  the  refrigerator.  Were  it 
otherwise  it  would  be  easy  to  iucrea*o  this 
surface  until  the  desired  effect  be  ohtained. 
With  respect  to  leakage  in  the  joints,  which 
has  been  discussed  with  reference  to  tlie 
surface  condenser,  we  should  find  the  same 
difficulty  recurring  in  the  refrigerator,  hut 
only  in  an  immaterial  degree ;  since,  on  the 
one  hand,  the  pipes  of  the  refrigerator  would 
be  suhjected  to  much  smaller  changes  of 
temperature,  and  on  the  other,  there  would 
be  no  difference  between  the  interior  and 
exterior  pressures.  Again,  the  intromission 
of  gas,  which  is  a  serious  matter  in  the  sur-^ 
face  condenser,  is  of  no  particular  conse- 
quence in  the  refrigerator. 

The  presence  of  a  small  quantity  of  sea 
water  in  the  feed  water,  far  from  being  an 
evil,  will  be  beneficial.  It  would  eause  a 
slight  incrustation,  which  would  protect  the 
plates  against  oxydation  and  the  deposit  of 
grease.  This  would  add  to  the  conductibility 
of  the  metal,  provided  the  scale  remain 
within  the  limits  previously  described. 

It  has  been  determined  in  England  that, 

in  CHLMtn^s  having  surface  condensers,  there 

ion  due  to  the  grease  brought  into 

:s   by  the  feed  water.     This  sub* 

nice    aeomnulates   constantly,   producing 

ttirous  cavities  in  the  plates,  thus  short- 

Ihe  life  of  the  boilers  and  exposing 


them  to  the  danger  of  esplwon.    l\ii 
lish  remedy  thia    difficulty  by 
into  the  feed  water  a  sm;iU  qaautiti 
water,  which  gWoa  ri»e  to  a  blight  |« 
incrustation  of  the  tuetaL     To  n^^^ft 
tion  some  people  &dd  auoiberi  \  i 
to  labricate  the  piston  aud  ftUdi^  -^  >- 
extiqtating    the    evil    at    its    ^own^tr^ 
mode  of  procedure  is   uudoubledly  • 
sacrifice.     Still,  it  may*  be  iieotadaafj  li 
face    eondensatioD,  buc   it   Ia  i>o4  m»  b 
monohydric  system — «  eoitstderaUoii 
in  favor  of  the  latter. 

It  might  be   feared   tkal  the 
weight  and  bulk  required  bj  the 
tor  would  be  a  difficulty.      But,  it  WtU 
remembered  that  the  refrigerator  b 
a  surface  condenser  with  a  chaxife 
tion,  and  the  English  hare  fotuid  i 
placing  in  vessels  of  all  bites 
densers  having  more  than  a  giqoara 
surface  per  horse  power.     Their 
for  the  last  four  years  or  more  o^ 
assure  us  on  that  point.     We  may 
paper  with  a  statement  of  the  folloviif 
eral  conclusions  :     There  b  greal  aitft 
in  using  steam  at  high  prestfurvi  in 
engines.     Two  methods    of   tta  a[ 
seem  to  present  themselves :   Isl,  lh§ 
condenser;  *2d,  the  injecting  eon  " 
monohydric   principle.      The  inj 
denser  is,  on  principle,  much  sxi 
surface  condenser;  this  supGrikiriif  u 
ed  hy  the  ratio  of  the  parta  of  ike 
work,  due  to   the  retardation   of 
tion,  in  each  apparatus  resspeclircly, 

/?,  and  «T  being  alwayn  Terj 
pared  with  R^  and  £. 

By  the  injecting  system  it  i« 
reduce  the  resisting  work  of  the 
sure  to  \  of  what  it  i«  in  the  aeiiuJ  >i>F^* 
ing  condenser,  supposing  the  mmi  f 
conditions  ;  conditions  which  in  tli«  j 
condenser  are  ideal,  and  ean  nerer 
lizod  by  reason  of  the   friction  of 
the  tubes,  tiie  presence  of  air  and  < 
tations,  which  are  formed  within  anil  \ 

The  surface  condenstirecHi 
ject  to  perturhatioiis  which 
considerably,  and  even  counter Li^Uutftl 
vantages  of  high  pressure.  The  tojeeti 
denser  will  realixe  thei^o  advaDl 
and  surtdy.     Henee  there  hi  good  i 
abandoning  surface  eoodtonsaUoD  mi  i 
in^  injecting  eondeuBatieii OB  ill«t 
principle. 
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AIR  IN  ILLUMINATKG  GA& 

a  pap^r  in  the  <<  Amerioan  Joarnal  of  Soieno« 
Arty"  <*  On  the  effect  of  Atmospherio  Air  when 
Mixed  with  Om  in  redncing  ita  illumioating  pow- 
•r,"  bj  B.  SiLLiMAK  and  Hbmrt  Wurts. 

The  data  given  in  this  article  were  ob- 
..teined  during  an  investigation  of  the  Hydro- 
jMrbon  G«8  Process  by  the   **  Gtvynne-Har- 
;  fit,**  or  *^  American  System,^^  some  notice  of 
Uie  results  of  which  we  propose  to  publish 
in  a  future  number  of  this  Journal.     In  the 
eoarae  of  this  investigation  it  became  im- 
portant to  measure  exactly  the  effect  of  at- 
.Biospheric  air  in  reducing  the  illuminating 

Cwer  of  gas.  Owing  to  a  mechanical  de- 
Bt  in  the  apparatus  connected  with  the  ex- 
baoatery  it  was  found  that  a  variable  quan- 
tity of  air  had  for  some  time  found  its  way 
into  the  gas  holder,  the  influence  of  which, 
in  diminishing  the  brilliancy  of  combustion, 
waa  sufficiently  conspicuous  before  the  cause 
vas  ascertained.  The  only  experiments  on 
thifl  subject  known  to  us  when  its  study  was 
nndertaken  by  us,  were  those  of  Messrs. 
Audouin  and  B^rard*  (also  quoted  in  the 
American  Meter  Go's.  Pocket  Almanac). 
By  these  results  the  ratio  of  loss  in  illumi- 
nating power  by  the  addition  of  each  one 
per  cent  of  air  appeared  to  us  so  enormous, 
that  we  were  desirous  of  confirming  them. 
Subsequently  we  became  acquainted  with  an 
important  paper  on  this  subject  by  Mr.  Carl 
8ohultz,t  the  main  points  of  which  are  re- 
produced in  this  article ;  as  they  appear  to 


•  Ann.  de  Gh.  et  Phys.,  3d  leries,  toI.  Izt,  p.  423, 
1863. 
f  American  Oaf  light  Journaly  Aug,  1,  1800,  p.  41. 


have  escaped  attention,  the  author  having 
modestly  given  us  only  his  initials,  and  the 
journal  in  which  they  appeared  being  almost 
inaccessible  to  scientific  readers. 

In  conducting  this  research  we  soon  found 
that  the  attempt  to  introduce,  by  measure, 
a  given  volume  of  air  into  the  gas  holders 
connected  with  the  photometric  apparatus, 
was  attended  with  many  sources  of  error, 
and  that  the  requisite  accuracy  could  be  ob- 
tained only  by  the  eudiometrical  analysis  of 
each  successive  mixture."*  The  apparatus 
employed  consisted  of  two  gas  holders  of  ten 
cubic  feet  capacity  each,  connected  in  such 
a  manner  that  each  could  be  used  indepen- 
dently, or  the  contents  of  one  transferred  to 
the  other  and  back  again  to  secure  a  com- 
plete admixture  of  the  contents.  The  air 
was  introduced  by  opening  a  stop-cock  con- 
nected with  the  interior,  and  adding  weights 
to  the  counterpoise,  measuring  the  influx  by 
a  centissimal  scale  of  equal  parts  attached 
to  the  drum  of  each  holder.  This  rude  ad- 
measurement was  controlled  by  an  analysis 
of  each  mixture.  This  required  also  the 
prior  analysis  of  the  street  gas  on  each  oc- 
casion, columns  3,  4  and  5,  of  the  accom- 
panying Table  I,  show  the  results  of  these 
mixtures  as  made  known  by  the  eudiometer. 
The  illuminating  power  of  each  sample  was 
determined  by  the  Bunsen  photometer  on 


*  Oar  lahori  in  this  research  have  heen  greatly 
aided  by  the  facilities  oonrteously  extended  to  as  by 
the  officers  of  the  Manhattan  Qas-  Light  Company,  in 
New  York,  who  with  great  liberality  placed  at  oar 
disposal  their  well  appointed  experimental  labora- 
tory and  apparatus  at  their  Eighteenth  St.  Station. 
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the  average  of  fifteen  successive  observa- 
tions of  one  minute  each,  with  the  usual 
corrections.  Columns  6  and  7  give  these 
resnUa,  and  in  polumns  1  and  2  will  be 
found  the  corresponding  densities  deter- 
mined by  diffusion. 

SincQ  the  air  added  in  each  -case  is  ren- 
dered as  gas  by  the  meter  during  the  pho- 
tometric measurement,  it  is  important  to 
determine  the  illuminating  power  of  the  gas 
nloae  after  deducting  the  known  volume  of 
nir  present.  The  results  of  these  calcula- 
tions are  given  in  column  8.  In  columns  9 
and  10,  the  loss  of  illuminating  power  is 
given ;  in  8,  in  terms  of  the  candle  power 
lost  for  each  admixture,  and  in  9,  this  loss  is 
Btated  as  a  percentage.  The  ratio  of  loss  of 
illnminating  power  in  percentage  volumes  of 
gas  and  air  is  given  in  column  11,  and  in 
column  12  is  the  loss  of  power  correspond- 
ing to  each  one  per  cent  of  air  added. 

The  results  of  the  analyses  and  photome- 
tric measurements  are  more  conspicuously 
seen  in  the  curve  projected  from  columns  5 
and  10  of  the  table  upon  the  annexed  dia- 
gram,  on  which  the  vertical  and  horizontal 
aealea  are  as  1 :  3. 

The  following  inferences  depend  upon  the 
data  herein  given,  viz : 

lat.  For  any  quantity  of  air,  less  than  5 
per  cent,  mixed  with  gas,  the  loss  in  candle 
power  due  to  the  addition  of  each  1  per 
coot  is  a  little  over  j^jyths  of  a  candle  (.611 
exactly);  above  that  quantity  the  ratio  of 
loss  falls  to  ^  a  candle  power  for  each  addi- 
lional  1  per  cent  up  to  about  12  per  cent  of 
air  ;  above  which,  up  to  25  per  cent,  the  loss 
in  illaminating  power  is  as  shown  by  column 
12  of  the  table,  nearly  i^^ths  of  a  ciinJle  for 
each  1  per  cent  of  air  added  to  the  gas.  In 
column  11  of  Table  I,  the  ratio  of  loss  in 
candle  power  is  given  in  percentages  for  the 
several  volumes,  while  in  column  10  the  do- 
istrtielive  effect  of  air  upon  the  illuminating 
power  of  gas  is  most  conspicuously  exhibit- 
eij,  12  per  cent  of  air  destroying  over  40  per 
cent  of  the  illuminating  power.  In  the  dia- 
gram this  loss  of  power  is  represented  by 
the  numerals  in  the  right  hand  column, 
which  are  inverse  to  those  in  column  10, 
and  stand  with  the  maximum  intensity  = 
100, 

2d.  With  less  than  \  of  atmospheric  air, 
toot  quite  15  per  cent  of  the  total  illumina- 
ting power  remains;  and  with  between  30 
\wv  eent  and  40  per  cent  air,  it  totally  dis- 

during  December  and  January  the 
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yHt  ratio  of  loss  than  we  have  obtained,  being 
'  tmtker  more  than  six  per  cent  loss  for  each 
«Be  per  cent  of  air  added  to  the  gas,  reach- 
faig  a  total  loss  of  80  per  cent  with  15  per 
eent  of  air  added ;  while  we  obtain  57.53 
f«r  cent  loss  with  16  per  cent ;  and  93  per 
mu%  loss  with  20  per  cent  air,  while  with 
the  latter  volume  of  air  added,  we  get  72.- 
90  per  cent  loss.  These  differences  may  be 
■eoonnted  for  by  the  French  trials  being 
smde  upon  a  gas  of  not  more  than  12  can- 
dles' power,  our  trials  being  made  on  a  gas 
averaging  nearly  15  candles.  Also,  by  the 
CMi  that  in  the  French  experiments  the  gas 
was  burned  from  a  batswing  burner,  ours 
from  a  standard  Argaud. 

In  the  experiments  of  Messrs.  Audouin 
and  B^ard,  two  gas  holders  of  equal  capa- 
eitj  were  filled,  one  with  standard  gas,  and 
the  other  with  the  same  gas  mixed  with  1, 
2*  3,  etc.,  per  cent  of  air.  £ach  fed  a 
bomer  of  the  second  class,  regulated  to  a 
eonsaroption  of  140  liters  of  gas  per  hour. 
The  illuminating  power  of  the  two  were 
eompared  by  making  that  of  the  pure  gas 
eqoal  unity.  The  results  are  given  in  the 
following  table,  where  each  figure  giyes  the 
mean  of  6  or  8  concordant  observations. 

TABLE   II. 

Showing  the  retults  of  inixture  of  air  with  gat,  by 
Mettrs.  jJudouin  and  Bfrard. 
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By  this  table  it  appears  that  the  introduc- 
tion of  6  to  7  per  100  of  air,  suffices  to 
diminish  the  intensity  by  one  half,  and  a 
mixture  of  20  of  air  with  80  of  gas  leaves 
almost  no  illumination.  Unfortunately 
Messrs.  A.  and  B.  do  not  record  the  actual 
illaminating  power  of  their  standard  gas. 


which,  however,  we  are  led  to  believe  can- 
not be  more  than  12  candles  of  the  English 
and  American  standard. 

We  have  already  alluded  to  the  experi- 
ments of  Mr.  Carl  Schultz,  and  annex  be- 
low a  summary  of  his  results. 

Mr.  Schultz  concludes  from  his  experi- 
ments, that  the  loss  of  illuminating  power 
due  to  the  addition  of  air  to  gas,  is  about 
one-half  of  one  candle  for  each  one  per 
cent  of  air  added.  He  makes  the  very 
remarkable  observation,  that,  within  limits^ 
the  addition  of  air  to  very  rich  oannel  gas, 
up  to  12  per  cent  of  air,  was  followed  by  no 
loss  of  illuminating  power,  but,  on  the  con- 
trary, by  a  small  gain.  Thus,  boghead 
cannel  gas,  giving  for  88  per  cent  gas  an 
illuminating  power  of  27.47  candles,  or  for 
100  per  cent  gas  31.32  candles,  with  12  per 
cent  of  air,  gave  28.29  candles,  showing 
that  12  per  cent  of  atmospheric  air  had  in- 
creased the  illuminating  power  of  the  flame 
by  .82  candles.  These  results  are  obtained 
only  by  the  use  of  an  Argand  burner.  By 
substituting  an  intensity  burner  for  the  Ar* 
gand,  the  results  obtained  with  gas  from, 
boghead  conform  to  the  rule  of  half  a  can- 
dle loss  for  each  one  per  cent  of  air.  (Rev.. 
Mr.  Bowditch  also  states  generally,  that 
**  impurities  are  far  less  destructive  of  light 
in  Argand  burners.") 

Mr.  Schultz  sums  up  his  results  in  the* 
following  propositions : 

Ist.  When  coal  gas  is  mixed  with  atmos- 
pheric air,  its  illuminating  power  for  all  5- 
ft.  burners  is  reduced  in  the  proportion  of 
half  a  standard  candle  to  every  1  per  cent 
of  air  present,  except  in  case  of  very  rich 
gas  burned  with  a  15  hole  Argand. 

2d.  One  cubic  foot  of  atmospheric  air 
will  destroy  an  amount  of  light  equal  to  10 
English  standard  candles,  during  one  hour. 

3d.  This  loss  being  constant,  tne  percent- 
age of  aggregate  loss  will  vary  with  the  illu- 
minating power  of  the  gas  used. 

While  our  results  confirm  in  general  those 
of  Mr.    Schultz,   in   18G0,   and  of  Messrs. 
Audouin  and  B^rard,  in  1862 ;  it  is  obvious 
that  the  ratio  of  loss,  with  equal  increments 
of  air  added  to  a  15-candle  gas,  is  by  no- 
means  constant.     The  difiicnlty  of  4)btain- 
ing  exact  results,  by  the  method  of  mixture . 
of   measured   volumes    is   so   considerable,, 
especially  with  quantities  below  10  per  ct., 
that  the  only  safe  control  of  the  results  is  • 
that   which   is   obtained   by   eudiomctrical. 
analysis  of  the  several  mixtures  tested,  as . 
was  done  by  us  in  all  cases  both  before  and* 


MECHAMCAL   VEMUATV^ 
MINES. 

B7  Mr.  W  11.1.1  AH  CoLVBi^ri. 

AbttrftDt  or    m   pftp«r    rvftJ    Wfurv   %hm 
of  Me«haiiinl  Eftfi*»«n  »!  S« 

It  inuBt  he  admitUd  ibml  Ife  iW  (niM 
vance  which  has  he^n   iEift4e  in  tkiT    " 


after  the  addition  of  air.     It  is  obvions  that !  XHE 
the  surprising  luas  of  intensity  by  the  addi-  j 
lion  to  illuminating  gas  of  small  ptircentiiges  j 
of  air  must  be  owing  not  merely  to  the  in- 
terior  combustion    due    to  the  presence  of 
oxygen,    but   still   more,  probably »  to    the 
associated  nitrogen,  which  acts  not  only  as  a 

diluent,  or  deductive  quantity,  but  its  spe-  «,^^^  ^f  j^ii^ing  enlerpridc,  md 
citic  heat  is  an  actual  divhory  function  in  !  ii,^  future  rci|uiremetii«  of  imr 
diminishing  the  flame  temperature.  The  g^ijg^  ^^i^.^^u^j^  Ycntilmitoo  is  wi«  i 
interes^ting  observation,  firat  made  by  Mr.  j  ituportance  to  any  of  the  problcw  rticfc  Ai 
Schultx,  that  in  very  rich  cannel  gas  there  is  |  „jiniog  engineer  has  to  etilre.  Tht  oHifll 
actually  an  increase  of  intensity  within  ccr-  reeords  of  mining  make  its  a^^Wtattd  vilk 
tain  iimits  due  to  the  presence  of  oxygen,  I  ^^^^  readiest  moae  ijf  Tcniilatttm,  m  «n- 

Bion  beyond  the  n^tttral  e«mdtli«ftit  Wiif 
adopted;  and  no  loog  as  mines  vert  mtf 
worked  to  a  very  limited  extealbj  Imbtf 
'*  adits/'  and  if  by  &b«fU^  of  %ery  «Hdl 
depth,  the  natural  sysletn  wnm  fnmtd  taift- 
swtr  all  rcfiuiremerius  ;  ^r  vat  till 

variations,  the  d  ^jr  cvriftl 

of  air  was  depen  ig»  ttaft- 

rature  of  the    mine   being  aboTv  0r  htm 

that  of  the  external  jtinu.^iil  ►ri* 

coo!*tautly  varying  an 

out  the  year»  and  iht  .vi.r,Tr   ul-. 

anv  certttinty  of  action  lit  tbe 


fiuggestB  another  scries  of  experiments  with 
fiuecesjjive  additions  of  oxygen  to  a  gas  uf 
high  illuminating  power,  which  we  propose 
to  undertake  at  our  early  convenience,  as 
also  another  series  upon  mixtures  of  pro- 
gressive quantities  of  carhonic  acid. 

KoTK.— JJfdmann'*  Photometer   («*  Ca^prv/fr")  ,  disadvantage  ^^  tbnt.    t^ 
d^pend»  ott  the  u»e  of  nit  to  deatroy  ibe  tU»miQuitDg 


paiver  of  gim*  Klitlor  b&s  etaploji^d  IhU  initruiuoDt 
Id  li  Msriei  of  rei^^urcbu^,  utideriaktfn  to  deterintnc 
Ihe  tlieort'ticftl  illumvDating  pMwer  of  different  rante- 
ri*!*  (**  Journal  fiijrLi»«b*?l«ut3btutigt'^  Muniob,  lti*$2, 
p.  3^,  tt  ietj,)  Aftor  reoiovin^  tbc  illuminanU  by 
iiilphtiric  iictdt  be  fouud  tbitt  urdinnrj  itlutaiixnting 
Qdnl-gns  requind  150  voIiiihg^  af  air  to  dedroy  wm- 
ptelely    ibe  Jrcllow  flHmc  of  lOU   ndnueii  of  gftl.      If 

per  c^ut  of  olefinSt  g»i  to  ibe  dc'curburiteJ  g**  em- 1  quantity  ot  air  whieh  cao  be 

jdoyed  in  a  dc;fiijit«  burner,  U  cAlkd  one  cundlt^  il  |  latiog  the  mine^«       This  $ys 

WM  found  nece,-iarj  to  add  f>.5  per  cent  ••f  iitr  l«  de-  I  ^^  Klines  of  limited  exti'tlt,  and 

itroj   the  illutninnting  power  of  thiv  giti  cooUmtng  I 

oa(}  per  cent  of  ole5»nt  gAe,  or  to  destru/  one  candle  1 

povror*     As   a  liki)  quantity  of  ciirboa,  earned  to  a! 

itrhito  hc»t,  produeee  alvfayi*,   in  a  gat  burning  from  , 

ibe  fiiine  burnor,  the  s&ia^  quantity  of  light,   and  it  ' 

requires  the  lame  qiinntUy  of  air  tu  trtinsform  it  ibto  ' 

carbonic  acid,  wc  may  regard  an  urainary  I2'cand1e 


fa^  as  a  mix  111  re  of  an  uukttown  nou-Uimiuoug  gatf, 
olding  in  jsu^pentiion  during  combustion  a  qnaatity 
of  white-hot  fjArbonr  equivalent  to  12  per  cent  of  ol«- 
liaol  ^*t»>  and  requiring,  fun^cqneully,  a  qnaatity  of 
air  equal  to  210  volumeet  for  lt)U  vi  lumetf  of  g%s  (88 
Xl*i'4-12Xt**'3=2U))*  Each  ad'ltiional  eundlts  power 
requires  an  addition  uf  b  v'oltimeB  of  air^  its  th«  con- 
ftaat  indicated  by  tLese  renulta  of  HUter.     [Tram- 

Uittdfrom  schiflins  French  Editum  of  m^  ]  |  ij,,pted  System  af  mine  rentilalioi 

Inthou.eof  tbo    Lrdmanu  Hpfiaratui«t  it  \&  found  ;  r  J        ^       .1     .      *   ..       ^  . 


the  nature  of  the  miiie*  very  ^^ 
anoes  are  offered  to  the  cnrr< 
lating.     In  8onio  on-^^*,  und.  1 
tiuns,  as  in  the   ^  iiire  **lf 

mine!«,  the  deteri  i   of   the 

particular  course  \i^  utteo  ensured 
a  fire  lamp  in  the  upcast  ^haft.     f: 
trivance,  however,  can  only   proditM  a 
small  effect,  and  is  therefore  of  Itmi 
plieation*     On  a  larger  scule.  howeti 
principle   has    formed    the    noubl 


Ihftt  the  volume  of  jilr  reqviied  «i>n>pleri'ly  to  destroy    COUUiry,  mtmely,  that  of   tlie  fariiac^ 
the  liluminaiing  power  of  GoaUgas  ran};c£  from  18;^  to  !  paper   then   de.^erihed  the  sjateiD  noW  VM 

generally  in  use^anu  went  cin — ^Murh  4u«a^ 
sion  has  arisen  as  to  the  Sf^'t  »*T*fetn  o^  fto* 
naces  and  the  most  t"  Itidht^ 

ing  then*  with  ain      J  i^  wtt*  tfc* 

re.Huhs  of  guiiie  recent  uxpt?rtment<  thai  ki4 
been  made  at  different  coUieriP*  ro  iht  •crtk* 
era  coal  fields  under  Tarious  cnodtii«fti  •■' 
depths  of  shafts,  extent  of  workto|9  aad 
thickness  of  the  scauw  of  coal,  and  iwfi*  w* 
duced  for  the  piirp<.ise  of  et^n '-"'"'  *r-%\^^ 
duty  that  one  pound  of  enal  c^  '     ■ 

ray,  at  Wu&t  Albany,     Wo  will  try  to  j  ed  per  horse  p<»wcr  on  the  air  i  inmaic^  ui 
m  readers  the  result  in  our  next  issue.  1  the  mine,  the  prossuro  being  tfidicalcJ  Ij  * 


2i^  Tt>lnroes  per  il>0  volumee  ol  ^m,  varyiug  vritb  iOi 
riobutfiii. 

Tiifiio  rcfult«,  it  will  bo  observed,  b^rmonise  in  a 
tatisfaciory  iuuuDer  witb  those  obtaiuc^d  bj  os^  &■  em- 
bodied in  Table  1. 

%^i'Ty  ehcwist  will  at  «nee  recur,  also,  to  tlie  ac- 
liouof  air  npfin  ga*  in  tbe  Itunscn  burner,  in  conitant 
1310  in  all  Ittbomtoritin  provtdtid  witb  gas — an  initru' 
tnent  identiual  in  principle  witb  tbo  Qa»pry^€r  of 
Ibrdutann. 

Ctket.  Batls. — Certain  testa  of  the  due- 

tiiily  of  frtt^el  rails  are  nhout  to  he  insti- 
A  at  the  wnrks  of  the  New  York  Central 
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^wmter  gauge  placed  in  the  mine,  and  there- 
fore representing  only  the  work  done  in 
f>Tercouiing  the  friction  down  to  the  mine, 
ind  exclusive  of  the  work  required  to  over- 
come the  friction  resistance  of  the  two  shafts. 
-  The  general  result  of  the  experiments  was 
.  that  that  duty  varied  from  37  lbs.  to  101  lbs. 
of  coal  per  horse  power  on  the  air  taken  up- 
on currents  of  air  ranging  from  40,000  to 
120,000  cubic  feet  per  minute.  Depth  of 
■hafi,  it  is  said,  is  the  most  important  con- 
sideration for  the  efficient  application  of  a 
furnace.  There  are  other  conditions,  how- 
ever, which  it  is  necessary  to  secure,  name- 
ly: that  the  shaft  be  dry,  and  that  it  be 
Imed  with  a  good  heat-retaining  material.  It 
is  considered  a  fair  estimate  of  the  economic 
▼alae  of  the  average  conditions  in  which  fur- 
naces are  worked  that  only  five  degrees  of 
the  heat  due  to  the  combustion  of  the  coal 
are  utilized.  There  are  many  objections, 
hesides  the  small  useful  effects  in  the  use  of 
the  furnace,  which  cannot  be  overcome,  and 
which  form  a  constant  source  of  cost  attcnd- 
mt  upon  it,  namely :  the  necessity  of  clean- 
ing the  flues  and  the  consequent  suspension 
of  the  active  ventilation  of  the  mine ;  the 
inconvenience,  and  in  some  cases  the  impos- 
Bibility,  of  using  a  shaft  highly  heated  and 
often  full  of  smoke,  for  any  other  purpose 
than  as  a  ventilating  shaft,  and  the  serious 
damage  done  to  cast-iron  tubing,  timber, 
pumps  or  wire  ropes,  where  winding  is  car- 
ried on  in  the  up-cast  shaft  by  the  products 
of  combustion,  especially  where  the  shaft  is 
damp.  If  the  conditions  are  unfavorable  for 
the  use  of  a  furnace — such  as  shallow  shafts 
and  heavy  resistances  to  be  overcome — the 
furnace  is  then  quite  unable  to  compete  with 
a  good  mechanical  ventilation  for  economical 
effect.  The  limit  of  the  furnace  as  a  venti- 
lating power  is  soon  reached  where  the  re- 
BiBtances  offered  by  a  mine  are  heavy ;  and 
this  objection  materially  led  to  the  adoption 
of  other  means  to  meet  the  conditions  under 
which  the  furnace  would  fail  to  afford  a  suffi- 
cient ventilation.  Machines  for  blowing  fresh 
air  into  or  exhausing  the  foul  air  from  mines 
were  adopted  in  the  very  earliest  times,  es- 
pecially abroad,  where  the  conditions  of  the 
seams  are  such  as  required  more  efficient 
means  than  the  furnaces  supplied.  Hence  it 
is  that  mechanical  ventilators  are  very  nu- 
merous abroad,  while  in  this  country,  until 
rery  recently,  they  were  quite  exceptional. 
In  a  table  compiled  by  Mr.  J.  J.  Atkinson, 
Oovemment  Inspector  for  the  Durham  coal 
told,  has  been  shown  the  depth  at  which  fur- 


naces are  estimated  to  be  equal  to  ventilat- 
ing machines  in  point  of  economy  of  fuel, 
assuming  that  the  sources  of  loss  are  of  the 
same  extent  in  each  case ;  that  is,  the  loss 
of  fuel  in  furnaces  by  cooling  in  the  upcast, 
and  in  ventilating  machines  the  power  ex- 
pended in  overcoming  the  useless  resistan- 
ces, and  that  the  ventilating  machines  util- 
ized 60  per  cent  of  the  engine  power.  The 
general  result  is  that  the  minimum  depth  at 
which  the  economy  by  the  two  plans  is  equal 
is  960  yards,  with  an  average  upcast  tempe- 
rature of  100^  Fahr.,  and  a  depth  of  1,130 
yards  with  200°  Fahr.  temperature,  esti- 
mating a  consumption  of  8  lbs.  of  coal  per 
hour  per  indicated  horse  power  of  the  en- 
gine. A  recent  calculation  by  M.  Guibal, 
of  Mens,  deduces  the  following  comparisons : 
that  if  a  furnace  in  a  12  ft.  shaft,  400  yards 
deep,  circulate  53,000  cubic  feet  of  air  per 
minute  under  the  total  resistances  represent- 
ed by  3^  in.  water  gauge,  and  an  average 
excess  of  upcast  temperature  of  108°  above 
the  downcast,  with  a  duty  of  31  lbs.  of  coal 
per  horse  power  in  air  estimated  upon  the 
total  resistances — a  mechanical  ventilator 
utilizing  60  per  cent  of  the  power  employed 
would,  under  the  same  conditions,  have  a 
duty  of  11  lbs,  of  coal  per  horse  power  in 
the  air,  being  a  saving  of  64  per  cent.  At  a 
depth  of  550  yards  to  circulate  the  same 
volume,  the  duty  of  the  furnace  being  22 
lbs.  of  coal,  that  of  the  mechanical  ventilator 
would  be  11  lbs.,  being  a  saving  of  50  per 
cent.  The  paper  then  classified  the  mechan- 
ical ventilators  which  had  been  used  under 
two  heads — first,  those  working  by  centrifu- 
gal action ;  and,  second,  those  working  as 
pumps.  Of  those  of  the  first  class,  one  had 
been  described  at  the  last  meeting — the 
Guibal  ventilator,  at  Crudley  Colliery,  Staf- 
fordshire. The  largest  example,  it  went  on, 
of  that  class  erected  in  this  country  will  be 
seen  at  the  Thrislington  Colliery.  It  is  36 
ft.  diameter  and  12  ft.  in  breadth,  driven  by 
a  horizontal  cylinder  30  in.  diameter  and  30 
in.  stroke.  This  ventilator  has  only  been 
recently  erected,  and  is  not  yet  ventilating 
any  large  extent  of  working,  but  some  ex- 
periments have  been  made  with  it,  from 
which  the  following  results  have  been  ob- 
tained. The  regulating  shutter  was  not 
properly  adjusted  so  as  to  give  the  best  re- 
sults of  working,  and  the  drift  to  the  upcast 
shaft  was  too  small  for  accurately  increasing 
the  current  of  air,  amounting  to  80,000 
cubic  feet  per  minute.  With  54  revolutions 
per  minute  a  water  gauge  of  2^  in.  was 
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in  its  accurate  adjustment,  were  con- 
:ivelj  added.  Generally,  as  to  the 
rs  supplied  from  the  steam  boilers  for 
ing  these  ventilators,  60  per  cent  was 
1  to  be  utilized ;  but  it  must  be  noted 
this  amounted  to  at  least  80  per  cent 
be  power  actually  transmitted  to  the 
ilator,  as  one-fourth  of  the  boiler  power 
be  allowed  for  the  loss  due  to  the  fric- 
and  imperfection  of  the  steam  engine, 
of  the  ventilators  (of  which  several  ex- 
es were  now  in  use  in  this  country  of  36 
iameter)  had  been  recently  started  in 
ium  of  40  ft.  diameter,  but  detailed  ex- 
ucnts  had  not  yet  been  made  upon  it. 
as  arranged  to  work  at  the  speed  of  80 
.utions  per  minute,  producing  a  ventila- 
of  150,000  to  200,000  cubic  feet  of  air 
ninute,  under  a  depression  of  the  water 
e  of  about  7  in.,  which  was  certainly 
maximum  requirements  of  any  known 
ition  of  mines.  Indeed  there  could  be 
iiestion  that  any  practical  requirement 
e  ventilation  of  mines  could  be  satisfied 
lis  system,  and  it  could  not  be  surpassed 
mplicity  of  construction,  small  liability 
cident,  and  the  little  wear  and  tear  to 
b  its  working  parts  were  subject.  The 
r  next  pointed  out  the  peculiarities  in 
xuibal  ventilator — as  to  the  concentric 
of  the  casing  and  as  to  the  curving  of 
anes — and  it  then  dealt  with  the  second 
of  mechanical  ventilators — that  in  which 
principle  of  variable  capacities,  as  in  the 
>,  was  involved.  Struve's  air-pump  ven- 
)r  was  the  best  known  of  the  class,  and 
Lsted  of  two  gasometer-formed  pistons 
ing  in  rings  of  water,  alternate  upward 
downward  strokes  drawing  air  from  the 
,  and  forcing  it  into  the  atmosphere  by 
IS  of  suitably  arranged  valves.  The 
ve  was,  when  well  constructed  and  in  good 
r,  capable  of  producing  a  very  satisfac- 
exhaustion,  but  for  certain  reasons  it 
lot  offer  the  advantages  for  mine  venti- 
Q  which  the  centrifugal  action  fan  did. 
useful  effect  was  from  40  to  45  per  cent 
le  boiler  power,  when  all  the  working 
»,  and  especially  the  air  valves,  were  in 
condition.  In  conclusion  (to  quote  the 
8  of  the  paper)  the  economy  of  fuel,  if 
ict«d  hitherto,  has  now  become  of  para- 
it  importance.  To  increase  the  amount 
r  in  any  given  time,  the  mine  requires 
onsumption  of  an  increased  quantity  of 
proportionate  to  the  cubes  of  the  vol- 
;  thus,  for  twice  the  volume  eight 
I  the  fuel.     Hence  the  best  system  of 


ventilation  is  that  which,  under  the  same 
conditions  of  mine  and  the  same  amount  of 
first  outlay,  produces  the  maximum  work  for 
one  pound  of  coal  consumed,  so  long  as  such 
ventilation  compares  satisfactorily  with  any 
other  in  the  points  of  durability  and  cost  of 
working,  and  possesses  the  quality  of  adapt- 
ability to  all  the  varying  conditions  which 
are  met  with  in  mining  operations. 


TESTS  OP  Steel  Rails.— Messrs.  John 
A.  Griswold  &  Co.'s  circular  thus  de- 
scribes their  method  of  testing  steel  rails : 

''1st.  A  test  ingot  from  each  fivo-ton 
ladleful  of  liquid  steel  is  hammered  into  a 
bar,  and  tested  for  malleability  and  hard- 
ness, and  especially  for  toughness^  by  bend- 
ing it  double  cold.  In  case  any  test  bar 
falls  below  the  standard  established  as  suit- 
able for  rails,  all  the  ingots  cast  from  that 
ladleful  of  steel  are  laid  aside  for  other  uses. 

*'  2d.  All  the  ingots,  and  each  rail  rolled 
from  them,  are  stamped  with  the  number  of 
the  charge  or  ladleful.  A  piece  is  cut  from 
one  rail  in  each  charge,  and  tested  by  placing 
it  on  iron  supports  a  foot  apart,  and  dropping 
a  weight  of  five  tons  upon  the  middle  of  it, 
from  a  height  proportioned  to  the  pattern  of 
rail.  A  blow  equivalent  to  a  ton  weight 
falling  10  to  15  ft.  is  considered  a  severe 
test.  We  use  a  five-ton  weight  falling  from 
a  less  height,  believing  that  it  more  nearly 
represents  in  kind  (although  it  of  course 
exaggerates  in  severity)  the  test  of  actual 
service  in  the  track. 

**  In  case  a  (est  rail  does  not  stand  the 
blow  deemed  proper  and  agreed  upon,  the 
whole  of  the  rails  made  from  that  charge  or 
ladleful  of  steel  are  marked  No.  2,  and  sold 
for  use  in  sidings,  where  their  possible 
breaking  would  do  no  great  harm,  and  where 
their  greater  hardness  and  resistance  to  wear 
would  be  specially  valuable. 

''In  addition  to  this  double  test,  the  rails 
are  rigidly  inspected  for  surface  imperfec- 
tions. 

**  We  believe  that  these  tests  render  it 
practically  impossible  for  us  to  send  out  rails 
of  inferior  quality. 

"  We  farther  invite  railway  companies  to 
send  inspectors  to  our  works  to  witness  the 
tests  mentioned,  and  other  tests  and  inspec- 
tions agreed  upon.'' 

THE  Ellershausen  Prooess. — We  give 
elsewhere  some  interesting  details.  In  a 
future  nuriiber  we  shall  describe  a  modification 
which  will  prove  of  still  greater  interest. 
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BOILER  EXPL0SIO.\'a 

From  •  pAp«r  SB  **  O^wnmeal  «etioii  with  regaH 

to    I^otirr    EtrUdloiu.      A   flt»icaenl  of    vsrioBi 

i'>o  bj  Mr.    Latxhctox    S. 

i:  L  c  T  (  u  ».  ri ,  ^.  <  t,  ♦ 

It  b  Dot  tn  lecord&oce  with  the  roles  of 
the  Brltbh  Aseociatioii  far  Reparts  pr&KSkU 
ed  hj  Coiamitteefl  appainted  to  iiive«tigAte 
and  ref»ort  oo  eertjuii  ffabject«,  to  he  di^ 
cussed  in  the  meeting?  of  the  Sections. 
There  are  elreiiixistanee«,  howerer,  at  the 
present  time,  that  render  it  especiallj  im- 
portant that  the  opinion  of  the  members  of  the 
Hritt&h  Association  should  be  fnllj  expressed 
on  man  J  of  the  r|  nest  ions  touched  on  in  the 
report  jost  read  relative  to  Coroners*  Inquests 
and  Steam  Bailer  £jcplo8ioDs.  The  Home 
Secretary  stated  in  hii$  place  in  the  House  of 
Commons  rerj  recently  that  he  would  do  his 
utmost,  in  the  reeeas,  to  prepare  a  measure 
for  the  suppression  of  steam  boUer  explo- 
sions, so  that  it  is  of  great  importaoce  that 
iuggestions  from  all  fiartie^  Bhoald  be  invi* 
ted  on  this  subject,  and  that  the  Tanoos 
plans  proposed  should  be  fully  considered* 
ho  that  the  whole  <|ueiftioo  may  be  well 
sifted.  Under  these  circumstances  I  have, 
under  the  advice  of  one  of  the  Secretaries  of 
the  British  Assoeiation,  prepared  a  brief  sec- 
ondary paper^  on  which  it  will  be  in  order 
to  raise  a  discussion.  Alter  the  Report 
alrea Jy  presented  to  the  Association,  rela- 
tive to  Coroners*  Inquests  and  Boiler  Ex- 
plosions by  the  Committee  appointed  to  un- 
dertake that  duty,  I  need  do  nothing  more 
in  this  paper  than  name  the,  points  on  which 
it  is  desired  to  obtain  the  views  of  the  mem- 
bers of  the  Mechanical  Section  of  the  Brit- 
ish Association. 

The  constant  recurrence  of  boiler  ezplo- 
Bions,  and  the  number  of  lives  annually 
sacrificed  therefrom,  has  aroused  public  at* 
tention  to  this  subject.  The  public  begin 
to  suspect  that  these  disasters  are  not  so  acci- 
dental as  it  has  for  a  number  of  years  been 
attempted  to  make  out,  but  that  they  might, 
after  all,  be  prevented.  The  system  of  pe- 
riodical boiler  inspection  haa  proved  itaelf 
sufficient  to  accomplish  this  task,  and  there- 
fore the  public  naturally  ask — ^why  do  not 
all  steam  users  have  their  boilers  inspected, 
and  if  they  neglect  this  simple  precsiution, 
which  has  now  been  adopted  by  so  many  for 
the  last  fourteen  years,  why  should  not  the 
law  step  in  and  compel  them  to  adopt  it  ? 

This,  therefore,  opens  the  first  question, 
whether  it  is  expedient  or  not  for  the  Gov- 
rcnment  to  interfere  in  the  matter  of  the 


pr«ventioin  of  sSeain  boikr 

if  so,  in  tke  aeeoodl  piaee, 

best  mode  in  wliiek  the 

sboold  be  tdkea*     In  answer  t4>  this 

tnqniry  there  are  »t   lemtA  %knt  pb 

before  the  publkt  of  wbacdi 

may  be  given. 

One  of  tlMse  plaM  k  littt  tW 
abonld  take  Uie  attpaniainp  aC 
in  ihe  eonatiy,  wUk  tbe  cjMtytijn  of  1^ 
motive  and  omnoe^ntid  ihwtmm  tW  vdoB 
of  the  Bonrd  of  Tndn  abaoM  iMaU  i 
boilers,  and  penodiesnllj  ei 
set  In  work,  as  well  na  all 
uae,  the  examittition*  beuig  made  h^h  i 
the  botleri  are  at  rest,  na  veil  m  i 
work  with  steam  op. 

All  Englijsluneii  have 
Govefunent  toteriereiice,  and  «!  lis  i 
doeijcn  into  tUs  ctmntrj  of  lb 
paternal  system,  lenriag  lot  it  a 
per  progrefiB  and  fbtler   nulmd 
Thb  meaaofit  Uiitf^^bra  a  no*  rtitfc,  ii 
the  least  of  it,  is  ralcrmlal#d  to  pivfihtl 
siderable  oppositicin^ 

Another  plan  is,  14} 
pubory,  but  not  thai  t&t  ( 
take  the  task  of  exmaiining  hoSitta  m»  i 
own  hands,  that  is  to  any,  it  is  [ 
no  steam  user  should  b«  allowed  im  \ 
boiler  that  bad  not  be^n 
tUled  as  safe  by  mmtm  local 
ciation  or  insurmnoe  eoufianj.  Only  i 
iaed  by  the  Govemnieiit  aa  i 
task. 

Thb  pJan  has  certainly  lew  of  the  i 
the  continental  pntental 
and  appears  more  adapted  "to  the  i 
this  country,  though  tl  by  : 
to  be  free  from  diificiUty  in 
It  is  important  ibat  thm  ialcgrtty  of  ths  m 
Bficctions  should  bo  {n>?^rv^^i,  and  it  mtj 
be  well  to  suggest  for  c^  oi,  okelhtf 

there  might  not  be  a  u.....^,.,  m 
this  if  the  question  of  deciding  on  i 
of  all  the  boilers  in  tha  ootatry  ^ 
over  to  a  number  of  oompatti^ 
companie^i.  Joint  stock  oompot 
exbt  for  the  sake  cff  dividonila*  and  il  k  < 
ficult  to  see,  if  they  are  to  bt  ftM  hf  itam 
users  for  granting  certifioatoa  lor  lis  atrfy 
of  their  toilers,  bow  tho  iniogrltj  if  ihM* 
certifieater  eoold  be  aoenrod  OMtraia^ 
sure  of  compctitkiti  Idf  bnaisaou  Jwipi^ 
to  be  impartial,  shonld  not  lie  i 
by  those  whoso  enaos  Ibev  have 
eate,  more  espoetnlly  if  tbeir 
pends  on  giving  aatia&ctioo. 
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.Iklt  under  such  a  system,  inspections  might 
f/t9W  lax,  and  that  the  sale  of  certificates 
voald  soon  he  not  unlike  the  sale  of  indul- 
■  gmma  in  days  gone  hy.  It  is  therefore  a 
foint  for  discussion  how  far  it  would  he  wise 
to  commit  the  safety  of  all  the  hoilcrs  in 
the  country  to  the  charge  of  commercial 
ooonpeting  companies  intrusted  with  the 
VMMHopoly  of  the  sale  of  holler  certificates. 
Powibly  there  may  be  some  way  of  meeting 
this  difficulty,  but  it  was  thought  well  to 
throw  it  out  for  discussion  on  the  present 
oeemsion. 

A  third  plan  is  that  every  steam  user 
■honld  be  left  perfectly  free  to  lay  down 
what  description  of  boiler  he  may  think  best, 
and  to  enrol  it  or  not,  either  with  a  Boiler 
Inspection  Association  or  Boiler  Insurance 
Company  as  he  sees  fit,  and,  indeed,  that  he 
riioold  be  free  to  do  just  what  he  likes  as 
long  as  he  does  not  burst  his  boiier,  but  in 
the  event  of  explosion  it  is  proposed  that 
the  Government  should  then  step  in,  make  a 
Boet  searching  investigation  of  the  facts, 
and  publish  the  information  for  the  benefit 
of  the  community  at  large.  On  this  system 
the  steam  user  would  be  left;  perfectly  free 
in  his  choice  of  means,  but  would  be  held 
responsible  for  results,  and,  in  the  event  of 
explosion,  would  be  open  to  a  claim  for 
damages  from  relatives  of  those  killed  by 
the  failure  of  his  boiler.  Tbis  plan,  it  is 
argued,  would  act  preventively,  inasmuch 
as  it  would,  it  is  hoped,  arouse  to  suitable 
vigilance  all  those  connected  with  the  use  of 
steam,  which  is  all  that  is  required  for  the 
prevention  of  steam  boiler  explosions. 

These  are  three  of  the  principal  plans  now 
before  the  public.  The  first  proposes  to  act 
on  the  paternal  system,  and  to  take  every 
boiler  under  the  Government  wing.  The 
second  does  not  propose  that  the  Govern- 
ment should  undertake  any  inspections  itself, 
but  that  it  should  leave  them  to  duly  author- 
ised local  associations,  rendering  it,  however, 
compulsory  that  the  steam  user  should  avail 
himself  of  one  or  the  other  of  these  organi- 
sations. The  third  plan  goes  on  the  prin- 
ciple of  believing  every  man  innocent  till  ho 
is  proved  guilty,  and  of  punishing  offenders 
in  the  hope  that  by  so  doing  a  repetition  of 
the  offense  by  others  will  be  prevented. 

Such  is  a  brief  recapitulation,  and  but 
little  more,  of  the  measures  now  before  the 
public,  while  the  few  suggestions  that  have- 
been  added  to  this  brief  recapitulation  have 
been  thrown  out  more  to  stimulate  discussion 
than  by  way  of  advocacy  iu  the  case  of 


cither  plan,  and  full  discussion  is  now  invi- 
ted on  these  questions  from  the  members  of 
the  Mechanical  Section  of  the  British  Asso- 
ciation. 


ON  CANTING  RAIL& 

ByW.  Airy. 
From  <<  The  Engineer." 
It  will  generally  be  found  on  railways 
that  the  amount  or  cant  on  curves  which  the 
outer  rail  receives  is  considerably  less  than 
the  theoretic  cant  due  to  the  highest  ordi- 
nary speed  maintained  on  the  line.  Never- 
theless it  is  maintained  in  works  on  civil  on- 
gineering  that  the  full  maximum  cant  which 
the  formula  demands  ou^ht  to  be  insisted 
upon.  Now,  when  experience  has  led  to  a 
universal  system  of  departure  from  theory, 
it  may  safely  be  aflfirmed  to  be  practically 
correct,  and  the  writer  had  abundant  oppor- 
tunity of  investigating  the  question.  There 
are  two  important  reasons  why  the  cant 
should  be  kept  under  rather  than  over  the 
cant  due  to  the  highest  ordinary  speed  on 
the  line.  First,  because  a  train  goes  more 
steadily  round  a  curve  when  bearing  con- 
stantly and  firmly  against  the  outer  rail; 
and  secondly,  because  when  bearing  hard 
against  the  outer  rail,  the  coning  of  the 
wheels  assists  the  motion  round  t£e  curve. 
Now,  with  regard  to  the  first  of  these  reasons, 
it  is  well  known  that  nothing  tends  so  much 
to  make  engines  nin  off  the  line  as  allowing 
play  between  the  rails.  So  long  as  the 
wheels  run  steadily  and  closely  between  the 
rails,  the  train  is  safe,  and  it  would  re- 
quire a  vast  force  to  make  it  leave  the 
metals ;  but  when  the  engine  has  leave  to 
play  between  the  rails,  it  begins  to  roll  and 
oscillate  from  side  to  side,  and  has  a  ten- 
dency to  mount  the  rails  and  leave  the  line. 
So  well  b  this  known  that  at  crossings, 
where  great  steadiness  is  required  to  avoid 
injury  to  the  points  of  the  crossing,  it  is 
customary  to  reduce  the  gauge  to  the  extent, 
in  some  cases,  of  |  in.  Now,  on  a  curve,  if 
the  cant  be  not  too  great  to  permit  it,  the 
centrifugal  tendency  will  ensure  the  steady 
bearing  of  the  wheels  against  the  outer  rail, 
and  the  train  will  run  steadily  round ;  but 
if  the  cant  be  rather  too  large  for  the  speed, 
the  engine  will  acquire  a  violent  oscillatory 
motion — it  will  fall  off  from  the  outer  rail 
and  come  upon  the  inner;  then  in  conse- 
quence of  the  inequality  of  the  lengths  of 
the  outer  and  inner  rails,  aggravated  in  this 
case  by  the  coning  of  the  wheels^  it  will  be 


VAN  NOSTRAND'S  ENGINEERING  MAGAZINE. 


943 


THE  RESISTASCE  OF  ARMOR  PUTES. 

Jkfm,pmr  on  the  Penetration  of  Armor  Plates  with 
Mug  Shells  hating  Laree  Bursting  Charges,  fired 
obliqaeljy  read  before  tne  British  Association^  by 

JOSBPH  WhITWOBTB. 

At  the  meeting  of  the  British  Association 
%t  Korwich  last  year,  I  contributed  a  paper 
to  the  Mechanical  Section  "  On  the  Proper 
Form  of  Projectiles  for  Penetration  through 
Water."  This  paper  was  illustrated  by 
diagrams  showing  the  effects  proper  on  an 
iron  plate,  immersed  in  a  tank  of  water  bj 
prcneotiles  with  fiat-hemispherical  and  point- 
ed heads. 

In  that  paper  I  claimed  for  the  flat-fronted 
form  of  projectiles  made  of  my  metal  three 
points  of  superiority  over  the  Palliser  pro- 
jectiles adopted  in  the  service. 

1.  Its  power  of  penetrating  armor  plates 
OTcn  when  striking  at  extreme  angles. 

2.  Its  large  internal  capacity  as  a  shell. 

3.  Its  capability  of  passing  undeflected 
through  water  and  penetrating  armor  below 
tiie  water  line. 

This  latter  feature  was,  I  think,  satisfac- 
torily proved  by  the  experiments  described 
Ijist  year,  and  I  now  desire  to  draw  the  atten- 
tion of  the  section  to  the  experiments  I  have 
made  for  illustrating  the  penetrative  power 
of  long  projectiles  with  the  fiat  front,  fired 
at  extreme  angles  against  iron  plates. 

These  experiments  are  illustrated  by  the 
projectiles  actually  fired,  and  the  plates  they 
penetrated,  which  are  laid  on  the  table. 

The  gun  from  which  all  the  projectiles 
were  fired  is  called  3-pounder,  though  capa^ 
Me  of  firing  much  heavier  projectiles;  ifr 
weighs  315  lbs.  and  the  maximum  diameter 
of  its  bore  is  1.85  in. 

The  charge  of  powder  used  in  all  cases 
was  10  oz.,  and  the  weight  of  the  6  diameter 
projectiles  is  6  lbs. 

No.  1  is  a  portion  of  a  plate  2  in.  thick, 
penetrated  by  the  6  diameter  fiat-fronted 
projectile,  at  an  angle  of  35^. 

No.  2  is  a  similar  piece  of  plate  1.7  in. 
thick,  completely  traversed  at  an  angle  of 
45**  by  the  fiat-fronted  projectile  No.  2, 
which  buried  itself  to  a  depth  of  30  in.  in  a 
backing  of  iron  borings. 

No.  3  is  a  piece  of  plate  1.75  in.  thick, 
penetrated  at  an  angle  of  65^  by  the  fiat- 
m>ntcd  projectile  No.  3. 

Ko.  4  is  a  plate  1.7  in.  thick,  nearly  penc« 
trated  at  an  angle  of  45<>  bv  the  Z\  diameter 
flat-fronted  projectile  No.  4. 

No.  5  is  a  plate  1^  in.  thick,  against  which 
the  ixnnttd  projectile  No.  5  was  fired  at  an 


angle  of  45®.  The  projectile  failed  to  pene- 
trate the  plate,  being  defiected  by  the  pointed 
form  of  bend ;  the  distortion  of  its  shape 
shows  the  force  with  which  it  struck  the 
plate,  and  proves  the  excellent  quality  of 
the  material  which  could  resist  such  a  test. 

No.  G  is  a  plate  also  1^  in.  thick,  against 
which  a  Palliser  projectile  2J  diameter  long 
made  of  Pontypool  white  iron,  with  the 
jHmited  form  of  head,  has  been  fired;  the 
projectile  has  scooped  out  a  furrow  4  in. 
long  and  -^  in.  deep.  It  broke  up  into  frag» 
ments. 

The  plates  Nos.  1  and  3  were  purposely 
thicker  than  the  projectiles  could  quite  pasd 
through,  in  order  that  the  "  work  "  of  the 
projectiles  might  be  as  severe  as  possible ; 
an  examination  of  the  projectiles  themselves 
will  show  how  well  they  have  withstood  the 
severe  strain  to  which  they  have  been  sub- 
jected. 

The  data  thus  obtained  fully  establish,  I 
think,  the  superiority  I  claimed  for  the  fiat- 
fronted  projectiles  made  of  my  metal,  and 
satisfactorily  prove : 

1.  That  the  fiat-fronted  form  is  capable  of 
piercing  armor  plates  at  extreme  angles. 

2.  That  the  quality  of  the  material  of  the 
shell  enables  their  length  to  be  increased 
without  any  risk  of  their  breaking  up  on  im- 
pact, and  thus  increases  their  capacity  as 
shells. 

3.  That  thb  increase  in  length,  while  add- 
ing to  the  efficiency  of  the  projectile  as  a 
shell,  in  no  way  diminishes  but  increases  its 
penetrative  power. 

4.  That  the  amount  of  rotation  I  have 
adopted  in  my  system  is  sufficient  to  insure 
the  long  projectile  striking  ^^end  on,"  and 
thus  to  accumulate  the  whole  eficct  of  the 
mass  on  the  reduced  area  of  the  fiat  front. 

These  experiments  show,  further,  that  the 
Palliser  projectiles  fail  to  penetrate  when 
striking  at  an  angle,  solely  on  account  of  tho 
form  of  the  head  ;  the  Whitworth  projectile, 
which  resisted  tho  shock  and  did  not  break 
up,  being  deflected  in  preobely  the  same 
manner  as  the  Palliser  projectile  which  was 
shivered  into  fragments. 

The  objections'l  made  in  my  paper  last 
year  to  the  Palliser  projectile — 1st,  that  its 
form  of  head  causes  it  to  glance  off,  and,  2d, 
that  the  brittlcness  of  its  material  causes  it 
to  break  up  on  impact — I  have  now  proved 
to  this  section. 

The  facts  illustrated  by  those  experiments 
are  not  of  recent  discovery.  Ever  since 
1853,  I  have  experimented  upon  and  advo- 
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cated  the  flat  front.  I  have  on  the  table  a 
small  plate,  ^  in.  thick,  experimented  upon 
in  1862,  with  hardened  steel  bullets  fired 
from  my  small-bore  rifle.  No.  39  is  the  hole 
made  by  a  flat-fronted  bullet,  which  has 
penetrated  the  plate  at  an  angle  of  45®.  No. 
40  is  the  indent  of  a  hemispherical  headed, 
and  No.  40  of  an  ordinary  round-nosed  bul- 
let, both  fired  at  the  same  angle  of  45®. 
These  three  rounds  were  fired  in  1862. 

Within  the  last  few  days  I  have  had  a 
Paliiser  shaped  bullet  fired  on  the  same  plate 
at  the  same  angle,  in  order  to  compare  the 
effect  produced  on  a  larger  scale  on  plate 
No.  6.  It  is  interesting  to  observe  how 
closely  the  effects  obtained  with  the  small 
calibre  of  the  rifle  agree  with  those  of  the 
3-pounder  gun,  which  form  the  subject  of 
this  paper. 

These  experiments  were  made  with  a  gun 
of  small  calibre  from  considerations  of  econo 
my  and  convenience,  but  I  have  always  found 
that  what  I  could  do  with  the  smaller  cali- 
bres of  my  system  could  be  reproduced  in 
the  larger  sizes,  and  from  my  past  experi- 
ence I  feel  warranted  in  asserting  that  the 
effects  of  penetration  now  exhibited  could  be 
repeated  on  a  proportional  scale  with  my 
9  in.  guns  at  Shoeburyness,  or  with  11  in. 
guns  my  firm  are  now  engaged  in  construct- 
ing. 

A  glance  at  the  formidable  nature  of  the 
projectiles  thrown  by  these  guns,  and  a  con- 
sideration of  the  effects  they  may  be  ex- 
pected to  produce,  will  show  the  importance 
attaching  to  the  question  of  penetration  of 
plates  by  long  projectiles. 

The  9  in,  guns,  to  which  I  have  referred, 
weigh  15  tons  each,  and  are  capable  of  firing 
powder  charges  of  50  lbs. 

A  9  in.  Armstrong  shell,  five  diameters 
long,  weighs  535  lbs.,  and  will  contain  a 
bursting  charge  of  25  lbs. 

I  have  no  hesitation  in  saying  that  these 
projectiles  would  pierce  the  plated  side  of  a 
ship,  at  a  distance  of  2,000  yards,  and  at 
«ome  depth  below  the  watef  line. 

The  11  in.  guns  will  weigh  27  tons  each, 
and  will  be  capable  of  firing  90  lbs.  powder 
charges. 

The  11  in.  shell,  five  diameters  long,  will 
weigh  965  lbs.,  and  will  contain  bursting 
charges  of  45  lbs.,  and  would  pierce  the  side 
o£  the  ship  Hercules,  plated  with  9  in.  armor, 
ftt  a  distance  of  2,000  yards. 

Were  it  not  that  the  increased  destruc- 
tiveness  of  war  must  tend  to  shorten  its 
doratioQ  and  diminish  its  frequency,  thus 
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ffiON  AND  STEEL  NOTES. 

rm  PoMEKOT  Patents. — The  Pomeroy  Patents 
Compauy  possess  the  following  patents  for  the 
improved  mainufacture  of  Iron  and  Steel : 

1st.  For  the  smelting  and  refining  of  Iron  in  the 
ktaasty  cupola,  puddling,  or  other  furnaces,  by  the 
•omblDation  of  hydrogen  in  the  shape  of  ste^m  or 
mter,  with  Frankliuite  or  zinciferous  ores. 

2d.  For  the  manufacture  of  cast-steel  from  the 
icflned  iron. 

8d.  For  a  hot  air  double  reverberatory  furnace 
Air  the  manufacture  of  steel  or  balling  up  steel 
iponge. 

dth.  For  a  desulphurising,  deoxidizing  and  car- 
konising  (\imace  for  making  steel  sponge. 

6Ui.  For  an  improved  method  for  manufacturing 
imitation  Russia  Sheet  Iron. 

6th.  For  covering  iron  with  copper  or  other  met- 
als, such  as  bolts,  spikes,  nails  and  sheets. 

Tth.  For  movable  grate  bars  for  the  steel  and 
sponging  Airnaces,  so  as  to  keep  the  grates  clean 
without  opening  the  doors. 

The  great  advantage  of  the  hydrogen  process  for 
the  purifying  of  iron  has  been  abundantly  proved. 
But  the  chief  object  since  the  foundation  of  the 
Company  has  been  to  demonstrate  their  steel  patent 
for  making  steel  suitable  for  rails.    For  this  pur- 
pose tliey  erected  a  furnace  at  Newark,  N.  J.,  which 
prored  of  remarkable  power,  melting  old  iron  rails, 
refining,  carburizing  into  steel,  and  casting  the  in- 
gots in   from  2j  to  2{  hours  fVom   the   time  of 
charging  the  old  rails.    Some  very  fine  ingots  of 
■teel  were  produced,  which  were  proved  and  tested 
hi  Philadelphia,  to  be  of  superior  quality.    The 
nork  was  done  in  the  presence  of  many  experts  and 
other  parties,  who  all  expressed  themselves  satisfied 
with  the  results.    The  irregularity  of  the  old  rails 
sad  the  difficulty  of  getting  a  material  for  the  bottom 
of  the  ibniace  to  stand  so  g^*at  a  heat,  wore  the  prin- 
cipal difficulties  encountered;   but  the  managers 
sre  ftilly  persuaded  that  these  objections  will  be 
overcome  and  the  process  become  a  success  when  a 
new  and  improved  furnace  is  erected  and  a  material 
proper  for  lining  obtained.     "While  making  these 
trials,  parties  applied  to  have  steel  sponge  worked 
in  the  furnace  to  try  to  convert  it  into  steel  di- 
rect.   After  many  trials  it  was  found  to  be  im- 
possible on  account  of  the  great  quantitv  of  slag 
made  (h>m  the  sponge ;  but  it  was  found  that  the 
fumsoe  had  superior  powers  for  extracting  the  iron 
snd  that  it  could  then  be  rapidly  balled  up  into 
malleable  iron,  requiring  only  hammering  to  make 
superior  blooms  for  converting  into  steel,  rolling 
into  rails,  or  other  purposes. 

The  result  being  so  satisfactory,  the  next  requisite 
was  to  get  a  sponging  Airnaco  that  would  do  the 
work  thoroughly,  expeditiously  and  cheaply.  In 
this  the  managers  think  they  are  successful,  having 
reduced  the  time  of  sponging  the  crushed  ore  to 
about  8  hours,  or  working  continuously  3  heats  in 
24  hours.  This  process  formerly  required  ten  to 
twelve  days,  and  the  time  has  been  gradually  short- 
ening. With  unproved  furnaces,  they  will  be  able 
to  reduce  the  time  to  six  hours,  or  6  heats  in  2G 
hours.  By  these  improvements  the  manufacture 
of  rails  can  be  reduced  from  $10  to  $15  per  t4m, 
soQording  to  facilities  for  obtaining  coal  and  ore. 
Tlie  quality  will  also  be  very  superior  to  the  Iron 
now  used  for  rails,  and  by  proper  care  in  balling  up, 
s  small  percentage  of  carbon  may  bo  left  in  the 
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bloom  to  form  the  head  of  the  rail,  thus  making  it 
but  little  inferior  to  a  steel  headed  rail.  Another 
great  advantage,  and  a  very  important  one  is  that 
the  expensive  blast  furnace  will  be  dispensed  with, 
and  works  to  turn  out  an  equal  quantity  of  blooms, 
can  be  erected  for  about  half  the  cost  of  furnaces 
to  turn  out  an  equal  quantity  of  pig  iron.  The 
furnaces  are  all  so  simple  in  construction  and  working 
that  there  is  no  great  risk  of  any  serious  accidents, 
and  only  a  m(2erate  degree  of  wear  and  tear; 
thus  avoiding  the  great  peril  of  blast  furnaces;  also 
the  time  for  erecting  works  to  make  blooms,  would 
not  be  but  half  the  time  required  to  erect  blast  fur- 
naces. At  the  experimental  works  at  Newark, 
magnetic  60  per  cent  ore  has  been  worked.  The 
balb  made  were  hammered  and  rolled  at  Trenton, 
into  a  rail  28  feet  long,  68  lbs.  to  the  yard,  weigh- 
ing 626  lbs.  This  rail  has  been  pronounced  by  all 
who  have  seen  it,  as  of  superior  quality  and  finish. 
A  piece  of  the  head  fVom  the  waste  end  of  the  rail, 
has  been  tested  by  Whitney  &  Sons,  Philadelphia, 
for  tensile  strength,  as  follows : 

No.  1,  piece  tested  66,712  lbs.,  per  square  inch. 
2,        "  66,860   "  "        ** 

Average,  66,780   "  "        " 

This  is  25  per  cent  stronger  than  common  rails, 
and  ten  per  cent  stronger  than  the  standard  for 
bridge  iron. 

The  ore  was  good,  but  had  1|  per  cent  of  sul- 
phur and  i  per  cent  of  phosphorus  in  it,  and  yielded 
50  per  cent  in  the  balls.  The  great  strength  is 
mainly  due  to  the  fluxes  used  in  the  sponging  and 
balling,  together  with  the  use  of  hydrogen  and 
Franklinite,  which  eliminate  the  impurities  and 
make  a  neutral  iron;  being  so  pronounced  by  an 
ex]>erienced  smith. 

The  refuse  of  hematite  or  "  slack,'*  has  also  been 
sponged  and  balled,  yielding  84  per  cent.  An  ore 
containing  6  per  cent  of  titanium,  has  been  balled 
and  will  no  doubt  hammer  well. 

Those  trials  indicate  that  all  kinds  of  ore  can  be  well 
worked  by  the  Pomeroy  processes.  Also  that  ores 
too  sulphurous  or  refractory  to  be  worked  in  the 
blast  Aimace  can  now  be  utiliaed.  The  process 
also  saves  at  least  one  ton  of  coal  in  making  a  ton 
of  blooms  from  the  ore,  compared  to  the  blast  and 
puddling  process  for  blooms.  Pea  coal,  or  fine  bi- 
tuminous, answers  for  sponging. 

THE  Utilizatioji  OF  "Waste  Gases  from  Blast 
Furnaces. — The  bhist  furnace  proprietors  who 
have  adopted  one  or  other  of  the  diflfcrent  methods 
employed  fbr  bringing  down  the  gases  report  satis-^ 
ftwitorily  of  the  result.    This  with  regard  to  one 
plant  of  furnaces  is  seen  in  the  circumstance  that 
between  250  tons  and  800  tons  of  fresh  dmwn  slacfe 
heretofore  required  in  raising  the  steam  for  their 
blowing  engines  and  for  heating  the  blnst  is  now 
being  offered  for  sale.     The  concern  is  that  of  the 
Parkfield  Iron  Company  at  Wolverhampton.     If 
the  practice  should  bo  extended  throughout  the 
whole  of  the  district,  and  the  proportionate  saving- 
equal  to  that  here  stated,  a  large  amount  of  economy- 
will  have  resulted;  for  notwithstanding  that  in  some 
cases  the  ad.iptation  even  of  the  least  exi);'nHive 
method  is  regarded  as  costly,  still  the  ultimate- 
saving  is  very  marked.    Speaking  of  this  one  case- 
in  particular,  the  saving  may  be  put  as  equal  to  the- 
developing  of  gOO-horse  power  out  of  nothing ! 
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IEOH  JtsD  Steel — A  New  Blast  IIeatino  Appa- 
KAfua.— Homer  Hamilton,  Esq.,  of  Cleveland, 
haM  invt'Dted  a  new  blast  heating  apparatus  which, 
if  it  performs  all  that  is  claimed  for  it,  will  prove 
valuable  to  furnace  owners.    The  apparatus  con- 
siiits.  first  J  of  eight  or  ten  large  pipes,  divided  by  , 
tu«mta  of  a  horizontal  or  inclined  partition  into  two  ■ 
chambers^  of  which  the  upper  one  opens  at  one  end  . 
iiuL  the  lower  at  another.     Upon  each  of  these  base  I 
pipes  fire  eight  upright  pipes,  opening  into  the  up- 
^r  chamber  of  the  base  pipe,  and  closed  at  the  . 
top.     Inside   of  each  of  the  upright  pipes   is  a  | 
bumJler  tube,  opening  at  one  end  into  the  lower 
chamber  of  the  base  pipe,  and  at  the  other  into  a 
cluiiiiber  at  the  upper  part  of  the  outer  upright 
pipui.     The  object  of  the  invention  is  to  construct 
a  simple  aud  etfective  device  for  heating  the  air  that 
fa  carried  into  a  blast  f\irnace,  and  consists  in  the 
abovo  arrangements  of  pipes,  so  that  the  air  will  be 
expuised  ill  thin  sheets  to  heated  surfaces,  and  ex- 
pansion m\d  contraction  will  not  injure  the  appara- 
lus.     lis  operation  will  be  as  follows  :   The  burning 
g4^3  will  surround  the  upright  and  base  pii)es,  and  | 
will  htjut  their  surfaces.     The  air  is  forced  into  the  i 
lower   compartment  of  the  base  pipes,  thence  it  | 
passes  up  luto  the  inner  tubes  to  the  upper  part  of . 
ihi^  upright  pipes,  which  are  rounded,  enlarged  and  i 
deprej>3cd  in  the  center  for  the  purpose  of  facilita- 
t.ng  the  IrAusmission  of  air  from  the  inner  tubes  to  j 
the  outside   upright  pipes,  and  to  avoid  friction. : 
The  air  tiien  passes  down  tlie  upright  pipe  outside  ' 
Uie  inner  tube,  exposed  in  a  thin  sheet  to  the  heated  ' 
ptpe^  and  la  thence  transmitted  to  the  upper  com- 
partment of  the  base  pipe.     It  then  goes  into  the 
blast  1  111  ciiiee,  or  to  another  heating  apparatus  of 
flimiliir  construction.    It  must  bo  understood  that 
for  a  b!ait  fui  nacc  of  usual  size  a  series  of  eight  or 
ten  bast!  pipes  with  their  upright  and  inner  tubes, 
should   be   provided  in  order  to  have  a  sufficient 
heating  Hurface.     The  pipes  all  support  themselves,  ! 
aiid  C4iiinot  strain  any  supporting  frame  or  other  ma-  i 
cbiner)*.     For  that  reason  a  much  greater  degree  . 
of  bCiit  cau  be  obtained — a  very  desirable  thing  in 
Vbist  ftirriiice  economy.     The  points  of  the  inven-  I 
tion  iiru  :     First.   The  arrangement  of  base  pipes 
and  uprights  so  that  the  air  to  be  heated  will  pass  | 
from  one  compartment  of  the  base  pipe  through  all  | 
the  vertit;4ls  into  the  other  compartment.     Second.  I 
The  rounded  enlargement  on  the  upi>er  end  of  each  i 
upright  jpjpu  to  prevent  friction  of  the  air.    Third. 
Tilt:  construction  of  the  apparatus  so  thiit  the  air  is 
expijscd  to  the  heated  surface  of  the  outer  upright 
pipe   III  thin  sheets,  and    is  therefore  uniformly 
hGiiied,~PiUsburgh  Commercial,  Jtug.  7. 

SPECIAL  Method  of  Blooving. — We  have  lately 
t*\ttmitj<.'d  a  modification  of  the  Catalan  process 
in  the  old  tbrm  of  the  forge-hearth,  at  the  Logan 
JrcKiworks,  Bellefonte,  which  is  extremely  simple 
and  direct,  resulting  in  the  forming  of,  commercially 
^)e«kmgj  an  almost  absolutely  pure  iron.  The  fur- 
nace \s  A  fow  inches  above  the  general  floor  of  the 
ftirg^-btJU!M>,  and  the  size  about  large  enough  to 
make  one  bloom  of  200  or  225  lbs.  It  is  about 
liirt^e  by  lour  feet,  the  long  way  running  back  from 
tbt^  workmftn.  The  instrument  for  turnmg,  lifting, 
ttud  aiv^grtg.iting  the  iron  is  called  a  **  furgeon,'*  and 
iwiswer,**  h»  the  rabble  of  the  ordinary  puddling  fui- 
rmci'.  iJhf  waste  heat  passes  up  and  through  a 
i'himlHi  iij  [mediately  over  the  forge-hearth,  where 
pig^  ktie  placed  which  become  red  hot  before 
}y  are  rt^ady  to  be  drawn  down  upon  the  bed  of 
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(▲ixxABLi  Cast  Ibon. — For  the  production  of 
this  material  moat  of  the  German  founders  use 
«t  fusion  pig,  free  from  sulphur  and  phosphorus, 

Scotch  pig.  Styria  also  furnishes  a  suitable  iron 
tilch  can  be  used  only  in  the  north  of  Germany, 
nvever,  on  account  of  the  expense  of  transporta- 
Ml  and  high  duties.  On  account  of  the  conipeti- 
m  of  wruught  iron,  great  cheapness  is  very  csaen- 
il  to  its  sale.     The  makers  keep  secret  the  brand 

iron  which  they  employ,  but  it  is  well  understood 
at  the  brands  are  not  the  same  in  ditfereut  estab- 
hments.  The  iron  is  melted  in  plumbago  cruci- 
esy  holding  about  80  kiiog.  They  are  covered 
i^  porcelain  lids,  to  keep  out  Impurities  and  cin- 
av  which  reduce  the  high  heat  requisite  for  the 
ooess.  The  fire  in  which  the  crucibles  are  placed 
from  680  m.  to  940  m.  square,  and  is  surrounded 
ith  bricks  of  porcelain  earth.  The  use  of  blast  is 
A  advantageous,  since  the  economy  of  time  is  off- 
t  by  a  greater  consumption  of  coke.  The  natural 
aught  uf  the  chimney  is  sulticient  when  the  fur- 
ee  IS  properly  constructed.   An  essential  condition 

•access  is  a  high  heat  at  the  moment  of  pouring. 
ractice  enables  the  caster  to  estimate  the  heat  of 
e  ninmce,  and  he  recognizes  the  precise  moment 
'  plnnging  a  bar  of  red  hot  iron  into  the  crucible, 
atn  which,  upon  being  withdrawn,  the  metal  tiics 
r  in  sparks.  The  crucibles  are  raised  with  tongs 
ith  curved  jaws,  and  the  pouring  is  done  with  all 
laaiUle  speed — the  surface  being  tirst  cleaned.  By 
mentation  the  casting  acquires  the  properties  of 
rought  iron,  having  some  analogy  to  steel.  The 
Ksrution  consists  in  subjecting  the  castings  to  a 
olouged  red  heat  in  a  bath  of  pulveriz-jd  red 
rmatite.  They  are  arranged  in  boxes  of  cast  iron 
lied  muffles.  These  are  square,  and  with  air- 
[fht  covers.  In  arranging  the  castings  in  the  boxes 
ey  are  placed  in  layers  alternately  with  layers  of 
anatite.  The  cementing  ftirnace  is  very  simple. 
tie  grate  is  in  front,  and  the  draught  of  the  chim- 
tj  carries  the  hot  air  around  the  boxes.  The  heat 
tonld  be  conducted  with  care,  starting  rather  vig- 
'ously,  in  order  to  reach  the  desired  temperature 
lickly ;  then  supplying  the  furnace  at  regular  in- 
rvals.  The  cementation  lasts  three,  four,  and  live 
lys,  according  to  the  size  of  the  pieces.  A  charge 

about  850  to  450  kilog.  of  castings.  In  arranging 
le  charges  large  pieces  should  not  be  mingled  with 
nail,  and  those  muffles  containing  the  larger  pieces 
lould  be  placed  in  the  furnace  first.  On  the  other 
End,  the  smaller  objects  are  placed  on  the  sole  of 
le  fUmace.  Without  these  precautious  many 
teces  may  be  burned,  or  badly  decarburized — the 
Iter  becoming  something  intermediate  between 
CO  and  steel.  When  the  operation  is  deemed  com- 
lete  the  fire  is  allowed  to  fall,  but  the  furnace  is 
9t  uncharged  until  it  has  gradually  cooled.  Prac- 
ce  plays  an  important  part  in  the  management  of 
le  firing,  as  the  temperature  can  be  judged  of  only 
ler  pr.  longed  experience. — La  Gtnie  industrielU. 
MpaoTsxiCMT  iM  ROLLING  Ikon. — A  uew  descrip- 
.  tion  of  roller,  to  be  employed  in  the  manufacture 
r  iron  plates  bars,  tubes,  &c-,  has  just  been  iu- 
ented  by  a  roll  turner,  named  Robert  Robertson, 
'ho  is  at  present  employed  in  the  Coatbridge  Iron 
Torks,  the  property  of  Messrs.  Martin  Hl  Son.  The 
irention,  if  it  succeeds  as  well  as  it  at  present 
r^^m\msM  to  do,  bids  fair  to  completely  revolutionize 
tie  wjhiem  of  rolling,  as  the  new  machine  possesses 
9  many  advantages  over  the  one  at  present  cm- 
lojed.    The  invention  consiats  of  having  the  rolls 


tubular,  instead  of  solid  as  at  present,  with  a  stream 
of  water  introduced  inside  of  the  rolls.  The  ad- 
vantages are  said  to  be  that  the  new  rolls  are  from 
7  to  8  cwts.  per  ton  lighter  than  those  In  use  at 
present,  while  the  water  inside  the  rolls  prevents  the 
heated  iron  from  due  expansion,  while  undergoing 
the  process  of  lolling,  and  saves  a  great  amount  of 
drug  upon  the  engine.  The  saving  in  this  respect 
will  be  better  understood  when  it  is  stated  that  in 
the  item  of  brass  bearing  alone  the  amount  of  mean 
steam  saved  by  the  new  invention  is  at  least  15  per 
cent.  No  steam  arises  from  the  rolls  while  work- 
ing, so  that  the  workmen  can  pursue  their  avoca- 
tions with  greater  ease  and  facihty.  No  scales  stick 
to  the  rolls,  consequently  the  finished  bar  or  plate 
presents  a  finer  surface.  The  new  roller  will  also 
last  much  longer  than  the  solid  rolls,  while  the 
chances  of  sudden  breakage  are  reduced  to  a  mini- 
mum.— North  of  England  Coal  and  Iron  2*radf8 
Review. 

Siemens'  Open  Hearth  Furnjice. — Mr.  Siemens 
informs  us  that  the  cost  of  the  production  of 
steel  made  in  his  open  hearth  furnaces,  depends 
upon  the  cost  of  the  materials,  pig-iron,  scrap  and 
the  cost  of  the  labor.  The  following,  however,  is 
the  cost  of  production  in  England,  viz  :  for  a  charge 
of  four  tons  J  three  such  charges  being  made  in  2-k 
hours  in  each  iUrnace. 

10  cwt.  pig-iron. 
8  tons  10    "     scrap  steel. 

8    "     spiegeleisen. 
2  tons    coal. 

Labor — five  men  (melter,  assistant  melter  and 
three  laborers.)  Repairs,  interest,  management  and 
royalty.  This  made  the  actual  cost  of  the  steel 
ingots  <£5  10s.  per  ton. 

The  cost  of  one  of  these  furnaces  here,  with  gas 
producers  and  all  equipments,  such  as  ladle,  tram- 
way, etc.,  would  be  about  $14,000. 

As  to  the  durability  of  the  furnace,  the  best  evi- 
dence is  contained  in  a  letter  from  Mr.  Siemens, 
dated  February  16,  1869.  Ue  writes,  "  you  will 
be  interested  to  learn  that  the  manager  of  the 
Bolton  Steel  and  Iron  Works  (Mr.  Webb),  has  told 
me  that  his  fiirnace  crown  (open  hearth  steel  melt- 
ing) has  stood  70  charges,  and  looks  as  good  as  new. 
At  the  lowest  computation  the  furnace  will  last  100 
charges,  and  the  cost  of  repairs  will  amount  to  less 
than  one  ihilling  per  ton  of  steel  melted." 

We  quote  agam  from  a  late  letter  of  Mr.  Siemens — 
"  These  furnaces  are  now  in  regular  operation  at 
Swansea,  Bolton  and  Crewe,  where  first  class  steel 
is  made  by  them ;  that  made  at  Bolton  having  been 
tested  by  P.  W.  Barlow,  Esq.,  F.  R.  S.,  on  behalf 
of  the  Institute  of  Civil  Engineers,  who  are  desir- 
ous of  establishing  ^  standards  for  the  employment 
of  steel  in  construction,*  was  found  superior  in 
tenacity  and  ductability  even  to  crucible  steel,  and 
far  supjrior  to  Bessemer  steel." 

We  copied  a  paragraph  which  appeared  in  "  Engi- 
neering "  in  reference  to  Mr.  Samuelson  of  Middles- 
boro',  England.  We  learn  from  an  authentic  source 
that  it  is  quite  true.  Mr.  Samuelson  has  ceased  to 
manufacture  steel  according  to  the  "Siemens- 
Martin"  process,  but  his  failuro  must  not  been  held 
to  afiect  the  process,  as  he  did  not  work  according 
to  Mr.  Siemeud  instructions,  but  allowed  himself  to 
be  guided  by  M.  Martin,  who  was  unacquainted 
with  English  irons,  and  he  also  followed  his  own 
notions.  Moreover  ho  had  no  chemist  and  conse- 
quently was  working  in  the  dark. 
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SrscL  AT  AVT  Pbice. — The  amiable  journalists 
who,  until  the  advent  of  '*  gunpowder  Rteelj*' 
condemned  all  steel,  are  deriving  consolation  from 
the  utterances  of  Sir  William  Armstrong,  at  the 
Vewcastle  meeting  of  the  Mechanical  £ngineer8. 
Tbii  gunpowder  steel,  invented  by  one  Heaton,  was, 
tevever,  an  exception  to  everything  else.  No  words 
and  DO  superficial  measurement  of  type  were  suffi- 
cient to  explore  its  virtues.  It  is  explicable  that 
Sir  William  has  not  visited  the  deserted  ^*  shanty^' 
knomi  as  Langley  Mill,  and  from  the  korau  to  be 
foond  tliere,  developed  his  knowledge  of  steel.  We 
are  told  that  he  was  once  one  of  the  '^  steel  at  any 
yrioe  "  party.  So  far  iVom  this,  he  has  been  a  most 
nnoompromising  enemy  of  steel  m  all  forms,  lie 
■tood  out,  for  a  long  time,  and  in  spite  of  every  re- 
cognisable fact,  against  steel  inner  tubes  for  his 
anna,  without  which  they  might  almost  as  well  have 
been  constructed  of  leather.  Indeed,  there  is  no 
such  thing  now  as  an  '*  Armstrong  gun.''  The  gun 
im  Fraser's  and  Fraser's  only,  and  he  has  not  yet 
received  the  half  of  what  he  deserves  for  kicking 
aside  the  Armstrong  delusion.  Just  as  engineers 
complete  their  education  they  learn  the  value  gf 
etcei,  and  it  is  merely  a  pity  that  the  tergiversating 
Joarnelists  of  whom  we  speak  are  not  yet  out  of  the 
woods  in  their  wild  goose  search  after  evidences  of 
its  Talne. — Engineering,  * 

THs  PiTTSBUBOu  Steel  Wobks.— The  **  Black 
Diamond"  Steel  Works  of  Park,  Brothers  & 
Co.,  are  the  largest  in  the  city,  covering  five  acres, 
end  oomprising  a  steel  forge,  rolling  mill,  converting 
bailding,  melting  houses,  etc.  Here  are  17  steam 
hsinmers,  6  helve  hammers,  7  steam  engines,  4 
timiua  of  rod  and  bar  rolls.  The  capacity  of  the 
4orka  is  20  tons  of  cast  steel  and  10  of  common 
steely  daily,  the  number  of  men  employed,  240. 
This  concern  manufactures  cast  steel  boiler  plate  for 
locomotive  engines,  tool  steel,  machinery  steel, 
burglar  proof  safes  steel,  plough,  and  other  agri- 
cultural steel.  The  buildings  and  machinery  of  the 
establishments  are  all  first-class,  and  kept  in  the 
nicest  possible  order.  This  is  a  sample  of  the  very 
best  class  of  establishments  in  Pittsburgh. 

Tlie  esUblishment  of  Messrs.  llussey.  Wells  & 
Co.,  one  of  the  largest  steel  works  in  the  city,  has 
s  capital  of  $1,000,000,  runs  144  furnaces,  and 
makes  about  80  tons  of  steel  per  day.  They  employ 
about  200  men,  and  sell  as  fast  as  they  can  manu- 
facture, which  is  the  best  point  that  can  be  made 
with  regard  to  the  steel-workers  of  Pittsburgh. — 
Exekangg. 

Stbbl-Headid  Rails.  —  Steel-headed  rails  arc 
made  at  the  Trenton  (N.  J.)  Rolling  Mills  by 
Uie  following  process :  The  steel  which  is  to  form 
the  bead  of  the  rail  is  first  wedded  to  a  quite  thin 
•  piece  of  iron.  The  combined  bar  is  tlieu  beaten 
■ad  rolled  down  until  the  iron  is  very  thin  and  the 
steel  reduced  to  about  half  its  former  bulk.  After 
this  operation  is  completed,  the  whole  quantity  of 
iroo  requisite  to  complete  the  bulk  of  the  rail  is 
added  to  the  bottom  of  the  combined  bar,  and 
welded  to  the  thin  layer  of  iron.  This  process,  it  is 
SBserted,  doubles  the  strength  of  the  weld  l)etwcen 
the  iron  and  the  steel,  always  a  difflcuU  operation  to 
perform.  The  old  process  consists  in  welding  the 
relative  thickness  of  iron  and  steel  at  one  operation, 
but  the  new  method  is  reported  to  furnish  better 
fSils.— C^.  8.  RnUroad  and  Mining  Regitttr, 


1}  EDUCING  Aluminium  fbox  its  Obes. — ^Mr.  A.  L. 
Xl;  Fleury,  of  Boston,  U.  S.,  mixes  pure  alumina 
with  gas  tar,  resin,  petroleum,  or  some  such  sub- 
stance, making  it  into  a  stifi'  paste,  which  is  divi- 
ded into  pellets,  which  are  dried  in  an  oven,  then 
placed  in  a  strong  retort  or  tube,  which  in  lined 
with  a  coating  of  plumbago.  They  are  then  exposed 
to  a  cherry-red  heat.  The  retort  must  be  sufiicicntly 
strong  to  stand  a  pressure  of  from  25  to  80  lbs.  on 
the  square  in.,  and  be  so  arranged  that,  by  means  of 
a  safety  valve  or  tube,  the  necessary  amount  of  some 
carburelted  hydrogen  gas  can  be  introduced  into  the 
retort  among  the  heated  mixture,  and  the  pressure 
of  from  20  to  80  lbs.  on  the  square  in.  be  main- 
tamed.  The  gas  alluded  to  is  forced  into  the  retort 
by  means  of  a  force  pump.  By  this  process  the 
alumina  is  reduced  and  the  aluminium  remains  as  a 
spongy  mass,  mixed  with  carbon.  This  mixture  is 
re-melted  with  metallic  zinc,  and  when  the  alumi- 
nium has  collected  in  a  metallic  state,  the  zinc  is 
driven  off*  by  heat.  The  reduction  is  due  to  the 
carburetted  hydrogen  gas  under  pressure.  The  time 
required  for  reducing  one  hundred  pounds  of 
alumina  earth,  cryolite,  or  other  compound  of 
alumina,  should  not  be  more  than  four  hourii ;  when 
the  gas  can  be  applied  in  a  previously  heated  as  well 
as  strongly  compressed  state,  the  reduction  takes 
place  in  a  still  shorter  period. — Chemical  News. 

RUSSIAN  Rails. — ^A  great  festival  has  lately  been 
held  at  the  Poutilof  rail  factory  (St.  Peters- 
burg) on  the  occasion  of  the  completion  of  2,000,000 
pounds  (about  800,000  cwt.)  of  rails.  The  ribe 
of  this  factory  is  mainly  owing  to  the  privileges 
granted  by  the  Russian  Grovernment  to  companies 
purchasing  their  railway  material  in  Russia,  and  to 
large  orders  for  the  governmental  lines,  llitherto 
it  might  be  reckoned  that  a  considerable  part  of  in- 
vestments of  English  capitalists  in  Russian  railway 
shares  might  come  back  in  the  shape  of  payment 
for  rails  and  rolling  stock.  Now  we  see  that,  as 
regards  rails,  this  hope  must  be  given  up ;  and  the 
same  thing  would  probably  have  taken  place  in  re- 
s(K;ct  of  carriages,  had  not  the  new  Struve's  exten- 
sive carriage  factory  (near  Moscow)  been  recently 
burnt  down.  Of  locomotives  and  carriages  we  may 
further  observe  that  Russian  companies  have  always 
pivlerred  the  cheaper  French  and  Grerman  supplies. 
The  Poutilof  rails  are  stated  by  Russian  engineers 
to  be  heavier,  and  nearly  twice  as  dear  as  the  for- 
eign, but  more  durable. — Tke  Engineer. 

Bessbmer's  Latest  Patent. — ^Ilenry  Bessemer, 
whose  name  ha^  been  long  Identified  with  im- 
provements in  the  manufacture  of  iron,  has  recent- 
ly taken  out  a  patent  in  England  on  a  new  process, 
the  object  of  which  is  to  secure  a  more  rapid  and 
less  expensive  mode  of  fusing  malleable  iron  and 
steel  of  different  kinds,  and  to  obtain  cast-steel 
and  homogeneous  malleable  iron  therefrom.  In 
order  to  accomplish  this,  the  inventor  avails 
himself  of  the  property  of  gaseous  fluids  to  rise  in 
temperature  in  proportion  as  they  are  compressed, 
and  he  constructs  furnaces  of  sufficient  strength  to 
withstand  an  internal  pressure  equal  to  two  or  more 
atmospheres,  and  retains  in  such  furnaccH  the  pro- 
ducts of  combustion  under  such  an  excess  of  pres- 
sure over  that  of  the  external  air  as  will  produce 
the  high  temperature  necessary  for  rapidly  Aisiing 
malleable  iron  and  steel  of  any  kind  or  quality. 
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A  Of  Indian  Railway  Traveling. — A  late 
iiber  of  the  *•  Cornhill,"  gives  the  foUow- 
eresting  facts  : — The  only  accidents  peculiar 
la  are  those  which  are  the  result  of  floods, 
ssj  and  such  disturbances  of  the  elements. 
I,  the  lower  part  of  Bengal  was  visited  by  a 
idous  hurricane,  but  although  sheds  were 
.  to  the  ground,  roofs  were  torn  away,  and 
r  a  train,  including  the  engine,  was  blown 
lO  lives  were  lost.  On  this  occasion  damage 
extent  of  £-30,000  was  done  to  railway  prop- 
On  another  occasion,  on  the  Bombay  side, 
alts  were  even  more  disastrous.  A  viaduct 
Great  Indian  Peninsula  Railway  was  carried 
>y  the  violence  of  a  flood,  and  a  night  train 
ng  soon  after  ran  into  the  vortex,  taking 
a  number  of  native  passengers,  fourteen  of 
irere  killed.  The  bridge  over  the  Nerbudda 
on  the  line  between  Bombay  and  Baroda, 
>re  than  once  sutfered  injury  iVom  the  vio- 
»f  the  torrent.  In  Scinde,  on  one  occasion, 
e  village  on  the  banks  of  a  nullah  was  car- 
ray,  and  brought  down  a  .railway  bridge  in 
I.  Wild  animals  have  also  occasionally  been 
lae  of  accidents.  The  other  day  an  elephant 
d  a  train  and  was  killed,  but  such  was  the 
nee  which  he  offered  that  the  engine-driver 
rown  off"  and  injured.  A  buffalo  has  also 
nown  to  throw  a  train  off*  the  line  by  getting 
way.  In  spite,  however,  of  those  special 
,  railway  traveling  is  as  safe  in  India  as  in 
;d.  Last  year  the  number  of  fatal  accidents 
e  acd  a  half  per  million.  There  are  perhaps 
requent  cases  of  death  from  natural  causes 
an  Railway  trains  than  elsewhere,  and  the 
18  heading  *'  found  dead  "  may  be  seen  on 
arns  of  casualties.  The  fact  appears  to  be 
wy  natives  commence  a  journey  in  extremis^ 
hope  of  reaching  some  sanctiflcKl  spot  where 
and  the  vital  spark  expires  before  the  poor 
re  can  reach  his  destination. 

RuNHiio.-^The  speed  of  the  New  York  and 
Icago  Express,  over  the  New  York  Central 
id,  has  been  as  high  as  51.7  miles  per  hour 
Dalles,  between  Syracuse  and  Rochester. 


ratont  average  for^whole  year. 


PEAT  FOR  Locomotive  Fuel. — The  State  Line 
Bavarian  Railway  has  been  worked  with  turlf 
since  1847,  or  for  above  20  years,  rather  from  ne- 
cessity than  choice.  The  peat  is  got  from  the  bogs 
of  Haspclmoos.  The  method  of  its  preparation 
is  that  of  M.  Exeter,  whose  statement  is  that  he 
can  produce  10,000  cubic  meters  of  prepared  turf 
per  annum  at  a  cost  of  2.80  fVaucs  per  meter.  The 
turf,  as  dug  or  dredged,  appears  loaded  with  mucli 
admixed  earthy  matter;  from  this  it  is  separated 
by  grinding  up,  large  dilution  with  water,  and  de- 
cantation  of  the  water  bearing  the  light  peat  par- 
ticles still  in  suspension  from  the  heavier  earthy 
matter  which  has  deposited.  This  is  let  to  dry  in 
layers  exposed  to  the  air  like  ''band  turf,''  and 
then  compressed  in  molds  by  power.  From  other 
sources  of  information  on  the  subject  of  artificially 
prepared  peat,  we  conclude  that  these  results  ad- 
mit of  being  contested.  As  a  locomotive  fuel, 
turf,  at  the  best,  is  a  bad  and  troublesome  one;  it 
gives  much  smoke  and  sparks,  leaves  an  evil  smell 
afler  it,  experienced  in  the  train,  and  is  so  bulky 
as  often  to  need  supplementary  wagons  to  feed  the 
tender  on  a  long  run.  There  is  also  great  waste 
by  the  broken  particles  passing  through  the  fire- 
bars. 

As  to  comparative  heating  powers  (not  theoretic, 
but  taking  into  account  all  these  circumstances), 
the  result  of  nine  years'  working  on  the  Bavarian 
State  Line  indicate  that  100  cubic  feet  or  2.486 
cubic  meters  of  the  prepared  turf  of  average  qual- 
ity and  dryness,  are  equivalent  to  812.5  kilograms 
of  coke,  or  to  8.185  cubic  meters  of  white  firewood, 
t.  «.,  of  wood  principally  of  birch,  beech  and  alder. 
Thus  daring  this  interval  of  working,  the  cost  of 
firing  with  turf  was  about  half  that  of  coke  (ia 
Bavaria),  and  two-thirds  that  of  wood.  But 
taking  everything  into  account,  as  derived  from  the 
accounts  of  the  line  for  1861-02,  It  may  be  shown 
that  even  this  is  too  favorable,  for  that  the  fuel 
account  per  kilometer  per  engine  stands  thus: — 
Fired  with  Coal.       Fired  with  Peat. 

PaMenger  Engines.  U  IMf.  U.lT-if. 

Luggage  Engines..  OMW.  0.907 f. 

It  is  thus,  though  rather  cheaper  than  coal  for 
slow  traffic,  a  trifle  dearer  than  coal  for  fast,  and 
that  even  in  Bavaria,  where  coal  was  then  except- 
ionally dear. — Practical  Mechanica*  Journal. 
TJailwat  Improvement  in  New  York  City.^ 
Xt  The  Legislature  of  the  State  of  New  York,  at 
its  last  session,  authorized  the  construction  of  a  rail* 
way  station  on  the  Fourth  avenue,  to  be  used  jointly 
by  all  trains  arriving  in  this  city  from  the  north.^- 
This  station  will  extend  from  Forty -second  to  Forty- 
fifth  street,  closing  Forty-third  and  Forty-fourth, 
streets,  and  will  occupy  an  area  of  about  800  feet 
in  length  by  800  feet  in  width,  taking  in  for  this, 
purpose  150  feet  on  either  side  of  the  avenue.  The. 
Uudson  river  road  is  to  be  connected  with  the  Har- 
lem and  New  Haven  track,  and  all  the  trains  of 
these  three  roads  are  to  be  brought  under  one  roof. 
The  estimated  cost  of  this  improvement  will  amount 
to  $1,000,000,  and  it  is  stated  that  the  permanent 
way  of  these  lines  are  to  be  so  combined  as  to  per- 
mit the  freight  carried  over  them  to  be  all  delivered 
at  the  large  depot  now  occupying  what  used  to  be 
St.  John's  Park.  The  advantages  which  these  ar- 
rangements will  afford  to  travelers  and  the  commer- 
cial community  over  the  present  disjointed  state  of 
city  and  country  intercommunication,  are  apparent. 
^  ^Scientific  jimtrican. 
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nc  Railroad  Time  Table. — The  following 

tement  of  Time  and  distances  is  given  by 
ettem  Railroad  Gazettt : 

•    Milea.  Hoan. 

ork  to  Chicago,  III 911  86| 

0  to  Omiiha,  N  ebraaka 4y  I  24^ 

to  Brjan 858  43 

toOgden,  UUh 233  1U| 

to  Likoy  Nevada,  via  Ct&tral 

cifioK.  R 278  12^ 

» Saoramento,  Cal.,  via  Central 

eificK.R 465  81 

lento    to   San    Franoiaeo^   via 

Mtern  Paeifio  R.  K 117  S| 

3,363  161| 

8  a  total  distance  of  8;358  miles  is  made, 
.ing  to  the  present  schedule  time,  in  6  days 
{  hours,  actual  time,  by  a  traveler's  watch, 
rhich  we  deduct  8|  hours  diU'erence  of  time, 
l^oiug  AVest,  leaving  the  apparent  time  con- 
in  making  the  trip  6  days  and  14  hours. 
)an  Francisco  the  mails  will  connect  with 
rious  steamship  lines  running  on  the  Pacific, 
*y  be  landed  in  Honolulu  in  9  days  from  that 
r  16^  days  from  Mew  York.  They  can  reach 
in  19  days  from  San  Francisco,  or  25^  days 
lew  York,  or  83  to  84  days  from  Great  Brit- 
lus  beating  the  British  mails  sent  via  Suez, 
;o  four  weeks.  The  trip  between  Yokohama, 
and  cither  .Hong  Kong  or  Shanghai;  is 
'  accomplished  by  the  Pacific  Mail  steam- 
n  from  tive  to  six  days,  which,  added  to  the 

1  reaching  Japan,  will  give  the  through  time 
ary  to  reach  either  of  the  above  named  ports 
na. 

mails  for  Australia,  it  is  thought,  will  here- 
o  via  San  Francisco,  as  the  Australian  and 
Zealand  Steamship  Company  intend  trans- 
;  the  terminus  of  their  line,  which  has  been 
g  from  Sydney  to  Panama,  so  as  hereafter 
from  Australia  to  Taluti,  thence  to  Uono- 
nd  thence  to  San  Francisco,  making  28  days 
lie  time,  which  will  give  us  monthly  mail  to 
ilia  in  84  or  86  days  through  time. 

l-Cappsd  Rails. — A  paragraph  has  been 
ng  the  round  of  the  press,  stating  that  the 
rd  and  Mew  Haven  Railway  Company  had 
laying  down  steel  rails,  for  the  reason  of 
'  stitl*,  unyielding  character."  As  rail  stifl- 
what  our  engineers  have  long  been  striving 
e  reason  given  was  rather  odd,  to  say  the 
We  have  never  found  a  rail  too  stifl'  fot  a 
two  ton  engine,  going  at  speed,  and  probably 
else  has.  The  section  of  rail  should  always 
ry  or  stiff  enough  to  prevent  any  deflection 
tie  driving-wheel  parses  between  the  8leej)ers ; 
the  wheels  are  constantly  running  up  and 
hort  inclines,  producing  that  unsteadiness  of 
lent  and  pounding  that  is  so  destructive  to 
tils  and  wheels.  The  rail  is  nothing  but  a 
and  the  more  strong  and  stiff  it  is,  thKS  safer 
tter  it  is  for  every  purpose  Any  elasticity 
track  should  be  applied  in  the  superstruc- 
low  the  rail.  We  understand  that  the  Hart- 
>mpany  has  ceased  laying  down  steel-capped 
r  the  reason  that  the  ofSccrs  desire  to  test 
itility  before  further  expense  is  incurred. 
ave  some  fifteen  hundred  tons  in  the  track, 
present  it  is  doing  well.  The  principal  ob- 
urged  against  th^  iron  rail  covered  with  steel 


Is,  that  the  steel  will  flake  off  by  wear.  The 
makers,  on  the  other  hand,  claim  that  their  system 
of  uniting  the  two  is  complete,  and  that  the  steel 
will  adhere  until  worn  off.  The  durability  of  steel- 
capped  rails  is  a  matter  which  requires  more  ex- 
perience to  determine,  though  a  lot  of  Prussian 
make  (Funcke  &,  Elbers)  laid  on  the  Boston  and 
Providence  road  are  showing  fine  results.  These 
rails  are  not  made  of  Bessemer  but  of  puddled 
steel,  and  the  method  of  piling  in  manufacture 
differs  from  common  practice,  it  being  vertical  in- 
stead of  horizontal,  so  that  the  weld  being  perfect, 
any  defect  or  want  of  homogeneousness  in  the  ma- 
terial will  show  itself  in  the  head  by  a  depression, 
instead  of  flaking  off  or  laminating  is  seen  in  many 
makes  of  iron  rails.  The  Prussian  rail  can  be  cut 
and  notched  in  the  flanges  without  any  fear  of  a 
succeeding  fVacture  at  the  point  cut,  and  there  is 
equal  security  against  fracture  at  the  bolt  holes  for 
the  fish-plates.  We  must  confess  to  some  doubt  as 
to  the  wearing  qualities  of  an  iron  rail  with  a  Bes- 
semer metal  cap  shrunk  on  around  the  head,  the 
difficulty  being  in  getting  a  good  weld;  but  we 
understand  that  it  has  been  done  with  premise  of 
good  results.  Our  railway  companies  are  making 
money  enough  to  allow  them  to  make  a  fair  trial  of 
all  the  new  devices  and  we  trust  that  they  will  do 
so,  so  far  as  they  can  without  impairing  the  safe 
character  of  travel. — Railway  Timet. 
TVbe  Swiss  Alpine  Railway. — Besides  the  great 
A  engineering  triumphs  of  the  nineteenth  century 
— the  Suez  Canal  and  the  Mont  Cenis — another  work 
of  no  less  magnitude  is  now  claiming  universal  atten- 
tion, namely,  the  Mont  Saint  Gotthard  Railway. 
After  the  Prussian  and  Italian  ambassadors  notified 
lately  to  the  Swiss  Conl'ederation  the  material  sup- 
port of  their  respective  governments  towards  that 
undertaking,  a  conference  was  assembled  at  Lucerne 
ibr  the  purpose  of  taking  the  initiative  in  the  matter, 
and  to  arrange  a  financial  programme.  Dr.  AlfVed 
Escher,  the  eminent  Sfviss  statet<man  and  railway 
director,  reported  that  of  the  necessary  capital — 
6,500,000/.  sterling—2,600,000/.  will  be  found  in 
Italy,  2,000,000/.  in  Germany,  and  2,000,000/.  hi 
Switzerland,  these  sums  being  composed  of  8,600,- 
000/.  subventions,  1,000,000/.  in  obligations,  and  tho 
rest  in  shares,  the  greater  portion  of  which  has 
already  been  subscribed  for  in  Switzerland. 

In  the  construction  of  the  Saint  Gotthard  line  the 
project,  adopted  by  the  Italian  commission,  will  be 
principally  adhered  to.  This  project  includes  a 
perfectly  straight  and  nearly  level  tunnel  of  9|  miles 
in  length,  the  northern  tunnel  mouth  at  Goeschenen 
will  be  1,100  meters,  the  southern  at  Airolo  1,180 
meters,  and  the  tunnel  summit  1,187  meters  above 
sea  level;  and  this  tunnel  the  contractor  of  the 
Mont  Cenis  tunnel  has  oflered  to  execute  in  eight  t6 
nine  years,  including  steel  rails,  for  the  sum  of 
2,480,000/. 

Another  project,  proposing  a  surface  line,  rising 
at  the  rate  of  1  in  20,  to  1,800  meters*  height,  has 
been  condemned,  as  not  affording  that  expeditious, 
safe,  and  economical  working  as  the  lower  line  with 
long  tunnel.  This  consideration  has  carried  all  the 
more  weight  with  it,  as  the  future  Swiss  Alpine 
Railway  will  have  to  compete  with  the  Mont  Cenis, 
Brenner,  and  the  French  Mediterranean  lines.  It 
has  been  stated  that  on  this  latter  line,  having  no 
steeper  gradients  than  1  in  200,  the  working  expenses 
of  one  ton  net  are  only  one  farthing  per  kilometer, 
while  the  carriage  of  one  ton  net  on  gradients  of  1 
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in  20  would  crwt  four  tlroiis  as  much,  or  otie  peon;- 
P^^r  kilcimc'ter;  and,  moreover,  the  surluce  line  buiug 
double  the  length  of  the  lower  line,  the  working  ex- 
penses would  accordingly  W  in  tht*  riiiio  oil  in  i*.  The 
lineft  comiactiug  the  Samt  Uotlhiird  tutniel  with  the 
Swiss  and  Italijin  riiilwiiy  system  will  stilK  however, 
preaeiit  some  heavy  gradieuis  and  sharp  curves. 

We  underst.md  the  alien  Lion  of  the  Sahit  Gott- 
hard  Coinmti^ion  has  been  directed  (4*  Mr.  FrtirUe^s 
double -bi>gie  engines,  and  tliLit  gent  Its  ujao's  plans 
hare  been  regarded  with  much  fdvor  aud  interest. — 
JCngineerinii. 

EtecTUtc  LiatiTs  on  Hailwata.  —  According 
to  the  Aiuurican  jouiiuU  a  novelty  in  railway 
uiandgeiueut  la  to  W  inifo4lueed  by  the  Krie  Com- 
pany, who  |i rojiose  to  illuimiiute  the  whole  line  of 
Ihut  joud  at  Uight  by  electric  lights  at  the  ferries, 
in  the  luimels,  on  all  dangerou*i  curves,  aud  on 
<jvery  eugiijL^  jlir,  E.  C.  Morse,  who  haa  ehurge  of 
the  matter,  titatea  that  he  h.iii  made  several  auiior- 
taiit  improveUienLs,  among  otherit  a  plan  for  pre- 
serving the  carbon  points  from  wasting  away  and 
keeping  them  for  months  in  good  condition,  h  itelf- 
tiu^uiiniiig  battery,  and  an  invention  by  whieh  the 
lurniug  ut  the  wheels  of  the  engine  shall  collect 
electricity  for  use  in  illumination.  There  will  he  a 
light  at  each  end  of  the  ferry,  which  it  is  beliiJved 
wdl  make  a  collii^iou  practically  impossible  on  t!ie 
darkeht  and  foggiest  night.  Even  with  the  dhni- 
nution  of  light  eauned  by  the  jarring  of  the  locomo- 
tive, it  is  estimated  that  the  hejid-light^  will  show 
the  track  to  ihe  engineer  on  a  straight  line  for  three 
miles-  More  welcome,  however,  than  any  announce- 
ment of  nj  iteriul  improveuients  would  be  a  iiotiti- 
catioa  in  the  cau^e  of  public  utorality  that  the  mali- 
ngers of  this  line  could  be  brought  to  a  condition  of 
resp  tniFibility  for  the  pL*€uniary  claims  of  the  share- 
holders.— Eni^neering, 

OvESv  AND  PowEB  OF  LocoiroTivEa.**The  ip<r«rf 
O  of  an  engine  depends  on  the  rapidity  with  which 
its  boiler  cm  generate  steam.  One  cylinder  fuU  is 
required  IVtr  each  stroke  of  each  piston.  Each 
double  stroke  correspondji  to  one  revolution  of  the 
driving  wheels  and  t^j  the  propulsion  of  the  engine 
through  a  iipiice  etjual  to  tlieir  circnmference. 
Wheeis  seven  feet  in  diameter  p^i&s  over  twenty -two 
feet  in  each  complete  revolution.  To  produce  a 
apeed  of  seventy -live  miles  an  hour,  they  imist 
revolve  exactly  five  time.^  iu  a  second;  and  to  etlect 
this  revolulioU)  eaeh  piston  must  make  double  tliat 
tmmlKT  of  stnikes  in  that  timt',  and  cotisunii^  ten 
cylinderfuts  of  steam.  The  power  o(  an  engine  in 
drawing  UmtU  depimds  on  the  pressure  of  the  steam, 
which  is  usually  about  1*10  pounds  on  the  sqmire  in. 
It  is  also  limited  by  the  adljeaion  between  the  track 
Mid  the  driving  wheels,  which  is  proportioned  to  the 
Weight  pressing  on  the  lattery  so  that  instead  of  the 
weight  being  an  obstacto,  it  is  one  of  the  priticipal 
elements  of  power.  The  tractive  power  of  an  engine 
of  40  tona,  with  32  resting  on  the  drivers  would  be 
About  4  tons  — Jmerican  JriUan, 

NEW  Rail  WATS  in  the  United  States. — It  ia 
believed  that  at  least  6,0<Xrmiles  of  new  rail- 
road Nvill  tiave  !>e'.'Ti  opened  in  the  United  States  in 
the  coiifHt*  of  the  year  18«j0.  Already  the  returns 
gjjow  A  mile  to  every  b76  of  the  population. 

11  Bit  HKADixa  Railwax  Co,  are  making  Tery  m- 
^   peTiorifon  rails  at  their  own   mill  by  simply 
|iutiiit&  plenty  of  work  on  the  iron. 
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i  CouKSE  07  Six  Lectures  on  the  Chemical 
SL  Changes  of  Carbon.  By  William  Odlino,  M. 
4.,  F.  K.  S.,  Fullerian  Professor  of  Chemistry, 
loyal  Institution.  Delivered  before  a  Juvenile 
iiuditory  at  the  Royal  Institution,  Christmas, 
.868-' 9.  With  Notes  by  Wm.  Crookes,  F.R.S. 
JoodoQ :  Longmans,  18(59.  For  sale  by  Van  Nos- 
imnd's. 

Dr.  Odling's  Christmas  Course  of  Lectures  for 
'UTeniles,  at  the  Royal  Institution,  were  no  doubt 
ttended  by  some  of  our  readers,  who,  though 
diildhood's  time  is  gone  with  them,  consented 
inder  the  circumstances  to  the  imputation  of  being 
itill  only  big  boys.  To  these  and  to  all  others  who 
fere  present  at  the  delivery  of  the  lectures,  the 
lermaueht  record  of  them  by  Mr.  Crookes  will,  we 
ire  sure,  be  very  welcome  as  a  souvenir  of  some 
Mppily  spent  hours.  To  listen  to  a  lecture  in 
rhich  the  nature  of  some  group  of  natural  pheno- 
nena  Is  set  forth  in  a  form  clear  and  distinct  to  the 
otirely  uninitiated  by  a  master  hand,  lias  always 
men  to  us  a  keen  pleasure.  Dr.  Odling  possesses 
D.  A  special  manner  the  power  of  comprehensive 
(zposition,  which,  united  with  enviable  qualities  of 
'oice  and  manner,  renders  his  teaching  unusually 
kttmctive. 

The  title  of  this  course  of  lectures — The  Chemical 
Jkanges  of  Carbon — only  imperfectly  indicates  their 
;ubjeci-matter.  For  the  benefit  of  those — neces- 
uu'ily  the  great  majority— of  our  readers  who  did 
lot  hear  the  lectures,  we  will  briefly  enumerate  the 
principal  matters  touched  upon  the  method  of  the 
K>arse.  Concerning  the  method,  it  is  that  of  pass- 
ng  from  one  fact  to  some  othcrwto  which  it  natu- 
tUly  leads,  making  the  selection  according  to  the 
object  in  view — that  is  to  say,  it  is  the  common 
nethud  of  passing  from  the  known  to  the  unknown. 
rhis  metliod  has  been,  however,  more  extensively 
bllowed  in  these  lectures  than  is  usual.  Mr. 
Brookes  in  his  preface  to  the  lectures  says,  and  we 
luite  agree  with  him : 

"  A  remarkable  feature  in  these  lectures  is  the 
kct  that  every  term  made  use  of  is  defined  as  i^ 
>ccars.  and  the  oral  definition  is  supplemented  by  a 
:lear  and  decisive  exi>erimental  illustration.'* 

Of  carbon  itself,  its  three  forms  are  described — 
Munely,  charcoal,  graphite,  and  diamond,  while  of 
lis  compounds  the  three  following  are  selected — 
»rbonic  gas  (carbonic  acid),  carbonous  oxide  (car- 
bonic oxide)  and  carbonic  disulphide  (sulphide  of 
sarbon),  to  which  we  might  add  marble  from  the 
Donsiderable  incidental  notice  it  receives.  The 
Btfbonetcd  hydrogens  are  not  studied.  The  physi- 
BaI  and  chemical  properties  of  the  atmosphere  are 
pretty  largely  treated  of,  and  the  phenomena  of 
xmibnstiou,  oxidation  and  reduction,  and  of  the 
liffosion  of  gases.  The  solubility  of  gases  in  liquids, 
Lhe  conversion  of  gases  into  liquids,  and  the  re- 
Donverslon  of  the  latter  into  gases  with  the  attend- 
int  phenomenon  of  the  production  of  great  cold 
ire  also  fUlly  illustrated.  So,  too,  is  the  remark- 
ible  power  of  charcoal  of  absorbing  gaseous  bodies 
ind  withdrawing  substances  from  solution. 

Mr.  Crookes  has  added  an  appendix  of  notes 
Hrhkh  is  ver}*  useful.  It  might  seem,  at  first,  that 
I  studiedly  simple  exposition  ought  to  need  no  ex- 
planations, but  it  must  be  remembered  that  facts 
DDay  be  adduced  to  illustrate  a  point,  and  do  so 
irithout  ambiguity,  at  the  same  time  that  many 
particulars  concerning  them  may  receive  no  atten- 
Aim.    But  thtiise*  facts  after  they  have  served  the 


purpose  for  which  they  were  brought  forward,  may 
still  excite  inquiry  in  the  mind  as  to  other  things 
about  tliem.  Mr.  Crookes'  notes  meet  such  a 
curiosity.  To  both  the  author  and  the  editor  of 
these  lectures  the  friends  of  scientific  education 
must  feel  themselves  indebted. — Scientific  Opinion, 

THE  Soldier's  Pocket-Book  for  Field  Ser- 
vice. By  Colonel  G.  J.  Wolsbley,  Deputy 
Quartermaster  Greneral  in  Canada.  For  sale  by  Van 
Mostraud. 

When,  from  time  to  time,  we  read  of  the  publi- 
cation of  some  military  work  of  instruction,  our  first 
impulse  is  to  look  out  in  the  Army  List  for  a  detail 
of  the  author's  services,  as  we  have  a  natural  re- 
pugnance to  wading  through  volumes  of  theories  by 
men  without  war  experience,  who  can  only  tell  us 
what  they  think  active  service  ought  to  be.  Strange 
to  say,  almost  all  our  military  works  are  by  such 
men.  Many  of  their  books  are  clever,  and  calcu- 
lated to  turn  attention  to  military  subjects,  but  all 
lack  the  clear  ring  of  the  practical  about  every  page, 
bearing  upon  it  unmistakable  evidence  that  what  it 
contains  is  either  a  personal  theory  or  an  extract 
from  some  foreign  author.  Whatever  may  be  the 
shortcomings  of  the  little  handbook  whose  title 
heads  this  article,  it  is,  at  least,  by  one  who  is  en- 
titled to  instruct  us  in  war.  Indeed,  we  know  of  no 
ofiScer  whose  varied  experience  of  active  service 
and  upon  the  stafi*  fits  him  so  well  to  be  the  author 
of  such  a  work.  It  is  intended,  he  tells  us  in  his 
preface,  for  all  three  arms  and  for  men  of  every 
rank;  that  the  information  it  contains  is  the  result 
of  his  o^vn  personal  experience,  and  that  it  is,  there- 
foi-e,  of  an  essentially  practical  nature.  Through- 
out its  pages  there  are  extracts  from  our  military 
regulations.  It  is  a  curious  circumstance  that  there 
is  but  little  in  them  which  is  applicable  to  war.  If 
a  man,  from  some  unknown  country,  were  to  pore 
through  them,  it  is  possible  he  might  imagine  that 
to  "  march  past  in  slow  time  "  was  the  object  for 
which  our  Army  existed.  War  is,  doubtles,  alluded 
to  occasionally,  but  only  as  a  possible  contingency. 
The  consequence  is,  that  when  officers — even  those 
of  many  years'  standing — ^find  themselves  for  the 
first  time  standing  in  front  of  an  enemy,  they  are  at 
a  loss  how  to  act.  When  such  men  are  in  command 
of  regiments,  unless  they  are  of  great  common  sense 
and  sound  judgment,  the  service  must  sufier  from 
their  endeavors  to  carry  out  in  the  field  the  routine 
of  barrack  life,  to  which  noble  (?)  subject  so  much 
space  is  devoted  in  all  our  official  regulations.  Colo- 
nel Wolseley's  handbook  will  be  to  all  such  men  a 
vade  mecum  of  great  value. — jinny  if  Navy  Gazette. 

OFFICIAL  Railway  Manual  of  the  Railroads 
OF  North  America  for  1869-'70;  showmg 
their  Financial  Condition,  Mileage,  Cost,  Earnings, 
Expenses  and  Organizations;  together  with  a  List 
of  the  Railroads  of  the  M'orld.  Compiled  from 
Returns  furnished  by  the  Companies.  By  James 
H.  Lyles,  of  Lindsay.  Walton  &  Co.,  60  and  58 
John  street,  New  York. 

This  is  a  complete  directory  in  everything  relat- 
ing to  the  Railways  of  the  United  States.  It  con- 
tains, besides  a  full  statement  of  the  finances  and 
engineering  particulars  of  each  road,  full  lists  of  the 
directors  and  all  officers,  statements  of  the  rolling 
stock  and  locations  of  the  shops,  information  as  to 
the  election  of  directors,  and  a  great  deal  of  miscel- 
laneous hiformation  of  value  to  persons  in  any  way 
interested  in  railway  matters. — jim^can  jirtizan. 
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Propbllse  versos 
London :  J.  Had- 


Pm    BuTHTEN   Htdbavlio 
Tax  ScBEw  JLXD  Paddls. 
4kMI  It  Co. 

This  pamphlet;  which  the  author  has  been  too 
»odcrt  to  own,  proceeds  from  the  ^'Ruthven  Hy- 
tamlic  Propeller  oflSce/'  and,  as  might  beexpectcd, 
li  davoCed  to  the  task  of  proving  that  the  Ruthven 
propeller  is  the  best  method  of  propulsion  in  exist- 
•■oe.  In  order  to  accomplish  this  feat  it  has  to  be 
dtamoiiiirated  that  the  A^iralty  experiments  with 
tte  hydranlic-propelled  Waterwitch  and  the  screw 
els  Viper  and  Vixen  were  erroneous.  This  is 
bj  asserting  that  in  the  Waterwitchy  at  the 
I  of  the  trials  there  was  an  enormous  leakage 
«f  tteam,  although  Mr.  Murray  could  not  discover 
tfc.  Considering  the  eminence  of  Mr.  Murray  in  his 
piofoMion,  and  also  that  the  engines  were  one  of 
Jf r.  Dudgeon's  best  jobs,  ft  requires  a  considerable 
of  credulity  to  accept  the  assertions  con- 
l  in  this  pamphlet.— rA<  Jrtizan, 

ATsxATiSB  ON  Rope  Making,  as  Practiced  in 
Private  and  Public  Rope  Yards;  with  a 
Deecription  of  the  Manufacture,  Rules,  Tables  of 
Weights,  etc.,  adapted  to  the  Trade,  Shipping, 
Xiniog,  Railways,  Builders,  etc.  By  Robert 
Cbapman,  formerly  Foreman  to  Messrs.  Iluddart 
9l  Co.,  Limehouse,  London,  and  Master  Rope- 
maker  of  H.  M.  Dockyard,  Deptford.  Revised 
edition.  Philadelphia :  Henry  Carey  Baird,  406 
Walnut  street.     1869.    Price  $1  50. 

Besidefl  containing  calculations  and  other  Infor- 
mation indispensable  to  the  practical  rope-maker 
wbo  desires  to  thoroughly  understand  his  business, 
this  little  book  contains  much  that  should  be  known 
In  the  various  trades  and  professions  in  which  cord- 
age is  used. — Jimerican  Jlrtizan. 

THE  Mechanic.  Vol.  1,  No.  1.  New  York.  C. 
Rogers  &  Co.,  229  Broadway. 
This  a  new  weekly  containing  some  do^n  pages 
of  matter  and  many  wood  cuts.  The  prospectus 
■ays:  "  That  such  a  publication  is  required  may  be 
Been  from  the  fact  that,  by  the  census  of  1860,  there 
were  not  less  than  140,433  manufacturing  establish- 
ments in  the  country,  employing  1,811,246  persons, 
of  whom  1,040,349  were  males.  Judging  firom  the 
mimber  of  applications  for  patents  there  must  be 
ftom  75,000  to  100,000  active  inventors  in  the 
coontrj,  most  of  whoso  improvements  are  specially 
adapted  to  manufacturing  processes  and  products.'' 

THE  Milling  Journal  and  Corn  Exchange 
Review.    Now  York :  J.  Q.  Nolan  &  Co.,  95 
Liberty  street.    June,  1869. 

This  monthly  Journal  has  been  enlarged  and  im- 
proved, and  ought  to  be  read  with  interest,  we 
think,  by  all  men  in  the  department  specially  ap- 
pealed tO|  and  by  artizans  in  general. 

THE  Report  of  the  State  Engineer  o?  New 
York  on  Railroads  por  1868. — We  have  in 
previous  numbers  of  this  Magazine  quoted  in  i\ill 
Mr.  Sweet's  able  article  on  the  manufacture  and 
endurance  of  iron  and  steel  rails  and  on  permanent- 
way  in  general.  Probablv  no  governmental  paper 
eontaining  so  much  practical  knowledge  of  the  re- 
quirements of  modem  permanont-way,  has  cvor 
been  given  to  the  profesdion.  But  this  treatise  is 
a  very  small  part  of  the  State  report.  The  partic- 
ulars of  cost,  management  and  working,  for  all  the 
roads,  are  given  in  great  detail. 


MISCELLANEOUS. 

COAL  Mine  Disasters  in  the  United  States.— 
The  more  important  recent  disasters  are  thus 
recapitulated  in  the  "  New  York  Times  "  : 

In  five  years,  there  have  been  but  six  accidents 
worthy  of  mention,  apart  from  the  one  which  has 
just  occurred;  and  two  of  these  are  of  a  nature  not 
peculiar  to  mining.  Thus,  at  Phoenix  Colliery, 
Schuylkill  Haven,  on  the  28d  July.  1864,  while  a 
car  loaded  with  miners  was  being  drawn  up  the  in- 
cline, the  chain  broke,  the  car  was  precipitated 
doif^nward,  and  the  twenty -one  occupants  of  the  car 
were  killed.  In  July  of  the  following  year  a  flood 
occasioned  by  rain  imprisoned  the  men  employed  in 
a  coal  mine  at  Mahoning,  Ohio,  fVom  Friday  till 
Wednesday;  they  were  rescued  by  drilling  another 
shaft.  On  the  8d  April,  1867,  an  explosion  fired 
the  Clover  Hill  Mine,  Pennsylvania,  and  about 
seventy  miners — all  that  were  at  work — perished. 
In  this  case  there  were  two  shafts,  both  of  which 
were  closed  with  the  view  of  controlling  the  fire. 
In  November  of  the  same  year  Pine  Ridge  Colliery, 
near  Wilkesbarre,  was  closed  to  extinguish  fire- 
damp ;  when  opened,  after  some  days,  an  explosion 
took  place.  At  Diamond  Mine,  Scranton,  in  March, 
1868,  twelve  men  were  killed  by  the  breaking  of  a 
hoisting  chain.  The  next  casualty  of  which  we 
have  any  record  occurred  eleven  or  twelve  days  ago 
in  the  Pine  Ridge  Colliery,  in  the  Wilkesbarre 
neighborhood.  An  explosion  of  fire-damp  gave 
rise  to  the  fire  at  the  entrance  of  the  mine,  in 
which  thirty  men  were  at  work.  Their  extrication 
alive  would  seem,  fVom  the  published  statements, 
rather  the  result  of  Providential  incidents  than  of 
any  help  which  man  was  enabled  to  render. 

And  now  comes  the  greatest  calamity  of  all — the 
fire  in  the  Steuben  Mine,  and  the  almost  certain 
suffocation  of  more  than  two  hundred  miners.  In 
this  instance  it  is  believed  that  fire  was  commnni- 
ceted  ftom  the  ventilating  fUrnacc  to  the  wood- 
work at  the  bottom  of  the  shaft;  the  flames 
rushed  upward  with  fright(\il  velocity,  and  at  tho 
surface  reached  a  mass  of  wooden  buildings,  which 
no  effort  could  save.  Burning  timbers  and  rub- 
bish soon  filled  the  shaft,  and,  as  no  second  outlet 
had  boon  provided,  the  fate  of  all  in  the  mine  ap- 
pears as  certain  as  it  is  horrible.  When  at  length  a 
passage  was  obtained,  it  was  only  to  find  the  acces- 
sible part  of  the  mine  filled  with  poisonous  gases. 

AvELiNG  &  Porter's  Steam  Plows  and  Steasc 
Road  Rollers. — ^At  Beauvais,  France,  June 
80th,  Messrs.  Aveling  &  Porter,  of  Rochester  Eng- 
land, and  48  Exchange  Place,  N.  Y.,  exhibited 
their  Steam  Road  Roller  and  their  Steam  Plow. 
The  Emperor  and  Empress  of  the  French  were 
present  and  devoted  an  hour  to  the  examination  of 
Messrs.  Aveling's  machinery.  The  Emperor  ex- 
pressed himself  highly  gratified  with  tho  various 
machines  and  presented  Messrs.  Aveling  with  a 
gold  medal  fbr  their  Steam  Road  Roller,  and  an- 
other gold  medal  for  their  steam  plowing  machinery, 
which  at  the  special  request  of  the  Emperor  plowed 
up  a  portion  of  the  highway,  and  without  breaking 
any  part  of  the  machinery. 

WOODEN  Gas  Pipes.— A  firm  !n  Oshkosh,  Wis- 
consin, has  oontraoted  to  make  1,000,000  ft. 
of  wooden  tubes  to  lay  down  in  that  city  for  gia 
pipes.  They  are  made  of  timber  6  in.  squarOj  bo^ 
in  the  same  way  as  pump  barrels. 
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WOODEM  AND  CONCBETE  PaVEHEMTS. — Mr.  Ja- 
lius  W.  Adams,  Chief  Engineer  of  the  Water 
«id  Sewerage  Cummistfion,  Brooklyn,  recently 
made  the  following  report  to  the  Board,  which  wu» 
adopted  : 

"  The  Nicolson  pavement  is  too  well  known  to 
seqnire  comment.  It  is  exU^nding  in  use  in  the 
'Western  cities,  and  although  from  the  nature  oi 
Ihe  material,  it  cannot  be  ej^pccted  to  lat»t  as  long 
m  atoue,  yet  its  other  acknowledged  advantages 
commend  themselves  to  a  large  class  of  our  citi- 


The  A.  Miller  pavement  possesses,  in  my  opinion, 
peculiar  advantages  over  the  KicoU<ou,  as  will  be 
ezpiained  more  particularly  and  at  length  hereafter^ 
and  I  think  the  Board  will  be  justified  in  adopthig 
ity  whenever  they  may  have  determined  to  use 
troodeii  pavement,  as  being  equal  at  least  to  the 
SioolaoD. 

The  McKenzie  pavement  has  some  merit,  but  it 
haa  some  of  the  defects  of  the  Nicolson  to  a  greater 
degree  than  tlie  latter,  which  may  prove  in  practice 
to  Gonuterbalanco  its  other  advantages.  A  prac- 
tical test  is  needed  before  its  claims  to  being  an  im- 
proTement  on  tlie  first-named  pavements  can  be 
admitted. 

The  Williams  pavement  has  an  advantage  in  that 
U  ia  prepared  to  be  laid  on  a  bed  of  concrete.  It 
comprises  in  fact  the  concrete  and  wooden  pave- 
ments, with  a  consequently  increased  cost.  The 
merit  claimed  in  the  key  of  bituminous  concrete  is 
a  fallacy,  in  my  judgment,  and  is  so  far  an  experi- 
ment that  until  tested  in  practice  I  could  not  re- 
commend the  adoption  of  the  plan  by  the  Board. 

The  Miller  pavement,  with  inclined  blocks,  ex- 
perience has  shown  to  be  inferior  to  plans  with  the 
giUss  placed  vertically,  and  is  probably  the  least  to 
B  commended  of  any  plan  submitted  to  the  Board. 

Of  the  concrete  pavements  I  have  no  evidence 
that  either  the  Fiske  or  the  Scrimshaw  has  any  ad- 
Tantages,  the  one  over  the  other.  This  pavement 
is  extending  abroad,  but  it  has  the  merit  in  France 
of  being  composed  of  the  native  asphalt,  which  is 
ziot  found  in  our  country;  and  the  imitations  of  it, 
composed  of  tar  and  gravel,  it  is  known  are  very 
inferior  to  the  native  material .  Laid  on  the  pres- 
ent cobble  pavement,  pn)i>erly  repaired,  it  may 
give  good  results.  The  Iloyt  pavement  is  a  mere 
experiment,  and  iK)6sesses  no  merit  that  I  can  |>er- 
ceivo  over  the  Fiske  or  Scrimshaw.  Neither  of 
this  nor  of  the  remaining  plans  submitted  have  I 
sufficient  evidence  before  me  to  justify  my  rewm- 
mendiog  them  to  the  Board  at  this  time.'' 

Dufeeestial  Pulley  Blocks.— Messrs.  Tangye 
Brothers,  Cornwall  Works,  Smethwick,  pro- 
duce in  largo  quADtities,  as  a  special  branch  of 
maunfacture,  Weston's  different ial  pulley  blocks, 
of  which  since  18o9  net  less  than  30,000  have  been 
turned  out  here.  These  are  the  only  pulley  blocks 
yet  made  in  which  the  weight  is  supported  with- 
out risk  of  running  down  while  the  cord  or  chain 
ia  haiighig  loosely.  The  multiplication  of  power 
also  can  be  carried  to  almost  any  extent  with  an 
exceedingly  small  amount  of  friction.  These 
blocks,  besides  their  extensive  use  in  all  ware- 
houses and  manufactories,  have  found  several 
special  applications.  While  recovering  from  his 
illness  in  lb65,  the  King  of  the  Belgians  was  accus- 
tomed to  ascend  from  one  fioor  of  his  palace  to 
another  by  means  of  these  blocks,  a  susiiended 
conch  being  provided,  IVom  which  his  Majesty, 


with  very  slight  exertion,  could  raise  or  lower 
himself  at  pleasure.  In  a  note  to  the  inventor, 
General  Garibaldi  recommended  their  use  for  re- 
mounting artillery  thrown  down  on  the  battle  field. 
The  watchman  on  the  lofty  fire  observatory  at 
Hodges'  Distillery,  in  London,  raises  himself  easily 
and  rapidly  to  a  height  of  135  ft.  At  an  abutloirf 
near  Brussels,  120  pairs  are  used  iu  hoisting  and 
hanging  the  carcasses  of  the  slaughtered  leasts. 
Prince  Napoleon  in  person  purchased  a  i>air  at  the 
Battersea  Agricultural  Show  for  use  on  board  his 
yacht.  In  Borneo  they  are  attached  to  trees  over- 
I  hanging  the  coast,  for  loading  vessels.  They  are 
also  largely  used  in  Cornish  muics.  They  suspend 
chandeliers  in  public  saloons.  They  are  fitted  on 
board  the  Koyal  Oak  and  the  other  iron-clad 
steamers.  They  litt  the  top  of  wagonettes  and 
coach-houses,  and,  in  short,  wherever  lifts  are  re- 
quired with  complete  security  in  raising  and  lower- 
ing, the  differential  pulley  blocks  are  employed 
with  obvious  advantage. — Cor.  Engineer, 

1'he  Patent  Laws. — Resolutions  were  recently 
passed  by  the  Inventors'  Institute  of  Great 
Britain,  to  the  following  efiect :  that  the  inventor 
was  entitled  to  remuneration  for  his  labor,  expen- 
diture and  skill  as  much  as  the  author  or  artist  to 
copyright  for  his  book  or  work  of  art ;  that  capital 
would  not  be  embarked  in  promoting  inventions 
I  unless  profitable  return  for  such  capital  is  assured 
by  the  oi>eration  of  law,  such  as  is  done  by  the  ex- 
isting patent  law ;  that  a  good  system  of  patent 
law  tends  to  foster  the  trade  and  industry  of  the 
country,  and  to  maintain  its  industrial  position 
against  the  active  pressure  of  foreign  competition; 
that  working  men  are  especially  interested  in  sup- 
porting the  present  law,  by  which  they  can  not 
only  safely  exhibit  their  inventions  in  public,  but 
reap  the  fruits  of  improved  education  and  increased 
application  of  inventions. 

SHIPPING  OF  Great  Britain — In  the  year  1868, 
the  iegi.stered  shipping  of  the  UnitA^d  Kingdom 
(exclusive  of  river  steamers)  employed  in  our  home 
and  foreign  trade,  comprised  the  unprecedented 
number  of  22,250  vessels  of  6,616,484  tons,  employ- 
ing 197,502  men,  exclusive  of  masters,  viz:  20,526 
sailing  vessels  of  4,091,820  tons,  employing  158,840 
men,  and  1,725  steam  vessels  of  824,014  tons,  em- 
ploying 43,062  men.  At  the  end  of  the  year  there 
stoiKi  registered  as  belonging  to  the  United  King- 
dom 2«,444  vessels  of  6,780,530  tons,  viz :  25,500 
sailing  ve.ssels  of  4,878,286  tons,  and  2,944  steam 
vessels  of  902,297  tons.  This  is  the  hlght^t  ton- 
nage ever  recorded.  There  was  built  and  registered 
in  the  United  Kingdom  in  1868,  879  sailing  vessels 
of  800,477  tons,  and  232  steam  vessels  of  79,096 
tons. 

WAVE  Power. — An  engineer  of  New  York  pro- 
poses to  employ  the  waves  of  the  ocean  as  a 
motive  power  for  running  mills,  factories,  &c.  His 
plan  is  to  build  on  the  beach  (at  Long  Branch. 
Kockaway,  or  elsewhere)  a  dyke  several  hundred 
feet  in  length,  against  which  the  ^-aves  of  old  ocean 
are  privilegi'd  to  break  as  wildly  as  they  will,  but 
are  not  to  bo  allowed  to  recede.  In  the  sea  fhco  of 
the  dyke  are  the  ojHjnlngs  of  conduits  which  con- 
duct tlie  water  to  a  reservoir  within  the  dyke.  A 
canal  from  the  reservoir  re-conducts  the  water,  by 
a  circuitous  route,  to  the  ocean,  to  turn  on  its  way 
the  wheels  of  as  many  mills  as  can  be  boUt  on  thg 
oaoal  bonks. 
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BOILER  EXPLOSIONS. 

ON      THE      OVBRHEATINQ      OF      FURNACE 
CROWNS    AND    OTHER    BOILER    PLATES 
.     WHEN   OOVERED   WITH   WATER. 

B«port  of  Mr.  Flxtchxr,  Engineer  to  the  Manohea- 
ter  Steam  Users*  AssoeUtion. 

From  **  The  Engineer." 

Every  one  at  all  conversant  with  the 
working  of  boilers  is  aware  that  when  they 
are  allowed  to  run  short  of  water,  the  fur- 
nace crowns  are  apt  to  become  overheated, 
the  plate  to  be  bulged  downwards  or  other- 
wise distorted  by  the  pressure  of  the  steam, 
and  in  many  cases  to  be  rent,  from  which 
oanse  explosions  frequently  arise.  This  is 
admitted  on  all  hands,  and  the  rationale  is 
00  simple  that  the  whole  must  be  at  once 
apparent. 

It  is  not,  however,  by  any  means  so  gene- 
rally known  that  furnace  crowns  may  be 
overheated  and  bulged  out  of  shape — suffi- 
ciently 80  in  some  cases  to  cause  an  explo- 
sion—even when  they  are  covered  with  an 
ample  supply  of  water.  Such,  however,  is 
unquestionably  the  fact,  and  I  wish  specially 
to  call  attention  to  the  subject  on  the  present 
occasion. 

Overheating  of  boiler  plates  when  covered 
with  water  has  been  found  to  arise  from  two 
oauses— one,  the  too  local  action  of  an  in- 
tense fire,  the  other  the  character  of  the 
feed-water. 

Injury  from  intense  firing  sometimes 
occurs  to  boilers  heated  by  the  flames  pass- 
ing off  from  separate  furnaces  constructed 
of  fire  brick,  as  in  the  case  of  puddling  fur- 
naces at  iron  works,  when  the  flames  are  too 
frequently  allowed  to  impinge  directly  upon 
the  boiler,  in  consequence  of  which  steam  is 
Vol.  I.— No.  11.— 63. 


generated  so  rapidly  that  the  water  is  driven 
off  from  the  plates,  and  overheating  ensues. 
This  is  more  especially  the  case  where  the 
heating  surface  is  a  vertical  one,  so  that  the 
steam  on  rising  forms  a  separate  film  be- 
tween it  and  the  water.  Two  explosions 
resulting  from  this  cause  may  be  referred 
to.  One  of  these  occurred  at  an  iron  works 
on  the  9th  of  February,  1865,  to  an  exter- 
nally fired  boiler  of  the  upright  furnace 
class,  heated  by  the  flames  passing  off  from 
two  puddling  furnaces,  as  well  as  from  a 
large  fire  grate.  The  particulars  of  this 
explosion  were  given  in  the  Association's 
"Monthly  Report"  for  February,  1865. 
Another  explosion  of  a  similar  character 
occurred  on  the  7th  of  February,  1866,  to  a 
plain  cylindrical  egg-ended  boiler,  heated 
by  the  flames  passing  off  from  a  mill  furnace 
at  a  works  employed  in  the  manufSeicturo  of 
angle  iron.  Details  of  this  explosion  will 
be  found  in  the  Association's  ''Monthly 
Report "  for  February,  1866. 

It  is  desired,  however,  on  the  present 
occasion  to  call  attention  more  especially  to 
those  cases  in  which  overheating  of  the 
plates,  whether  in  externally  or  internallv 
heated  boilers,  has  occurred  simply  through 
the  character  of  the  feed-water,  and  not 
from  any  peculiarity  in  the  mode  of  firing. 
The  feed-water  which  is  found  to  be  more 
particularly  productive  of  overheating  is 
highly  impregnated  with  carbonate  of  lime. 
It  forms  but  little  scale,  and  that  seldom 
thicker  than  an  egg  shell,  though  perhaps 
in  some  cases  it  may  be  nearly  equal  to  one- 
eighth  of  an  inch.  It  deposits,  however,  a 
good  deal  of  fine  flour  or  dust,  which  is 
generally  of  a  lightish  color.  As  this  dust 
is  quite  loose,  a  good  deal  of  it  is  floated 
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^yiisled  repaira  had  taken  place  in  conse- 
«MII06.  The  plates  over  the  fires  had  heen 
fidmi  ottt  and  renewed  with  those  of  Low- 
nr  iron,  which  had  every  appearance  of 
_  of  first-rate  quality.  Also  each  of  the 
fbnwee  crowns  had  heen  lashed  to  the  top 
•f  the  shell  by  three  vertical  stay  rods,  but 
Hm  plates  persisted  in  bulging  downwards 
■oCwithstanding,  and  came  down  between 
and  all  round  the  points  of  support,  as  will 
lie  seen  on  consulting  the  accompanying  cut, 

Fig.  1. 

Fio.  1.  Transverrb  Skction. 


Under  these  circumstances  I  was  request- 
ad  to  examine  the  boiler  and  advise  the 
owners  as  to  what  had  better  be  done.  Im- 
mediately on  drawing  off  a  little  water  from 
the  glass  water  gauge  I  attributed  the  in- 
jury that  had  occurred  to  the  furnace  crowns 
to  the  fine  deposit  contained  in  the  feed- 
water,  and  recommended  a  scum  trough  for 
blowing  out  from  the  surface  of  the  water, 
in  order  to  rid  the  boiler  of  this  deposit.  In 
answer  to  inquiries  the  owners  did  not  think 
they  were  admitting  any  grease  to  the 
boiler,  and  had  such  confidence  in  the  feed- 
water,  which  appeared  so  clear  before  it  was 
pumped  into  the  boiler,  that  I  was  unable 
to  persuade  them  to  adopt  the  simple  expe- 
dient of  a  surface  blow-out  apparatus.  One 
cause  after  another  was  assigned  for  the 
injury,  and  it  was  supposed  that  as  the 
boiler  was  worked  night  and  day,  that  the 
water  supply  had  been  allowed  to  run  short 
at  night  time,  and  that  the  deflection  of  the 
plates  was  due  to  a  series  of  minor  neglects 
of  this  character.  On  one  occasion  the 
owners  felt  sure  they  had  at  last  detected 
the  source  of  the  mischief.  They  discovered 
that  the  fireman,  anxious  to  get  away  quickly 
on  the  Saturday  evening,  had  started  to  blow 
off  his  boiler  before  he  raked  out  the  fires, 
in  oonsequonco  of  which  the  furnace  crowns 


were  laid  bare  with  the  fires  still  in,  and 
thus  becnme  overheated.  In  confirmation 
of  this  it  was  stated  that  it  had  been  fre- 
quently observed  on  setting  to  work  on 
5londay  mornings,  that  these  deficctions  had 
been  increased,  so  that  the  chain  of  evidence 
was  supposed  to  be  complete.  It  was  soon 
found,  however,  that  the  bulging  was  too 
persistent  to  be  accounted  for  in  this  way, 
and  the  owners,  rather  than  adopt  the  sim- 
ple expedient  of  putting  in  a  scum  trough 
for  blowing  out  the  deposit,  which  there  is 
little  doubt  would  have  remedied  the  evil, 
resolved  on  condemning  the  boiler  altogether 
and  on  putting  in  a  new  one. 

The  new  boiler  was  of  larger  dimensions 
than  the  old  one,  the  diameter  being  7  ft.  in 
the  shell  instead  of  6  ft.  6  in.,  and  2  ft.  7^ 
in.  in  the  furnace  tubes  instead  of  I  ft.  10| 
in.,  while  the  tubes  were  strengthened  at 
the  ring  seams  of  rivets  with  encircling 
hoops,  which  had  not  been  the  case  in  the 
old  boiler.  With  this  new  boiler,  though 
not  fitted  with  a  surface  blow-out  apparatus, 
the  same  difficulty  was  not  experienced  as 
with  the  old  one,  which  arose  from  the  fact 
that  the  superior  size  of  the  new  boiler 
enabled  it  to  do  its  work  more  easily  than 
the  other,  and  thus  with  more  gentle  firing. 
As  long,  however,  as  the  feed  is  of  the  same 
character  as  it  was  in  the  other  boiler,  the 
same  tendency  remains,  and  it  will  only  be 
necessary  to  make  the  new  boiler  do  as  much 
work  for  its  size  as  the  old  one  did  to  lead 
to  the  furnace  crowns  being  again  disturbed, 
though  doubtless  they  would  derive  consid- 
erable assistance  from  the  encircling  hoops, 
so  that  but  little  bulging  of  the  plates  might 
take  place,  though  leakage  would  occur  at 
the  seams  of  rivets. 

In  this  case  the  water  was  not  analyzed, 
as  it  was  on  subsequent  occasions,  but  it 
may  be  stated  that  it  left  a  fine  fioury  de- 
posit of  a  very  similar  character  to  the  cases 
mentioned  below,  and  which  wore  found  to 
consist  of  from  70  to  80  per  cent  of  carbon- 
ate of  lime. 

No.  2.  Another  very  similar  case  of  the 
failure  of  furnace  crowns  was  met  with  in 
May,  1866.  It  occurred  in  the  neighbor- 
hood of  London,  to  a  Cornish  boiler  fed  with 
the  New  River  Company's  water. 

This  boiler,  I  was  informed,  had  failed  at 
the  furnace  crowns,  and  repeated  repairs 
been  resorted  to.  These,  however,  had  such 
little  effect  that  one  boiler  after  another  had 
been  laid  down,  till  some  three  or  four  boil- 
ers had  been  ruined  in  the  course  of  three 
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ioo  given  And  remedj  proposed.  Time  show- 
d  that  oTorheating  did  not  reour,  and  the 
toilers  worked  on  without  further  trouble. 

Tke  following  is  an  analysis  of  the  deposit 
>raed  within  these  boilers,  and  which,  I 
«lieve,  was  taken  from  them  before  the 
rrangement  for  heating  the  feed  bj  the 
Khaust  steam  was  given  up,  so  that  at  that 
ine  grease  was  admitted : 

Carbonate  of  lime 76.26 

Sulphate  of  lime 10.02 

Carbonate  of  magnesia 8.78 

Oxide  of  iron  and  alumina 47 

IiMolnble  matter  (sand,  Bus.) 2.68 

Organic  matter 2.79 

100.00 

N.  B. — This  sediment  was  a  white  powder 
ad  ameled  of  tallow.  Bj  digestion  with 
ther,  grease  was  extracted  and  collected. 

The  following  is  another  analysis  of  the 
ieposit  taken  from  these  boilers  subsequently 
o  tke  last  specimen,  and  after  the  practice 
t  heating  the  feed-water  with  the  exhaust 
team  had  been  discontinued,  when  the 
K>ilers  were  fed  with  cold  water : 

Carbonate  of  lime 84.10 

Salphateoflime 2.25 

Carbonate  of  magnesia 8.78 

Oxide  of  iron  and  alumina 1.41 

Insoluble  matter  (sand,  &e.) 1 .98 

Organic  matter 1.53 

100.00 

N.  B. — The  organic  matter  did  not  con- 
iain  greasOb 

It  will  be  observed  the  grease  was  de- 
leted when  the  feed-water  was  heated  by 
ike  exhaust  steam,  but  not  after  that  prao- 
iee  was  discontinued. 

In  addition  to  the  above,  further  analyses 
vere  made  at  a  later  date,  both  of  the  fine 
loniy  deposit  and  of  the  scale : 

Floury  Deposit. 

Carbonate  of  lime 80.00 

Salphateoflime 6.08 

Carbonate  of  magnesia 12.44 

Oxide  of  iron  and  alumina 98 

Sand,  &c 50 

100.00 

SCALS. 

Carbonate  of  lime 77.40 

Salphateoflime 9.52 

Carbonate  of  magoiesia •     10.90 

Oxide  of  iron  and  alumina 1  .^ 

Sand  &c 96 

100.00 


The  following  is  an  analysis  of  the  water 
with  which  these  boilers  were  fed : 

The  total  solid  matter  left  on  evaporating 
a  portion  of  the  water  amounted  to  45. 15 
grains  per  gallon.     This  consisted  of — 

Grains 
per  gallon. 

Carbonate  of  lime 28.75 

Sulphate  of  lime 1.57 

Sulphate  of  soda 4.88 

Common  salt 2.68 

Carbonate  of  magnesia 5.18 

Organic  matter  uid  loss 2.69 

40.15 

Note. — The  carbonates  of  lime  and  mag- 
nesia are  kept  in  solution  by  the  presence  of 
free  carbonic  acid.  If  this  is  neutralized 
by  the  addition  of  lime,  a  portion  is  precipi- 
tated. By  this  means  nearly  one-half  the 
total  matters  in  solution  may  be  removed. 
Also  in  boiling  the  water,  before  evapora- 
tion commences,  a  portion  is  precipitated. 

From  the  above  analyses  the  high  propor- 
tion of  carbonate  of  lime  will  he  seen  in 
each  case: 

Analytia  No.  1  gave— Carbonate  of  lime .  •  •  •  75.98 
No.  3  gave— Carbonate  of  lime. . . .  84.10 
No.  3  fave— Carbonata  of  lime ....    SD.OO 

Meanretult 79.76  per  cent. 

From  this  it  appears  that  the  mean  result 
was  nearly  equal  to  80  per  cent  of  carbon- 
ate of  lime  contained  in  the  fine  floury  de- 
posit. 

It  should  be  added  that  at  the  same  eol- 
liery  there  was  another  range  of  plain  cylinF 
drical  externally  fired  boilers,  which  had 
been  working  for  a  number  of  years  without 
failing  as  the  new  ones  had  done.  The 
manager,  therefore,  pointed  to  this  fact  in 
support  of  his  view  that  the  new  boilers 
were  at  fault  and  not  the  feed-water,  since 
the  feed-water  appeared  to  him  to  be  as 
good  in  one  case  as  in  the  other.  To  settle 
this  question  an  analysis  was  made  of  the 
water  with  which  the  old  range  of  boilers 
were  fed,  as  well  as  of  the  deposit  formed 
within  them,  in  order  that  a  comparison 
might  be  instituted,  when  the  following  was 
found  to  be  the  result : 

SiDnnorr. 

Carbonate  of  lime 22.00 

Snlphateoflimo 68.78 

•Magnesia 14.07 

Oxide  of  iron  and  alomina 09 

Sand,  &c i)6 

100.00 


*This  would  be  equivalent  to  20.17  carb.  magnesia. 
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addition  the  feed-water  was  heated  by  the 
teliaost  steam  from  the  engines,  and  thus 
ekarged  with  grease.  Though  a  surface 
blow-ont  apparatus  was  fixed  to  these  boilers, 
It  was  quite  neglected,  the  connection  be- 
tween the  internal  collecting  trough  and  the 
•enm  tap  being  broken  off,  so  that  it  was 
rendered  useless,  while  the  boilers  altogether 
hmd  been  very  carelessly  looked  after. 
Tbeee  facts  were  faithfully  reported  to  the 
manager  of  the  works,  coupled  with  the  re- 
.  eonunendation  that  the  practice  of  heating 
Ike  feed-water  by  the  injection  of  the  ex- 
baost  steam  should  be  at  once  discontinued. 
Bat  this  view  of  the  case  by  no  means  proved 
aeeeptable.  The  manager  was  resolved  to 
Ittve  the  boilers  condemned,  and  not  their 
treatment,  or  that  of  the  feed-water.  The 
following  analysis,  however,  of  the  feed- 
water  and  sediment  formed  by  it,  shows  how 
similar  they  were  in  character  to  the  previ- 
ous cases  referred  to : 

Sediment. 

Carbonate  of  lime 84.210 

Sulphate  of  lime 1.447 

Carbonate  of  magnesia 8.991 

Iron-peroxide,  alumina 1.811 

Silica-sand 1.441 

Hoisture  and  volatile  matter. . . .  7.100 

100.000 


N.  B. — The  volatile  matter  seemed  to  be 
of  an  oleaginous  nature,  and  could  not  well 
be  estimated. 

Grains 
Water.  per  gallon. 

Carbonate  of  lime 11.228 

Sulphate  of  lime 8.840 

Carbonate  of  magnesia 2.224 

Chloride  of  sodium 2.460 

Silica 650 

Total  residue,  20.440.  Hardness  before 
boiling,  13.5^.   Hardness  after  boiling,  4.5^. 

N.  B. — The  water  was  clear,  slightly  acid, 
and  contained  but  a  trace  of  iron.  It  has 
no  particular  solvent  action  on  iron. 

Looking  at  the  above  analysis,  there  can 
be  no  question  that  the  character  of  the 
feed-water  and  the  introduction  of  grease, 
coupled  with  the  practice  of  allowing  the 
sediment  to  accumulate  in  large  quantities 
in  the  boilers,  was  the  cause  of  the  injury 
to  the  furnace  crowns,  as  in  the  cases  previ- 
onaly  referred  to ;  while  it  may  be  added  in 
eonnrmation,  that  after  examining  these 
boilers  I  was  informed  that  one,  if  not  more, 
of  the  fusible  plugs  had  been  blown  out, 
though  covered  with  water  at  the  time,  which 
ifl  a  clear  evidence  that  overheating  had 


taken  place.  Trying,  however,  as  the  feed- 
water  was  in  this  instance,  the  injury  to  the 
furnace  crowns  would  h%ve  been  materially 
reduced,  and  probably  avoided  altogether, 
had  the  apparatus  for  blowing  out  from  the 
surface  of  the  water  been  kept  in  good  order 
and  regularly  used. 

It  may  also  be  stated  that  at  the  time  of 
my  visit  I  strongly  urged  that  the  boilers 
should  be  gently  fired,  since,  under  the  cir- 
cumstances, hard  firing  might  bring  the  fur- 
nace crowns  down  in  two  hours.  I  had  but 
just  returned  to  Manchester  when  the  man- 
ager wrote  me  that  another  of  the  boilers 
had  failed  at  the  furnace  crowns,  and  the 
works  in  consequence  were  at  a  standstill. 
Hard  firing  is  an  important  element  in  these 
cases  of  injury  to  furnace  crowns  with  waters 
containing  this  fine  floury  deposit. 

No.  5.  The  fifth  case  which  may  be  re- 
ferred to,  occurred  in  Sunderland,  to  a  boiler 
of  the  patent  double-furnace  conical  water 
tube  class,  and  my  attention  was  called  to  it 
in  January,  1868.  This  boiler  had  been 
found  to  fail  repeatedly  at  the  plates  and 
seams  of  rivets  in  the  furnaces,  in  conse- 
quence of  which  frequent  repairs  had  been 
had  recourse  to,  and,  supposing  that  the  in- 
jury to  the  boiler  was  due  to  expansion  of 
the  parts,  and  to  too  much  rigidity,  a  hoop 
of  bridge  rail  or  horse-shoe  section  had  been 
worked  out  of  Lowmoor  iron,  and  introduced 
at  one  of  the  ring  seams  of  rivets  in  each  of 
the  furnaces,  in  order  to  give  elasticity. 
This,  however,  proved  of  no  avail,  the  fur- 
naces again  gave  trouble  and  bulged  inwards, 
when  some  strong  stays,  lashing  the  furnaces 
to  the  shell,  were  put  in,  somewhat  as  in  the 
case  of  No.  2,  and  as  illustrated  in  Fig.  I. 

At  this  juncture  the  owner  of  the  boiler, 
who  was  a  corresponding  member  of  this  As- 
sociation, saw  me  with  regard  to  it,  and 
from  his  sketch  of  the  shape  in  which  the 
furnaces  had  given  way,  the  case  appeared 
very  similar  to  those  already  mentioned, 
while  it  turned  out  on  inquiry  that  the  feed- 
water  contained  a  good  deal  of  carbonate  of 
lime,  and  that  it  was  heated  by  the  exhaust 
steam,  and  thus  received  the  engine  sewage. 
I  laid  the  facts  of  the  previous  cases  before 
the  owner  of  the  boiler,  and  on  his  return 
he  had  the  feed  water  changed,  when  the 
bulging  of  the  furnace  crowns  ceased,  while, 
it  may  be  added,  that  ho  found  on  reference 
that  the  difficulty  with  the  furnace  crowns 
had  commenced  with  the  use  of  the  feed- 
water  in  question,  so  that  this  afforded  a 
double  ^roof  of  tbe  cause  of  the  injury. 
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his  day  without  giying  further  trouble,  and ' 
iromises  to  do  so  for  the  next  seven  years. 

The  following  is  an  analysis  of  the  sedi- 
ment, from  which  it  will  be  seen  that  car- 
lonate  of  lime  is  the  predominating  ingre- 
lientf  though  it  does  not  form  so  large  a 
«roentage  as  it  did  in  the  previous  cases, 
rliich  it  is  interesting  to  notice  in  connec- 
ion  with  the  fact  that  in  this  boiler  the  fur- 
laee  plates  were  not  bulged,  but  merely 
irsined  at  the  seams  of  rivets : 

Carbonate  of  lime 88.960 

Copper trace. 

Carbonate  of  lead 1.790 

Sesquioxide  of  iron 5.005 

Alumina 4.456 

Sulphate  of  lime 4.490 

Carbonate  of  magnesia 1.216 

Magnesia 11.847 

Phosphoric  acid trace. 

Chlorine trace. 

Sand  and  silicic  acid 17.977 

Fat 7.875>  ,^742 

Other  organic  matter. . .  8.867  J  ' 

Moisture 2.219 


98.702 


Tbe  defioienoy  is  partly  due  to  the  given 
leroentage  of  carbonate  of  lead  being  too 
mall,  and  to  the  traces  of  alkalies,  copper, 
ihoephorio  acid  and  chlorine. 

When  the  boiler  continued  to  work  on 
laiisfiMstorily  week  after  week  and  month 
ifter  month,  simply  by  exchanging  the  well 
vaier  for  the  town's  water,  the  owner  could 
Aol  entertain  any  further  doubt  on  the  sub- 
jeet ;  and  on  recollecting  the  changes  made 
in  his' works  from  time  to  time,  and  remem- 
bering how  the  well  had  been  deepened  to 
increase  its  supply,  he  was  also  able  to  trace 
a  clear  connection  between  the  use  of  the 
well  water  and  the  leakage  of  the  boiler. 

This  shortly  received  a  striking  corrobora- 
ti<Hi.  In  the  course  of  the  long  drought 
tliai  occurred  in  the  summer  of  1868,  the 
■imply  of  the  Manchester  Waterworks,  as 
all  in  thb  locality  will  remember,  began  to 
ran  short,  especially  for  engine  purposes,  so 
tfiai  for  one  afternoon  the  owner  was  obliged 
lo  fall  back  on  the  well  water,  when,  though 
he  tried  the  experiment  for  a  few  hours  only, 
the  boiler  at  once  commenced  to  leak  as  be- 
fore, 80  that  he  gave  up  the  well  water  once 
more,  and  resolved  never  to  return  to  it  again. 

This  case,  though  not  so  severe  as  some 
of  the  others  mentioned,  is  perhaps  the  most 
intereflting,  from  the  i^reat  perplexity  which 
mroee  with  resard  to  it,  and  the  conclusive 
numner  in  which  it  was  cleared  up. 

No.  7.  The  Bcventh  case  was  met  with 


near  Carlisle,  in  July,  1868.  The  boilers 
in  this  instance,  which  were  of  the  ordinary 
Lancashire  type,  and  strengthened  at  the 
ring  seams  of  rivets  in  the  furnaces  with  T 
iron  hoops,  drove  a  condensing  engine,  and 
were  fed  from  the  hot  well.  The  length  of 
these  boilers  was  about  30  ft.,  their  diame- 
ter in  the  shells  7  ft.,  and  in  the  furnace 
tubes  2  ft.  8  in.,  while  the  load  on  the  safety- 
valve  was  about  50  lbs.  per  square  inch. 

These  boilers  gave  way,  as  in  the  previous 
cases,  at  the  furnace  crowns,  in  consequence 
of  which  the  owners  reflected  on  the  makers, 
and  the  makers,  knowing  they  had  delivered 
sound  work,  could  only  account  for  the  failure 
by  supposing  that  the  boilers  had  been  neglect- 
ed, and  the  water  supply  allowed  to  run  short. 

On  making  an  examination,  I  found  that 
the  deposit  within  the  boilers  was  of  a  fine 
floury  nature,  like  that  already  described  in 
the  previous  instances,  though  the  quantity 
was  not  so  great,  neither  were  the  furnaces 
so  severely  distressed.  The  following  is  an 
analysis : 

Carbonate  of  lime 69.89 

Iron  (peroxide) »••..  2.17 

Alumina 2.03 

Sulphate  of  lime 2.89 

Carbonate  of  magnesia 8.88 

Silica  and  sand 10.78 

^Organic  matter 7.66 

Moisture 2.85 

100.00 

From  the  above  analysis,  it  will  be  seen 
that  the  feed-water  was  very  similar  to  that 
met  with  in  the  other  cases  previously  re- 
ferred to,  though  it  will  be  seen  that  the 
percentage  of  carbonate  of  lime  is  scarcely 
so  high,  which  possibly  explains  the  fact 
stated  above,  that  the  furnace  crowns  were 
less  distressed  than  usual. 

No.  8.  The  eighth  case  that  may  be  re- 
ferred to^  was  met  with  in  August,  1868, 
and  occurred  to  a  couple  of  boilers  laid  down 
near  the  river  Mersey,  in  the  neighborhood 
of  Widnes.  These  boilers  were  of  the  or- 
dinary Lancashire  type,  aud  were  but  just 
new,  yet  they  had  failed  repeatedly  at  the 
ring  seams  of  rivets  of  the  furnace  crowns^ 
when  the  old  rivets  had  been  cut  out,  the 
holes  rimered,  and  new  rivets  inserted,  but 
without  success. 

Under  these  circumstances,  the  makers  of 
the  boilers  called  upon  me,  when,  in  answer 
to  inquiries,  it  appeared  that  the  feed-water 
was  heated  by  the  exhaust  steam  from  the 
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Baooe  of  the  period — mere  pop-guns  of  our 
own  daj8 — followed  armies  with  such  diffi- 
culty, and  so  slowly,  that  the  infantry  main- 
iaiiied  the  tactics  of  the  past  age,  and  formed 
ia  hesyy  masses  in  front  of  the  enemy's 
gnus.  Little  by  little,  as  the  ordnance  in 
V9e  got  better  and  more  precise,  it  became 
■ftoeooary  to  protect  infantry  behind  walls, 
or,  when  in  the  open  field,  to  deploy  battal- 
ioDB  so  that  the  artillery  fire  could  not  do 
■nioli  damage,  even  when  it  penetrated  the 
rmaks.  Gustavus  Adolphus,  Cond^,  Turenne, 
the  Marshal  Saxe,  the  Prince  d'Anhalt- 
DttflBau,  Frederick  the  Great,  and  even  our 
own  Malborough,  gradually  changed  the 
formation  of  infantry.  The  real  use  of  this 
arm  only  became  fully  known  when  the 
Great  Frederick  had  changed  altogether  its 
mode  of  working.  At  the  battle  of  Molwitz 
thia  great  soldier-king  learnt  what  could  be 
done  by  foot  soldiers  who  fired  rapidly  and 
well — ^that  is,  well  for  the  days  in  which  he 
lived.  From  that  time  infantry  became, 
tliroaghout  Europe,  by  far  the  most  import- 
ant arm  of  the  service.  It  was  henceforth 
seldom  massed  together  in  columns.  Its 
lines  were  extended,  and  rapidity  was  intro- 
dooed  into  all  its  movements.  With  a  small 
army  and  a  very  numerous  enemy,  Frederick 
was  obliged  to  strike  out  for  himself  a  new 
mode  of  tactics.  He  avoided  as  much  as 
possible  meeting  numberd  by  numbers,  or 
trring  to  conquer  by  material  strength,  and 
tried  to  introduce  an  improved  style  of  firing, 
and  rapidity  of  movements,  by  which  an  en- 
gagement could,  when  needful,  be  avoided 
mute  as  quickly  as  it  could  be  brought  on. 
Under  him,  also,  the  artillery  began  to  as- 
sume the  importance  it  has  ever  since  main- 
tained in  modern  warfare.  The  guns  were 
made  more  movable,  and  men  began  to  see 
with  wonder  something  like  a  system  of  drill 
and  tactics  used  when  working  ordnance  to 
the  front,  the  flank,  or  the  rear.  And  so  on 
down  to  the  time  when,  the  then.  Gen.  Bona- 
parte began  to  be  talked  of  as  a  leader  who 
seldom  led  the  way  to  anything  except  vic- 
tory. As  the  French  Republic  changed  into 
the  Empire,  and  as  the  hand  of  its  great  chief 
was  against  every  one,  and  every  one's  hand 
against  him,  the  tactics  of  the  day  changed, 
and  became  nearer  to  what  they  were  in  our 
own  service  within  the  memory  of  living 
men.  The  bayonet  gradually  became  an 
arm  much  used  by  au  infantry.  Perhaps 
no  soldiers  took  to  it  as  kindly  as  did  our 
own  troops;  but,  still,  it  effected  great 
changes  in  the  mode  of  fighting  in  all  armies. 


In  France  this  weapon  became  more  popular 
when  the  campaigns  in  Algiers  worked  such 
an  immense  change  in  the  army  of  that 
country.  For  close  upon  forty  years  Franco 
has  had  work  cut  out  for  her  troops  in  the 
school  of  war  which  she  founded  in  North- 
ern Africa.  An  entirely  new  type  of  the 
French  soldier  has  arisen  to  be  the  model 
man  of  her  service.  Individual  fighting, 
looser  formations,  a  manner  of  achieving  an 
end,  no  matter  how,  so  that  it  was  achieved, 
became  the  rule  more  than  the  exception  in 
the  army,  of  which  the  Zouave  is  the  picked 
soldier.  In  our  own  service,  notwithstand- 
ing several  attempts  to  introduce  the  modem 
French  system  of  almost  separate  working 
on  the  part  of  each  fighting  man,  we  have, 
with  certain  modifications,  maintained  our 
more  compact  formations,  and  our  reliance 
of  each  soldier  upon  the  whole  company  or 
troop  to  which  he  belongs,  more  than  upon 
his  own  individual  exertions.  We  have 
made  changes  certainly,  but  they  have 
neither  been  rash  nor  very  considerable. 
That  our  system,  so  far,  suits  our  men  much 
better  than  greater  changes  would  do,  there 
can  be  as  little  doubt,  as  that  we  have  held 
our  own  whenever  and  wherever  we  have 
taken  the  field.  Whether  we  shall  have  to 
make  further  changes,  or  whether  our  in- 
fantry movements  are  rapid  enough  for  the 
arms  with  which  our  enemies,  as  well  as  our^ 
selves,  will  in  future  carry,  is  a  question 
which  admits  of  discussion.  But  there  can 
be  little  doubt  but  that  by  degrees  a  very 
considerable  modification  in  some  of  our  tac- 
tics must  take  place.  When  an  average 
military  marksman  can  hit  an  enemy  at  800 
yards  seven  times  out  of  ten,  it  becomes 
that  enemy  to  be  more  active,  either  when 
advancing  or  retiring,  than  when  a  similar 
feat  could  only  be  achieved  once  in  perhaps 
a  dozen  shots. 

The  great  difficulty  connected  with  the 
modifications  of  modern  tactics  seems  to  be 
that  we  are  yet  only  in  a  state  of  transition 
as  regards  firearms.  In  all  that  regards 
both  breech-loaders  and  field-guns,  we  have 
advanced  far,  but  shall  probably — ^we  might 
say  certainly — advance  much  further.  Even, 
however,  if  progress  has  reached  its  limits 
in  the  perfection  of  arms  of  precision,  it  be- 
comes a  matter  of  wonder  how  far  future 
cavalry  can  ever  be  used  against  unbroken 
infantry,  when  armed  with  the  breech-loaders 
now  in  use,  and  taught  to  fire  as  the  ordi- 
nary average  of  regiments  are.  There  is  a 
point  beyond  which  courage  is  mere  rashness, 
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and  pluck  on  the  part  of  the  commander 
becomes  a  wanton  waste  of  life.  Would  not 
such  be  the  judgment  passed  upon  any  cav- 
alry leader  who  would  launch  his  regiment 
or  brigade  against  an  infantry  square  armed 
oven  as  our  own  and  other  European  armies 
are  at  the  present  day?  Against  infantry 
broken  or  in  retreat,  against  the  same  arm 
when  thrown  into  confusion  by  some  blunder 
on  the  part  of  their  commander,  against  the 
cavalry  of  the  enemy,  or  against  artillery 
when  not  unlimbered,  dragoons  must  ever 
prove  of  the  utmost  service,  and  no  army  in 
the  field  could  do  without  them.  So  it  is 
when  feeling  for  an  enemy,  when  pushing  to 
the  front,  and  anxious  to  bring  on  an  engage- 
ment, the  cavalry  arm  must  ever  be  present 
to  do  that  which  it  alone  can  effect  properly. 
But  unless  some  chanee,  of  which  as  yet  we 
know  nothing,  takes  place  in  the  firearms  of 
the  world,  wo  shall,  probably,  never  again 
hear  of  cavalry  being  used  to  charge  infantry 
squares  as  in  old  time. 

Again,  it  is  an  open  question  how,  with 
the  present  improvements  in  artillery,  either 
infantry  or  cavalry  can  ever  be  used  in  the 
open  field  to  silence  a  battery  of  guns.     At 
the  present  day  the  artilleryman,  although 
he  cannot  load  as  quickly,  fires  with  almost 
as  sreat  precision  as  the   infantry  soldier. 
In  the  advance  of  an  infantry  brigade  against 
a  battery,  unless  circumstances  were  excep- 
tional and  much  in  favor  of  the  former  arm, 
there  would  be  no  formation  left  by  the  time 
they  reached  their  destination.     This,  as  a 
matter  of  course,  can  be  rectified  very  much 
by  rapidity  of  movement  on  the  part  of  the 
infantry  soldier,  and  in  this  change,  as  we 
imagine,  will   be   found   one   of  the   chief 
alterations  of  modern  tactics.     Much  greater 
quickness  in  advancing ;  the  * 'double"  taking 
the  place  of  our  present  quick  time ;  and  a 
certain  reckless  dash,  which  will  tend  greatly 
to  abolish  steady  formations,  will  probably 
aapersede  many  of  the  movements  now  in 
tiae.     But  the  chief  change  will  most  likely 
be  a  rale  by  which  no  arm  of  the  service 
vill  ever,   or  very   seldom,   be   employed 
mlone.    Brigades  will  probably  not  be  com- 
poaed  of  oavalry  nor  of  infantry  alone,  but 
■^ok  one,  and  perhaps,  indeed,  each   regi- 
•Bi,  hATa  a  eertain  force  of  cavalry  and 
^trr  attacked  to  it.     In  the  state  of 
liition  whiek  we  find  ourselves  to  be,  and 
wUiok  every  army  in  Europe  must  find 
^ael?ea  to  be,  tkese  speculations  on  future 
4  mu(  be  more  or  less  vague.    But  it 
Edij  ba  said  thml  tkey  are  improbable, 


far  less  impossible.     As  we  adruaklkt 
excellence  of  firearms  and  of  oriMtt,  it 
seems  likely  that  each  branch  of  tkaraBi 
will  depend  more  and  more  on  oaeaiAB, 
and  that  the  smallest  commands  wiUknM 
what  divisions  of  the  army  have  benkikh 
to— a  mixture  of  cavalry,  artiUeijaii^ 
fantry,  and  that  every  officer  who  isfiMti 
command  even  a  regiment  mast  be  lUm 
know  how  to  command  and  when  to  ise«Aa 
arms  of  the  service  as  well  as  that  tavkkk 
he  himself  belongs.     At  any  rate,  si  kr  m 
it  is  possible  to  see,  this  appears  the  oif 
possible  solution  of  vrhat  is  the  Hilttj 
mystery  of  the  futore.     But  for  the  dwMi 
to  become  visible,  or  for  any  definite  rui 
upon  the  subject  to  be  practicable,  ve  ■■! 
wait  for  the  ezperiencoa  of  the  next  Sm- 
pean  war. 


THE  ESTIMATES  OF  CONSULTING  ESO- 
NEER& 

From  <<  The  EogioMr.^ 
Possibly  in  one  case  out  of  fifty,  ftMHj 
not  in  one  instance  oat  of  ^ve  hundred,  dsu 
the  actual  cost  of  a  heavy  job  coincide  witk 
the  estimate  previously  prepared  by  tke  ci- 
gineer.  This  proposition  is  so  well  a■de^ 
stood,  that  it  is  accepted  as  an  axioa,  tbtt 
the  total  cost  of  a  bridge,  or  an  embsak- 
ment,  or  a  mill,  or  a  factory,  must  be  ia  ex- 
cess of  the  estimate ;  and  as  a  kind  of  pre* 
cautionary  measure  intended  to  defend  the 
engineer  from  the  charge  of  incompeteicT 
which  may  be  brought  against  him,  and  tke 
capitalist  from  the  consequences  of  not  prcp> 
erly  counting  the  cost  before  he  begins  \o 
build,  a  something,  known  as  *'  a  mtrfin  for 
contingencies,**  is  always  added  to  cTerr 
estimate,  and  forms,  indeed,  an  intemi  psrt 
of  it.  This  margin,  however,  seldom  or 
never  suffices ;  for,  as  a  role,  the  oatlaj  al- 
ways exceeds  not  only  the  calculated  eoit, 
but  the  calculated  cost  and  the  margia  ai 
well.  If  the  excess  be  moderate,  no  veir 
serious  consequences  may  ensue;  bat  it 
must  not  be  forgotten  that  the  excess  has 
not  unfrequently  been  so  large  as  to  eaiail 
the  total  ruin  of  the  capitalist  or  capitalists ; 
or  at  least  to  reduce  the  profits  which  he  or 
they  expected  to  realixe  to  a  nominal  reton. 
An  estimate  right  within  20  per  cent  of  the 
actual  cost  is,  however,  regarded  as  a  reij 
good  estimate,  and  one  reflecting mofh  credit 
on  the  engineer  and  all  concerned.  Tet  this 
20  per  cent  is  to  our  minds  suffieientlj  u- 
satisfiustoryv  and  bean  small  testimony  to 
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*fte  value  of  existing  systems— or  want  of 
'/natems— of  estimating  the  cost  of  work. 
yA  ought  to  be,  and  no  doubt  is,  possible  to 
•Mertain  beforehand  with   much  accuracy, 
'Imw  much  money  will  be  spent  in  carrying 
•ttl  any  undertaking  to  a  successful  termi- 
B^ltion.     This  is  proved  by  the  fact  that  es- 
tiwateg,  perhaps  accidentally,  do  now  and 
tken  agree  very  closely  with  the  actual  ex- 
penditure ;  and  it  is  worth  while,  we  think, 
to  inquire  why  such  an  agreement  is  excep- 
iioiud  instead  of  being  the  rule. 

The  reasons  why  estimates  and  expendi- 
tnre  so  seldom  coincide,  are  two  in  number. 
In  the  first  place,  the  engineer  does  not  ac- 
enimtely  know  how  much  work  has  to  be 
done ;  in  the  second  place,  he  does  not  know 
bow  much  the  doing  will  cost.  As  regards 
the  first,  it  is  possible  that  the  engineer  may 
not  be  at  all  to  blame.  The  preparation  of 
n  complete  design  for  a  complicated  struc- 
ture, such,  for  example,  as  a  cotton  mill,  is 
all  but  impossible.  When  the  drawings 
oome  to  be  made,  a  host  of  small  things  are 
certain  to  be  left  out,  simply  because  they 
eannot  be  put  in  to  any  reasonable  scale  on 

{aper ;  they  are  to  be  supplied  afterwards. 
1 18  known  in  a  kind  of  way  that  they  will 
nltimately  be  needed,  but  no  one  thinks  of 
wasting  time  in  ascertaining  what  they  will 
Veally  cost,  and  of  what  they  will  consist. 
Almost  from  the  first  moment  they  are  put 
oat  of  sight,  and  to  nothing  more  than  to 
snch  trifles  as  these  will  the  proverb  **  out 
of  sight  out  of  mind "  apply.  The  so- 
oalled  trifles,  however,  make  themselves  dis- 

Eably  prominent  before  the  work  iscom- 
1.  They  must  be  supplied  and  paid 
nd  they  not  unfrequently  constitute  an 
ominous  feature  in  the  bill.  We  shall  not 
pretend  to  define  in  what  trifles  of  this  kind 
eonaist.  Every  engineer  who  has  prepared 
ma  estimate  for  work  differing  from  anything 
he  has  estimated  for  and  carried  out  before, 
will  be  likely  to  class  trifles,  using  the  word 
in  our  sense,  under  a  different  head.  No 
engineer  will  deny  their  existence,  their 
costliness,  or  the  influence  which  they  exert 
on  estimates,  and*  this  much  admitted,  our 
proposition  is  ^nted. 

Under  certam  circumstances,  however,  we 
iBnd  the  engineer  very  much  to  blame,  be- 
cause he  totally  overlooks  the  necessity  which 
exists  for  the  construction  of  essentials,  or 
relegates  important  features  to  the  region  of 
real  trifles.  The  result  of  such  negligence, 
or  errors  of  judgment,  may  be  disastrous. 
We  recollect,  one  case  in  which  a  factory  was 


put  up,  and  boiler  and  engines  put  down  at 
a  cost  of  about  jSlO,000.  It  was  kno¥m 
that  no  water  from  river  or  stream  was  avail- 
able. A  shallow  well  was  therefore  sunk, 
and  from  this  water  sufficient  for  mortar, 
&c.,  was  obtained  during  the  progress  of  the 
works.  The  insignificant  cost  of  this  well 
was  included  in  the  estimate.  By  the  time 
the  factory  was  completed,  however,  it  was 
discovered  that  not  nearly  enough  could  be 
had  from  it  for  the  purposes  of  manufacture. 
A  very  large  further  outlay — ^nearly  £1,000 
— was  incurred  in  sinking  the  well  deeper, 
without  leading  to  any  satisfactory  result ; 
and,  finally,  rather  than  abandon  the  factory 
altogether,  £2,000  more  were  spent  in  lay- 
ing a  main  and  opening  a  cutting  from  a 
river  at  a  considerable  distance.  Here  the 
original  estimate  was  increased  nearly  50 
per  cent  by  a  single  mistake.  Such  cases 
are,  of  course,  very  exceptional ;  but  it  is 
not  at  all  exceptional  to  find  estimates  based 
on  the  first  cost  of  machines  delivered  at 
the  works,  not  one  farthing  being  added  for 
erecting  them ;  the  value  of  the  bricks  re- 
quired based  on  their  price  in  the  field,  the 
trifling  question  of  carriage  being  totally 
forgotten,  and  such  like.  Such  mistakes  as 
these  will  cause  actual  outlay  to  exceed  es- 
timated cost  with  great  certainty,  and  it  is 
the  easiest  thing  in  the  world  to  be  guilty 
of  them.  None,  indeed,  but  those  who  have 
had  to  prepare  estimates  for  large  under- 
takings, can  tell  how  much  trouble,  and  what 
unceasing  watchfulness  is  required  at  every 
step  to  avoid  error. 

Even  if  we  suppose  the  engineer  to  have 
ascertained  with  the  utmost  accuracy  every- 
thing that  can  possibly  be  required,  from 
the  steam  engine  to  the  time-taker's  clock, 
it  does  not  follow  that  his  estimate  must  be 
right:  the  second  class  of  error  to  which 
we  have  alluded  to  may  come  into  play.  It 
is  one  thing  to  know  what  you  want  to  buy, 
quite  another  to  know  what  it  will  cost.  An 
engineer  may  determine  with  strict  accuracy 
how  many  yards  of  earth  must  be  taken  out 
to  preparo  an  engine  foundation,  but  his  es- 
timate of  the  cost  of  taking  it  out  may  be 
altogether  wrong,  for  it  is  not  the  quantity 
of  earth  to  be  removed,  but  the  whole  cost 
of  removal,  that  affects  the  precision  of  the 
estimate.  In  the  first  place,  he  may  not 
have  taken  the  trouble  to  ascertain  the  cost 
of  labor,  or  the  nature  of  the  soil ;  in  the 
second,  water  may  oome  in  on  him,  and  de- 
feat all  his  calculations.  In  estimating  for 
machinery,  the  engineer  is  peculiarly  apt  to 
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M  Gauges. — Very  few  years  have 
psed  since  Mr.  Dauiel  Kinoear  Clark 
steam  gauges  on  locomotives  luxuries, 
cessitics.  At  this  moment  we  believe 
B  not  a  locomotive  in  Great  Britain 
ig  a  railway  carrying  passengers  which 
tilted  with  a  steam  gauge.    The  truth 

when  Mr.  Clark  wrote,  the  world, 
he  exception  of  a  select  few,  knew 
f  the  cumbrous  mercurial  gauge,  or 
it  more  imperfect  manometer.  The 
on  gauge  had  only  been  talked  about 
rs  of  steam  power  in  general,  and  it 
uite  natural  that  Mr.  Clark,  in  com- 
ith  the  great  body  of  his*  professional 
en,  should  regard  all  known  gauges 

to  suit  a  locomotive  as  mechanical 
ties — things  of  the  border  land  which 
itween  true  mechanical  science  and 
uechanical  humbug,  and  reject  them 
ingly.  The  manufacture  of  gauges 
owever,  become  a  great  trade,  and 
)t  only  every  locomotive  engine,  but 

every  boiler  and  every  portable  en- 
i  the  kingdom  is  fitted  with  one.  The 
gauge  has  asserted  itself,  so  to  speak, 
'  its  obtrusiveness  it  has  forced  itself 
bat  position  where  criticism  begins. 
I  this  last  may  end,  only  the  makers 
m  gauges  can  say. 

;eam  pressure  gauge  can  only  be  used 
ree  purposes.  The  first  is  to  tell 
tely  the  pressure  in  a  steam  boiler  at 
oment  when  the  water  is  hotter  than 
tg.  ;  the  second  is  to  tell  variations 

steam  pressure  from  time  to  time ; 
le  third  is  to  bring  in  money  to  the 
s.  We  regret  to  say  that  the  last 
is  more  studied  than  the  others ; 
,  so  much  studied  that  the  value  of 
odern  mercantile  steam  gauge  as  an 
of  the  pressure  within  a  boiler  at  any 
It  is  very  small  indeed.  There  is 
g  like  facts  to  prove  assertions ;  and 
plainly  repeat  that  the  modern  steam 

of  commerce  is  a  very  worthless 
nent,  it  is  right  that  we  should  adduce 
Q  proof  of  our  statement ;  and  as  these 
«nd  to  show  what  maker  deals  best 
lis  customers,  and  who  serves  them 
our  statements  should  prove  all  the 
aluable.  It  is  well  known,  or  should  be 
nown,  that  under  ordinary  conditions 
»yal  Agricultural  Society  will  not  pcr- 
^eater  pressure  of  steam  to  be  used 
the  limits  of  their  show-yards  than  50 
r  square  inch.  Every  exhibitor  intend- 
get  up  steam  must,  therefore,  submit 


the  gauge  with  which  his  engine  is  fitted  to  the 
Society  *s  engineers,  Messrs.  Easton  &  Amos, 
who  test  the  gauges  and  return  them  with  a 
certificate  that  the  boiler  may  be  worked  at 
a  pressure  of  so  many  pounds  by  its  own 
gauge,  which  is  equivalent  to  50  lbs.  per 
square  inch.  We  have  taken  the  trouble  to 
examine  nearly  every  certificate  granted  by 
Mr.  Amos  thb  year  at  Manchester,  and  to 
compare  each  certificate  with  the  gauge* 
The  following  table  shows  the  result : 


o 


2 

236 
237 
080 
6086 
6092 
6094 
6121 
6122 
6125 
6127 
6129 
6161. 
6297 
6412 
6513 
6414 
6415 
6417 
6418 
6317 
6337 
6514 
6616 
6643 
62 
2122 
609 
6307 
5670 
7510 
819 
823 
5668 
6316 
607 
636 
6557 
6534 
6501 
6187 
2132 
6160 
6136 
6138 
6135 
6085 
6494 
6326 
5301 
6458 
6488 
7497 
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Schaeffar  A  Badenberg 

do        

do        

do         

do        

do        

do        

do        

do        

do        

do        

do        

do        

do  . . . .  . 
Sohaeffer  Bourdon 

do  

do 

do  

do  

do  

do  

Sohaeffer  A  Badenberg , 

do 

do  

do 

Salter  Boardon  •••••  .••.•••• , 

do  

Dubois  Boardoc. . • . • , 

do  

do  

do  

do  

do  , 

do 

Baines  A  Tait 

do 

do  

Smith,  Nottingham 

do  

do 

Boardon 

E.  Boardon 

Dewit 

do  

do  

do  

do  

do  

Bailey  Boardon 

Storey  Boardon 

Uayward,  Tyler  A  Co 

do        

No  naaw  "Improved  Patent  * 


47 
60 
48 
55 
51 
49 
46 
49 
64 
62 
56 
48 
42 
60 

48 
48 
48 
48 
48 
53 
48 
48 
46 
52 
48 
47 
52 
47 
60 
46 
46 
47 
50 
60 
62 
50 
46 
46 
44 
50 
62 
62 
60 
49 
49 
66 
62 
64 
66 
61 
61 
50 
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PATENTS  AND  PATENT  LAW& 

Br  W.  Bridges  Adams. 
From  **  Tha  Society  of  Arts  Joarnal." 

The  word  ••  monopoly  '*  is  one  of  exoecd- 
iag  ill  odor  with  the  great  mass  of  the  com- 
■lanitj,  and  to  afiix  such  a  name  to  patents 
18  considered  a  very  clever  move  on  the  part 
of  their  opponents.  It  catches  the  public 
ear,  and  the  public  is  very  apt  to  take  things 
for  granted,  that  appear  to  conform  to  its 
interests.  What  is  a  monopoly  ?  A  privi- 
lege conferred  upon  special  individuals,  for 
their  own  advantage,  to  the  disadvantage  o'f 
the  community.  At  first  sight,  numerous 
priTate  rights  appear  to  be  monopolies — 
land,  mines,  forests,  rivers,  the  raw  material 
of  the  world,  which  are  the  property  of  the 
whole  human  race,  as  tenants  in  common; 
and  for  individuals  to  possess  and  own  them 
MB  private  property,  is  simply  a  concession 
granted,  because  they  will  produce  a  gener- 
ally greater  fruit  by  the  process  of  individ- 
ual enclosure,  than  by  a  general  scramble. 
The  conversion  of  the  raw  material  into 
useful  forms,  by  the  operation  of  the  human 
brain  and  human  hands,  creates  another 
kind  of  property,  giving  the  raw  material  far 
greater  v«lue  by  mental  and  physical  labor, 
labor  which  would  not  bo  given  unless  the 
owners  could  reap  some  of  the  fruits  of  it 
by  an  enclosure  of  the  results  of  their  own 
brains  or  hands  as  their  own  property. 
Origination  of  now  and  useful  ideas  and 
forms,  producing  something  better  and  more 
useful  than  has  been  produced  before,  is  the 
most  valuable  kind  of  labor,  and,  therefore, 
the  world,  in  proportion  as  it  becomes  civi- 
lised, gives  exclusive  property,  for  a  longer 
or  shorter  time,  to  the  producers  of  the  ideas, 
and  goes  still  further  in  giving  hereditary 
rights  to  long-continued  industry. 

Language  is  common  property,  but  the 
aathor  of  a  book,  putting  language  into  new 
forms,  in  combination  with  ideas,  is  endowed 
with  what  is  called  **  copyright''  for  a  term 
of  years,  a  monopoly,  in  short,  for  the  rea- 
son that,  without  that  monopoly,  the  books 
would  not  be  produced,  or  only  a  very  few 
books  would  bo  produced  by  a  few  wealthy 
and  powerful  persons ;  and  the  very  title  of 
the  book  is  also  a  monopoly.  Another  per- 
son produces  a  picture  which  has  a  high 
Yslne,  and  the  right  to  reproduce  that  pic- 
ture by  engravings  or  photographs,  or  other 
means,  is  reserved  to  him.  Another  pro- 
dnoes  new  combinations  of  musical  sound, 
and  the  multiplication  of  copies  of  this  mu- 
sic is  as  much  his  own  property  as  the  origi- 
VOL.  I.— No.  11.— Gl. 


nal.  Another  produces  a  piece  of  sculpture, 
with  the  same  results.  Another  produces  a 
new  design  for  furniture,  or  patterns  for 
dress,  or  other  manufacture,  and  that  is  as 
much  his  own,  with  the  exclusive  right  to 
sell  it  entire  or  in  copies,  as  though  it  were 
the  corn  and  cattle  of  the  farmer,  or  the 
fruit  of  the  orchard  owner,  or  the  vegetables 
of  the  market  gardener. 

This  monopoly  goes  still  further.  The 
style  and  title  of  a  firm  is  private  property ; 
and,  as  if  to  guard  against  the  contingency 
of  the  same  Christian  and  surname  in  com- 
bination being  used  for  competition  by  a 
namesake,  trade-marks  were  invented  to  in- 
sure the  monopoly,  and  every  possible  means 
are  resorted  to  to  prevent  a  trader's  individ- 
uality from  being  trenched  on  by  his  neigh- 
bors. Yet  more:  a  proprietor  of  a  news- 
paper, with  no  individuality,  and  who  pur- 
chases all  his  wares  ready  made  from  other 
persons,  has  the  exclusive  right  to  a  particu- 
lar word  or  combination  of  words  out  of  a 
dictionary,  which,  if  he  be  the  first  to  as- 
sume, no  one  can  appropriate  till  he  chooses 
to  abandon  his  right. 

Throughout  all  these  things  it  is  the  right 
of  property  which  the  law  jealously  guards, 
mental  or  other.  But  for  this  law,  a  large 
mass  of  mankind  would  disguise  themselves 
in  their  neigbors'  likeness,  to  reap  the  profits 
accruing  from  their  neighbors'  reputation. 

What  are  called  patents,  are  mental  ori- 
ginations, miiltiplied  in  matter,  and  the 
law  professes  to  confer  on  the  originator  the 
sole  right  to  use  and  sell  them  to  the  public 
for  the  course  of  fourteen  years.  Some  of 
these  originations  are  very  popular,  and  an 
enormous  trade  grows  up,  from  which  large 
profits  accrue,  and  it  is  very  commonly  an 
article  not  of  real  importance  to  the  welfare 
of  the  community  that  makes  the  largest 
profits  ;  but  whatever  it  may  be,  trade  rivalry 
is  excited,  and  any  means  are  resorted  to  for 
evading  the  patent,  without  payment  to  the 
inventor.  Everything  previously  known  in 
the  trade  is  at  the  disposal  of  the  rivals ; 
but  the  Naboth's  vineyard  they  covet  is  the 
new  thing  which  the  public  prefer,  either  for 
its  superiority  or  its  cheapness,  and  which 
has  been  the  production  of  the  inventor's 
brain.  So  they  set  to  work  to  defame  him, 
to  deny  his  originality,  to  call  him  a  monop- 
olist, to  decry  his  invention,  to  try  and  invade 
it  by  inferior  methods,  and,  finally,  to  take 
advantage  of  inefficient  laws,  to  plunge  him 
into  costly  trials  that  may  ruin  him,  and  put 
the  invention  out  of  nse^  if  they  cannot  ap- 
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propriato  it  to  theniselveB  without  paving 
anything  for  the  coat  of  its  production, 

A  few  years  back,  an  attcinpt  was  made  to 
decry  and  abolish  patents  nt  the  meeting  of 
the  Brirish  Association,  and  now  onoe  more 
an  attempt  is  making  to  obtain  a  huge  mo- 
nopoly, under  pretext  of  abolishing  another 
— not  a  monopoly  as  of  old  in  the  case  of 
the  eorn4aws,  for  the  benefit  of  landlords  or 
landowners,  but  for  the  supposed  benefit  of 
trade-lords  and  capitalists  generally.  Largo 
manufacturers,  material  converters,  and  sim- 
ilar people,  desire  to  got  the  use  of  brains 
without  paying  for  them,  or  to  keep  things 
as  they  are.  It  is  not  a  ease  of  patentees 
against  the  community,  as  their  opponents 
endeavor  to  make  out,  but  a  ea«e  for  the 
community  itself,  as  interested  in  progress, 
against  wealthy  traders  who  would  keep 
down  all  progresw^  if  by  so  doing  they  could 
keep  up  their  own  profits.  It  is  the  case  of 
the  community,  in  behalf  of  the  active  brains 
that  work  for  I  hem  with  mental  capital,  and 
without  material  capital,  against  the  dull 
and  inert  brains,  with  material  capital  in 
masses,  which  at  present,  stimulated  into 
competition  by  the  restless  brains  around 
them,  lead  an  uneasy  life,  and  would  fain 
become  the  slaveboldors  of  the  active  brains, 
and  prescribe  limits  to  their  labors  under 
their  own  control »  and  for  their  own  ima- 
ginary benefit.  It  is  an  attempt  to  create 
an  hereditary  trade  aris  toe  racy,  by  taking 
away  the  fulcrum  through  which  clear  brains 
rise  into  the  possession  of  material  capital, 
and  their  owners  elbow  the  inert  rich  from 
their  seats.  And,  not  nneommonly,  it  is 
those  who  have  grown  rich  upon  patents  who 
are  the  most  strenuous  opponents  of  other 
men's  patents. 

The  common  ground  of  opposition  is  that 
patents  impede  progress.  If  they  did,  that 
would  be  snfficient  reason  for  their  abc»lition. 
But  assertion  is  not  demonstration.  It  is 
asserted  that  the  patent  is  a  monopoly  which 
no  one  but  the  owner  can  use.  Quite  true ; 
but  so  is  land  a  monopoly  which  no  one  but 
the  owner  can  use,  the  difference  being  that 
the  patent  is  a  monopoly  for  fourteen  years, 
and  the  land  forever.  The  patent  is  a  four- 
teen years'  monopoly  of  individual  brain- 
work,  the  hind  monopoly  is  that  of  the  ma- 
terial works  of  the  Creator.  If  the  land 
were  the  property  of  the  State,  the  rentals 
would  belong  to  the  general  community  as  a 
tax  fund,  and  the  community  gives  it  to  in- 
dividuals on  the  supposition  that  they  will 
manage  it  better  for  the  general  benefit  of 


the  community  than   tbc   State  ofmU,  1 
rental  being  the  payment  for  tlMtT  i 
The  patent  is  a  limited  proptrtjt  ll*  1 
i.H  an  unlimited  property,  both  t 
the  community,  and  capable  of 
if  demonstrated    to    ho    miaeUdfMt  MJ 
community. 

I      The  brain- worker  can  only,  ta  Ike  i 
[patents,  operate  by   the   agenry  of  i 
the  property  of  the  landlord,  wW 
large  share  of  the  brain-work  ia  rrioial 
the  use  of  the  matter.      But  the  brmis-i 
ing  patentee  has  no  monupoly.     Bo  b| 
posed  to  the  competitiou  of  all  ntlieo  i 
the   landlord's   tratter,  or   the   male 
the  Creator,  save  in  the  patentee*^  [ 
I  mode.     And   no  sooner    has    he   mc\LU 
!  success,  than   other   inventors  are 
ately  at  work  to  eclipse   him,  to  tl 
i  and  advantage  of  the  public  ;  aad  it ! 
rious  that,  even  in  the  ca^c  of 
invention   not  superseded    by   motbcrj 
provement,    commonly    half    tho 
years'  term  expires  before  an  infuati 
brought  even  into  limited  use. 
I      The  large  manufacturer  has  hti  i 
I  patents  by  competition  amongtit  bratMii 
I  ing   nothing   of    tho    8tort*d-up   re«o 
I  lapsed  patents  at  the   Patc^ot  Of 
I  he  rarely  has  recourse  to,  *^aTO  to  i 
!  with,  and   defeat,    something   ihjw,  ' 
rival   manufacturer    baa    proiluced 
patent,   and   turned    to    profit.      ]| 
known  that  few  manufacturers  wiil 
in  new  things  without   the  prot 
patent,  for  the  reason   that  mooojl 
expended  experimentally,  and  tbal  I 
in  ambush  to  reap  the  profi.ta  m  i 
without  outlay,  and  eonseqaenlly  ( 
Bell  the  originator,  and  for  tkui 
records  of  lapsed  patents  in  the  Pateal  j 
fiec  are  not  resorted  to,  btil  rfrsaia 
letters. 

It  has  been  sought  to  nsake  a  dii 
between  copy-right  and  patent-rigkl. 
is  none  ;  they  are  alike,  iu  their 
original  emanations  of  the  hniri^ti 
we  may  be  quite  sure   t '  ali^ 

patents  would  soon  be  t  i   by  I 

lition  of  copyright  in  books  or  wdt" 
Copyright  in  designs  is  copytiglil  ^ 
sentation.    Patent*right  is  copyiiiciil  i 
and   utility,   and    methods   of 
whether  brain  imagination  be  mult 
printed  books,  or  in  mo^ic^  or  in  < 
or  artistry,  or  design,  or  iheatrt<^I  rti 
tions  or  shows,  or  8taiupt*d  on  static  i 
what  are  called  patenLn,  ii  hf  the  aiBUjpo 
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of  expressing  mind  in  matter  as  an  ori- 
gioation ;  and  as  the  originators  are  compar- 
miivelj  few  in  number,  it  is  desirable  to  culti- 
▼ftte  tkem,  and  give  them  enclosures  of  men- 
tal domains  wherein  to  have  free  scope  for 
ike  exercise  of  their  various  arts,  for  pre- 
euelj  the  same  reasons  that  the  enclosures 
and  private  ownership  of  land — a  common 
property — is  granted  to  the  producers  of 
Ibod,  and  for  other  purposes. 

It  is  simply  the  system  of  bad  laws  to 
which  all  the  evils  of  patents  are  traceable. 
Tkere  was  a  time  when,  amongst  the  manu- 
fiacturers  of  printed  fabrics,  all  new  designs 
were  kept  secret  as  far  as  possible  till  the 
moment  of  issue,  and  all  were  busy  bribing, 
or  trying  to  bribe,  their  neighbors'  design- 
ers. The  Act  for  Copyright  in  Designs, 
mifolished  this  system  of  piracy,  and  with  it 
the  secrecy.  Were  patents  abolished,  one 
of  the  results  would  be  a  return  to  secrecy 
in  all  small  things,  a  closing  of  manufacto- 
ries against  inspection,  and  a  general  dearth 
of  information  to  mechanical  periodicals, 
while  improvements,  involving  a  large  out- 
lay of  capital,  would  cease  to  be  made,  un- 
less perchance  in  government  establishments. 

If  the  spread  of  knowledge  bo  a  national 
advantage,  the  inducement  to  secrecy  by 
the  abolition  of  the  patent — open — would 
be  a  serious  evil. 

Amongst  the  reasons  alleged  for  the  abo- 
lition of  patents,  one  is,  that  the  patentees 
gain  no  advantage — being  ruined  by  opposi- 
tion and  lawsuits,  in  case  of  the  invention 
being  successful. 

This  is  the  greatest  farce  of  all,  as  if  land 
property  would  be  safer  than  brain  property, 
were  it  protected  by  as  bad  and  inefficient 
laws  as  patents  are  subjected  to,  and  as  if 
there  were  any  difficulty  in  making  as  effi- 
cient laws  for  patents  as  for  books  and  de- 
signs, were  only  influential  men  interested 
in  bringing  them  to  pass,  and  lawyers  not 
interested  against  them. 

Another  allegation  is,  that  the  great  mass 
of  modem  patents  are  useless.  If  they  are 
useless  they  need  not  be  coveted.  If  im- 
pedimental, they  certainly  must  supply  some- 
thing useful.  But  it  is  again  alleged  that 
they  are  frivolous.  But  is  not  trade  itself 
widely  frivolous  ?  Yet  what  merchant  is 
'there  who  despises  anything  frivolous,  pro- 
Tidcd  only  large  profit  bo  mixed  up  with  it  ? 
What  is  more  frivolous  than  the  majority  of 
theatrical  farces,  yet  what  is  there  more 
earefuUy  guarded  against  piracy  ?  But,  say 
the  objectors,  patents  arc  granted  for  things 


not  new,  and  merely  serve  as  an  excuse  for 
lawsuits.  That  simply  means  that  the  law 
and  practice  have  not  yet  been  fitly  estab- 
lished. Some  say  that  patents  are  becoming 
so  numerous  that  they  cannot  keep  count  of 
them,  and  so  unwittingly  infringe  them. 
This  is  not  logical.  The  patentee  might  as 
well  object,  **  The  great  manufacturers  make 
so  many  new  things  without  giving  me  no- 
tice, that  I  cannot  keep  count  as  to  my  orig- 
inality.'* This  complaint  on  the  part  of 
manufacturers  only  proves  that  they  manage 
their  business  badly.  It  is  surely  part  of 
the  business  of  a  great  manufacturer  to 
know  of  everything  produced  in  his  special 
art,  and,  therefore,  he  should  keep  a  book 
of  patents,  as  regularly  as  his  price  list, 
with  a  managing  clerk  to  it.  He  can,  at 
small  cost,  have  all  the  specifications  in  his 
trade  supplied  to  him  as  fast  as  they  come 
out,  and  he  can  index  them,  and  mark  out 
all  the  real  novelties  and  utilities,  and  put 
them  to  use  by  agreement  with  the  owner. 
It  is  said  that  everv  British  subject  is  bound 
to  know  all  the  laws,  or  take  the  conse- 
quence of  breaking  them,  and  certainly  a 
British  manufacturer  is  bound  to  know  all 
the  patents  in  his  trade  as  part  of  his  busi- 
ness. 

All  existing  knowledge  and  manufacturing 
experience  up  to  the  present  time,. is  the 
joint  property  of  the  whole  nation,  less  cer- 
tain things  protected  by  patents  expiring  in 
fourteen  years.  But  these  patents  are  the 
**  Naboth's  vineyard,"  coveted  by  the  lords 
of  trade. 

But  they  may  fairly  say  that  amongst  the 
numerous  patents  there  are  many  fictitious 
ones,  involving  lawsuits,  and  thusjdeterring 
them  from  the  use  of  what  is  really  common 
stock.  That  is  to  say,  the  patent  laws  are 
bad  laws,  so  bad,  that  were  all  laws  eaually 
bad,  the  nation  would  be  in  a  condition  of 
anarchy.  To  abolish  the  patents,  instead  of 
to  reform  the  law,  would  be  a  procedent 
upon  which  we  might  abolish  all  laws. 

Let  us  begin  at  the  beginning.  Patents 
are  virtually  granted  for  something  new  and 
useful,  thereby  to  teach  the  public,  and  the 
reward  for  such  teaching  is  a  fourteen  years' 
exclusive  right.  What,  then,  is  "  novelty?" 
There  is  nothing  new  under  the  sun,  abso- 
lutely. The  patent  is  really  granted  for 
something  new  to  the  existing  generation,  as 
an  inducement  for  a  skilled  man  to  bring  it 
into  use.  The  title  should,  therefore,  be 
put  on  a  similar  footing  to  that  of  land.  A 
piece  of  unowned  land,  unclaimed  for  thirty 
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Sblio.  But  the  true  inventors  are  more 
ui  this — thej  are  a  select  body  of  students, 
who  foresee  those  things  that  the  manufac- 
k«rtng  men  of  routine  pass  by  blindfolded, 
lad  thus  stir  them  up  to  action ;  and  the 
pmblic  is  deeply  interested  in  caring  for  these 
■i6D,  and  guarding  their  interests  as  their 
DW1U  From  the  trade  point  of  view,  the 
Biera  manufacturer  only  looks  to  the  profit 
per-oentage  attainable  by  the  raw  material 
wto  wrought,  and  would  work  up  the  whole 
raw  material  of  the  land,  and  afterwards 
throw  it  into  the  sea,  if  realizing  the  per- 
eentage  thereby.  It  is  this  class  of  men 
that  deteriorates  our  national  manufactures 
in  money  competition,  that  makes  rails  as 
hriitle  as  cast-iron,  and  delights  in  shoddy ; 
that  has  no  perception  of,  or  care  for  pro- 
gress, but  only  for  money. 

It  is  not  thus  that  the  greatness  of  Eng- 
land has  grown ;  nor  is  it  of  the  highest 
importance  that  inventors  should  reap  enor- 
mous fortunes,  albeit  trifling  in  proportion 
to  the  gain  to  the  general  community ;  but 
it  is  desirable  that  they  should  be  in  the  un- 
anxious  position  requisite  for  the  most  ad- 
TUitageous  pursuit  of  their  studies  and  ex- 
periments, as  a  result  of  their  own  labors. 

The  nation  in  which  all  classes  of  its  peo- 
ple can  rise  in  succession,  according  to  their 
£Miiltie8  and  cultivation,  from  the  lowest 
position  to  the  highest,  must  ever  be  more 
powerful  than  a  nation  of  castes,  and  a  na- 
tion without  laws  efficiently  protecting  men- 
tal as  well  as  physical  property,  must  degen- 
erate into  a  land  of  castes— or  robbers. 

There  is  yet  another  allegation  on  the  part 
of  opponents  of  patents.  Having  to  pay  a 
royalty  in  England,  other  nations  paying  no 
royalty  can  undersell  them.  It  is  scarcely 
so,  for  other  nations  are  as  desirous  of  hav- 
ing patents  as  English  people  are.  Of  the 
two  republics,  America  and  Switzerland,  the 
former  abounds  with  patents,  the  latter  has 
none.  The  reason  is,  that  in  the  former  case 
they  are  a  function  of  the  Federal  govern- 
ment, in  the  latter  of  every  separate  canton, 
rendering  patents  a  practical  impossibility. 
Bat  citizens  of  Switzerland  expatriate  them- 
selves, and  get  patents  here  and  elsewhere, 
and  it  is  probable  that  the  patent  branch  of 
legislation  will  be  transferred  to  the  Federal 

Kvernment,  and  Switzerland  will  cease  to 
an  exception  to  other  civilized  States. 
With  a  climate  and  condition  like  that  of 
England,  where  workmen  live  longer  and  do 
more  days*  work  in  every  year  than  in  most 
other  ooontrics,  it  is  impossible  that  she 


should  be  undersold  in  her  indigenious  man- 
ufactures, so  long  as  her  materials  shall  en- 
dure. Capital  embarked  in  the  growth  and 
training  of  a  workman,  is  profitable  in  pro« 
portion  to  the  length  of  his  working  life, 
and  the  faithful  and  honest  work  produced. 

The  assumption  that  every  patentee  only 
forestalls  a  number  of  other  persons,  who 
would  have  discovered  or  planned  the  same 
thing,  may  or  may  not  be  true,  but  this  does 
not  concern  the  public.  What  the  public 
want  is  individuals  who  will  work,  and  teach 
in  the  best  mode  he  can,  something  new  and 
useful ;  and  daily  experience  tells  us  that 
such  individuals  cannot  be  obtained  save  on 
the  condition  of  thereby  obtaining  a  specific 
sphere  of  action  involving  their  own  benefit 
as  well  as  that  of  the  public.  Let  any  one 
try  if,  by  simply  publishing  a  new  and  use- 
ful thing,  he  can  get  it  taKen  up  unless  he 
can  offer  an  exclusive  right  with  it.  Neither 
is  there  any  probability  in  the  assumption 
that  all  the  principles  of  action  have  been 
discovered,  and  that  the  details  are  in  every 
one's  hands.  The  tree  of  universal  knowl- 
edge is  yet  far  from  having  been  plucked, 
and  it  is  to  be  desired  that  the  men  of  sci- 
ence, as  well  as  the  men  of  practice,  should 
bo  not  only  recognized  but  rewarded,  as  the 
benefactors  of  the  community — not  rewarded, 
as  M.  Chevalier  proposed,  by  the  State,  but 
by  the  community.  We  do  not  want  politi- 
cal inventors,  with  a  Government  reward  as 
a  compensation  for  something  other  than  an 
invention,  and  with  their  own  friends  to 
apportion  it.  We  want  for  them  the  only 
true  appreciator,  the  public. 

There  is  no  difficulty  in.  remedying  all  the 
evils  complained  of  in  the  present  practice 
of  patents.  Forms  of  specifications  can  be 
prepared,  embodying  everything  that  is  re- 
quired to  be  stated,  leaving  no  loopholes, 
and  preventing  verbiage,  giving  an  exclusive 
privilege  to  make  something  useful,  and 
leaving  it  open  to  competition  to  make 
something  still  better.  The  life  of  the  in- 
ventor patentee  is  no  lazy  life.  He  has  the 
public  for  a  master,  and  a  very  exacting  mas- 
ter too,  content  with  nothing  but  the  best 
or  the  cheapest,  and  ever  ready  to  abandon 
its  idol  of  to-day  for  its  idol  of  to-morrow, 
succeeding  each  other  in  constant  following. 
What  do  the  long  Ibt  of  patens  in  the  same 
arts  mean,  save  that  the  human  brain  works 
only  from  step  to  step,  eclipsing  yesterday 
by  to-day,  and  thus  preparing  tne  way  for 
the  morrow,  a  vantage-ground  bein^  gradu- 
ally attained,  till  the  process  culminates  in 
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dune  into  theirs ;  and  if  foreign  ooals  should 
grow  better  and  cheaper,  and  ours  dearer 
sod  worse,  the  balance  may  turn  against  us 
mm  %  nuinufac taring  country  long  before  our 
•oal  is  exhausted  in  quantity.  It  is  clear 
that  our  stock  of  good  coal  is  very  large ; 
liat  most  of  it  lies  at  great  depths,  and  one 
of  the  most  important  questions  the  Royal 
Commission  has  to  investigate  is  the  depth 
at  which  coal  can  be  worked  with  commer- 
oi&l  advantage. 

The  chief  obstacle  to  reaching  extreme 
depth  is  the  increase  in  temperature  which 
18  met  as  we  descend.  I  am  justified,  by 
ascertained  facts,  in  saying  that  this  rate  of 
increase  will,  as  a  rule,  prove  to  be  not  less 
than  one  degree  Fahrenheit  for  every  20 
yards  in  depth,  and  there  is  reason  to  ex- 
pect that  it  will  be  even  more  rapid  at 
greater  depths  than  have  yet  been  attained. 
The  constant  temperature  of  the  earth  in 
this  climate  at  a  depth  of  50  ft.  is  50^,  and 
the  rate  of  increase  as  we  descend  is  to  be 
calculated  from  this  starting  point.  Adopt- 
ing these  figures,  you  will  find  that  the  tem- 
perature of  the  earth  will  be  equal  to  blood 
neat  at  a  depth  of  about  980  yards,  and,  at 
a  further  depth  of  500  yards,  mineral  sub- 
stances will  be  too  hot  for  the  naked  skin  to 
touch  with  impunity.  It  is  extremely  dif- 
ficult to  form  an  opinion  as  to  the  maximum 
temperature  in  which  human  labor  is  prac- 
ticable, in  the  damp  atmosphere  of  a  mine, 
and  it  is  almost  equally  difficult  to  deter- 
mine how  much  the  temperature  of  the  air, 
in  the  distant  parts  of  an  extremely  deep 
mine,  can  be  reduced  below  that  of  the  strata 
with  which  it  is  brought  in  contact.  It  is 
certain,  however,  that  the  limit  of  practica- 
ble depth  will  chiefly  depend  upon  the  me- 
chanical means  which  can  be  provided  for 
relieving  the  miners  of  the  severest  part  of 
their  labor;  for  maintaining  a  supply  of 
sufficiently  cool  air  at  the  working  faces  of 
the  coal,  and  for  superseding  the  use  of 
horses,  which  suffer  even  more  than  men 
from  highly  heated  air.  For  the  relief  of 
labor  we  must  look  to  coal-cutting  machines; 
fof  improvement  of  ventilation  to  exhaust- 
ing fans;* and  for  the  superseding  of  horses 
to  hauling  engines  driven  by  transmitted 
power. 

The  employment  of  ooal-cutting  machines, 
worked  bv  compressed  air,  conveyed  into 
the  mine  by  pipes,  is  already  an  accomplish- 
ed fact,  and  when  the  difficulties  and  the 
objections  which  usually  adhere,  for  a  oon- 
siderable  time,  to  new  mechanical  arrange- 


ments are  removed  from  these  machines, 
they  will  probably  attain  extensive  applica- 
tion. One  of  the  earliest  attempts  at  ooal- 
cutting  by  machinery,  was  described  by  the 
late  Mr.  Nicholai  Wood,  at  the  former 
Newcastle  meeting  of  this  Institution,  and 
all  the  really  practical  results  as  yet  obtain- 
ed date  from  that  period.  The  cooling  in- 
fluence of  the  expanding  air  as  it  escapes 
from  these  machines  will  be  a  collateral  ad- 
vantage of  considerable  importance  in  the 
hot  atmosphere  of  a  deep  mine.  The  air 
discharged  from  the  pneumatic  ooal-cutting 
machines  now  in  use  in  the  Hetton  Colliery, 
escapes  into  the  mine  at  a  temperature  of 
seven  degrees  below  freezing,  and  the  cold 
air  from  each  machine  appears  to  be  suffi- 
cient in  quantity  to  lower  the  temperature 
of  the  circulating  atmosphere  bv  one  de- 
gree. If,  as  seems  to  be  probable,  six  or 
seven  of  these  machines  can  be  employed  at 
each  working  face,  we  may  by  this  means 
lessen  the  heat  bv  a  corresponding  number 
of  degrees,  and  thus  afford  very  considera- 
ble relief.  The  employment  of  compressed 
air,  as  a  motive  power,  in  substitution  of 
horse  traction,  is  abo  quite  feasible,  and 
may  be  expected  to  become  quite  general  in 
very  deep  workings.  As  regards  ventila- 
tion, the  fan  machines  of  the  several  con- 
structions tried  have  already  exhibited  great 
superiority  over  the  old  method  of  ventila- 
ting by  an  upcast  furnace  shaft;  and  al- 
though the  efficiency  of  the  furnace  system 
of  ventilation  is  increased  by  depth,  there 
is  reason  to  believe  that  the  fan  will  maintain 
its  superiority  to  greater  depths  than  are 
likely  to  be  reached  in  mining. 

THE  BiSBELL  Tender  Truck. — One  of 
these  trucks,  put  on  the  **  fast  freight  '* 
engine  Elephant,  of  the  Boston  and  Albany 
railroad,  in  January,  1868,  has  been  run 
some  45,000  miles  without  any  expense  for 
repairs.  The  forward  wheels,  over  which  is 
the  center  bearing  spring  peculiar  to  Mr. 
BisselPs  improvement,  are  good  for  many 
thousand  miles  more  of  service,  while  the 
wheels  of  the  rear  truck,  though  carrying 
less  weight  per  wheel,  had  to  be  renewed 
some  three  months  since.  This  fact,  coupled 
with  its  steadiness  on  the  track  ;  unexampled 
ease  in  passing  through  curves ;  saving  of  el- 
pense  in  first  cost,  and  general  simplicity  of 
arrangement,  makes  this  device  a  favorite 
with  all  master  mechanics  who  have  nsed  or 
seen  it.  Locomotive  drivers  all  unite  in  de« 
siring  it  to  be  applied  to  their  engines. 
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Above  the  cylinder  was  fixed  a  light 
qI,  G  ft.  in  length,  made  to  rotate  at  the 
of  one  revolution  per  second,  on  which 
fixed  a  sheet  of  drawing  paper ;  to  the 
of  the  piston  rod  was  fixed  a  pencil  kept 
intact  with  the  rotating  barrel  by  means 
light  spiral  spring,  so  that  at  each  col- 
Q  the  piston  rod  transferred  to  the  paper 
rye,  showing  the  time  occupied  in  pass- 
iTcr  every  portion  of  the  space  through 
h  it  was  driven. 

rom  these  curves  a  series  of  Tables  have 
.  formed  showing  the  velocity  of  the  pis- 
rod  for  every  2  in.  of  the  stroke.  The 
leter  of  the  rotating  barrel  was  12  in., 
lat  one  second  of  time  was  represented 

space  of  37.7  in.  Another  pencil  was 
;hed  to  the  truck  in  a  similar  way  to  the 
on  the  piston  rod ;  thus  two  motions 
1  determined,  the  one  of  the  pistons 
ugh  the  water,  the  other  of  the  truck 
1  in  contact  with  the  piston  rod. 

disc  of  Clarkson's  material  (a  combina- 
of  cork  and  leather)  was  fixed  to  the  end 
le  piston  rod,  and  another  to  the  front 
le  truck,  where  it  came  in  contact  with 
piston  rod  in  order  to  deaden  the  force 
le  blow.  Two  discs  of  india-rubber  were 
I  to  the  wood  block  in  which  the  oylin- 
was  bedded,  against  which  the  truck 
;k  in  those  cases  where  the  force  was 
3ient   to  drive  the  piston   right  home. 

amount  that  these  india-rubber  discs 
t  compressed  was  self-registered,  and  the 
e  of  such  compression  in  foot-pounds 
Dg  been  previously  ascertained,  we  are 
•led  to  estimate  the  remaining  force  with 
h  the  truck  struck  the  cylinder  block. 

same  relative  quantities  of  water  and 

?ere  used  in  all  the  experiments. 

,  .         r  J     5  water 880.6  cubic  in. 

l-m.  cylinder  I  ^.^ ^7  g        u 

Total  capacity  of  cylinder    478.4        " 

Diameter  of  piston  rod        1.6        " 

,  ,         ,.    ,     (water 2,794        " 

Mn.  cylinder  I  ^.^ '424        " 

Total  capacity  of  cylinder    8,218        " 

wcter  of  piston  rod 2.876  inches. 

io  of  thickness  of  piston  ^^  ?  2i  to  1     " 
iiamctur  of  holes $    * 

ifferent  descriptions  of  fluids,  such  as 
glycerine,  and  methylated  spirits,  were 
[  as  well  as  water.  With  a  perforated 
»n  the  resistance  of  the  water  is  not  uni- 
,  being  greatest  at  the  commencement, 
kther  at  that  point  where  the  air  has  re- 
id  its  maximum  compression.     It  was, 


therefore,  considered  desirable  to  try  the 
efi'ect  of  uniform  resistance,  and  Mr.  Butler 
(Constructor  K.  C.  D.)  suggested  a  very 
simple  mode  of  doing  this.  It  consisted  in 
fixing  along  the  length  of  the  cylinder  four 
tapering  rods,  which  passed  through  the 
holes  in  the  piston ;  these  holes  were  consid- 
erably enlarged,  and  the  smallest  end  of  the 
rod  being  towards  the  front,  there  was  a 
large  area  for  the  water  to  pass  through  in 
the  first  instance,  gradually  diminbhing  in 
proportion  to  the  decreasing  velocity  of  the 
piston,  thus  keeping  up  an  uniform  velocity 
of  flow  through  the  holes. 

In  order  to  get  the  effect  of  an  air  huffier, 
for  the  sake  of  comparison,  a  solid  piston  fit- 
ting well  in  the  cylinder  was  also  tried.  It 
would  exceed  the  limits  of  this  paper  to  give 
all  the  tables  of  velocities  and  plates  of 
curves,  but  I  think  the  accompanying  dia- 
grams will  give  an  idea  of  the  nature  of  the 
experiments. 

In  Table  I  are  included  the  results  of  all 
the  experiments,  showing  the  total  length  of 
stroke  and  time  occupied  in  each  case  with 
velocities  up  to  43^  ft.  per  second. 

In  Table  II,  I  have  shown  a  comparison 
between  the  actual  results  obtained  and 
those  calculated  by  the  following  formula, 
based  on  the  assumption  that  the  work  done 
on  the  water  to  produce  a  certain  velocity  is 
equal  to  that  which  has  been  expended  in 
raising  the  water  to  the  height  from  which 
it  would  have  fallen  to  acquire  the  same 
velocity : 

J         Wc«   ,    ,  (  Att^R'V,    1  ) 

^=AlinK^  ^^«    i  27IVW+ M 

L=length  of  stroke. 
W=weight  of  truck. 
A=arca  of  .piston. 
ll=ratio  of  area  of  piston  to  orifice. 
V«»=velocity  at  impact. 
(i)=62.5  (weight  of  a  cubic  foot  of  water.) 
io=coefficient  of  friction  of  piston-rod,  &c. 
e=coefficient  of  discharge. 

The  above  formula  applies  when  the  action 
is  on  water  alone,  and  the  cylinder  quite 
full ;  a  correction  therefore  is  necessary  on 
account  of  the  air  space. 

It  appears,  from  experiment,  that  the  air 
is  compressed  into  about  three-fourths  of  its 
original  bulk  before  any  material  reaJBtance 
is  offered  to  the  piston. 

Some  trials  were  also  made  with  the  4-in. 
cylinder  quite  full  of  water  and  a  solid  pis- 
ton, the  water  being  driven  out  of  the  cyl- 
inder through  a  1-in.  hole  at  the  end. 
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jmition  of  the  cliarge  and  the  expulsion  of 
UI6  shot  from  the  pieces  is  scarcely  sensible." 
Bo  £ir  the  action  of  the  portion  of  the  charge 
iBitijdly  inflamed  is  of  an  impulsive  or  per- 
enaraye  nature,  generating,  as  it  does,  velo- 
eity  in  the  shot  in  an  iude&iitely  short  period 
of  time.  After  this  we  arrive  at  the  gist  of 
the  whole  theory.  ^'  Whilst  the  shot  is  tra- 
Tersing  the  initial  space  the  rest  of  the 
charge  is  undergoing  complete  conversion 
into  gas,  and  when  such  conversion  has  taken 
place  the  gas  rushes  forth  in  the  direction  of 
the  aixis  of  the  bore."  This  volume  of  gas 
by  means  of  its  kinetic  energy  condenses  a 
portion  of  itself  in  that  space  that  has  been 
just  vacated  by  the  shot. 

Mr.  Thomas  then  proceeds  to  narrate  how 
he  was  induced  by  these  considerations  to 
make  a  series  of  experiments  for  the  purpose 
of  ascertaining  the  relation  between  the  ini- 
tial velocity  of  the  shot,  its  own  weight,  and 
that  of  the  powder  employed.  Four  laws 
are  stated  as  the  results  of  his  observations. 
By  the  aid  of  these  laws  he  deduces  exprcs- 
Bions  for  the  initial  velocity,  the  tensional 
strain,  and  the  corroding  effect  of  the  pres- 
sure. It  is  then  shown  how  the  weights  of 
the  powder  and  shot  may  be  varied  accord- 
ing to  circumstances  without  altering  the 
strain  on  the  gun. 

It  must  be  confessed  that  there  is  some- 
thing very  plausible  in  this  theory ;  the 
principles  which  it  embodies  are  being  daily 
recogniied  by  those  who  have  had  experience 
in  ffunnery.  We  hope  that  our  authorities 
will  soon  take  the  important  subject  into 
consideration.  We  shall  ourselves  hail  with 
delight  the  establishment  of  a  theory  which 
promises  to  ensure  the  safety  and  perfection 
of  those  mighty  instruments  for  the  preser- 
vation of  peace,  and  to  relieve  us  from  the 
fear  of  having  such  gigantic  offsprings  of  la- 
bor and  ingenuity  cut  off  by  any  more  errat- 
ic freaks  on  the  part  of  nature. — Mechanics' 
Magazine. 


MARINE  Engine  Economy. — To  that 
large  branch  of  the  mechanical  engi- 
neering profession  whose  members  are  de- 
signers or  constructors  of  marine  engines, 
nothing,  at  the  late  Newcastle  meeting, 
eonid  have  afforded  more  interest  than  the 
fine  ships  bnilding  at  Leslie's  (of  Hebbum) 
for  Lamport  &  Holt,  and  the  remarkable 
engines,  constructing  by  Robert  Stephenson 
&  Co.,  intended  to  push  them  30,000  miles 
out  and  home  between  Liverpool  and  China. 
The  ships — four  in  number,  and  intended  for 


the  tea  trade — are  each  315  ft.  long,  with 
proportionate  beam  and  depth.  The  en- 
gines, designed  by  Mr.  Alfred  Holt,  are 
unique.  For  each  ship  there  is  a  compound 
engine,  working  upon  a  single  crank — a  29 
in.  high  pressure,  and  66  in.  low  pressure 
cylinder,  with  4  ft.  stroke  of  pistons.  The 
high  pressure  steam  is  taken  from  boilers 
worked  at  76  lbs.  per  sq.  in. — boilers  9  ft. 
in  diameter,  and  made  of  West  Cumberland 
hematite  plates,  |  in.  thick,  and  double 
riveted  on  all  scams.  It  need  hardly  be 
mentioned  that  these  boilers  are  fed  from 
their  own  condensed  steam,  the  surface  oon« 
densers  being  fitted  with  wood  ferrules. 
There  are  two  boilers  in  each  ship,  each 
boiler  having  two  circular  furnaces  at  each 
end,  making  eight  furnaces  in  all  for  each 
vessel.  Each  furnace  is  3  ft.  6  in.  in  dia- 
meter, and  of  proportionate  length,  the  out- 
let from  each  furnace  being  through  a  short 
18  in.  flue  communicating  with  a  combustion 
chamber  at  the  mid  length  of  the  boiler. 
From  this  combustion  chamber  90  tubes, 
each  4  in.  in  diameter,  and  8  ft.  2  in.  long, 
return  to  each  front  or  furnace  end,  making 
180  tubes  in  each  boiler,  or  360  in  all  for 
the  pair.  The  waste  products  of  combus- 
tion are  again  led  back,  over  the  boiler, 
through  a  super-heater,  to  a  chimney  com- 
mon to  both  double  boilers,  with  their  eight 
furnaces.  The  cylinders  themselves,  a  top 
high  pressure  and  a  bottom  low  pressure, 
are  enclosed  in  a  wrought- iron  steam-jaokei 
6  ft.  or  more  in  diameter.  The  detaib  of 
these  engines  are  cleverly  designed,  and  the 
workmanship  is  all  that  a  connoisseur  would 
expect  from  the  great  house  of  Roberc 
Stephenson  &  Co.,  who,  by  the  way,  ought, 
by  this  time,  to  be  commissioned  by  the 
Admiralty. 

It  is  asserted,  upon  the  best  authority, 
that  ships  of  the  class  under  notice,  with 
Holt's  engines,  make  their  eleven  knots  an 
hour,  month  in  and  month  out,  and  at  a  rato 
of  consumption  hardly  rising  to  2  lbs.  of 
coal  per  indicated  horse-power  per  hour. — 
Engifieering. 

PRODUCTION  OF  Steel  Rails.  —  The 
rail  mill  of  Messrs.  John  A.  Griswold 
&  Co.,  Troy,  is  now  turning  out  60  to  70 
tons  of  steel  rails  per  day.  A  part  of  the 
raib  are  rolled  from  hammered  blooms,  and 
a  part  from  ingots  bloomed  and  then  re- 
heated before  being  rolled  into  rails.  Sev- 
eral rail  ends  from  each  charge  of  steel  are 
tested  by  blows  from  a  5-ton  hammer. 
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^dih  of  the  bridge,  from  outside  to  outside, 
is  SI  ft.  Each  of  the  piers  for  the  fixed 
spaiui  consists  of  three  oast-iron  cylinders, 
of  7  ft.  diameter  and  about  90  ft.  in  length. 

-  The  depth  from  the  under  side  of  the  bridge 
to  the  bed  of  the  channel,  in  the  deepest 
part,  is  about  61  ft.  The  headway  beneath 
the  bridge  is  14  ft.  6  in.  from  high  water 

•  datum  and  80  ft.  6  in.  from  low  water.  The 
swinging  portion  of  the  bridge  consists  of 
three  main  wrought-iron  girders,  250  ft. 
length  and  16  ft.  6  in.  deep  at  the  center, 
diminishing  to  4  ft.  deep  at  the  ends.  The 
eenter  girder  is  of  larger  sectional  area  than 
the  side  girders,  and,  instead  of  being  a 
single  web,  is  a  box  girder  2  ft.  6  in.  in 
width,  with  web  plates  /^th  to  -f^th  in.  in 
thickness,  and  the  top  and  bottom  boom 
contains  about  132  sq.  in.  of  section.  The 
roadway  is  carried  upon  transverse  wrought- 
iron  girders  resting  upon  the  bottom  flanges 
of  the  main  girders.  In  the  center  of  the 
bridge  the  main  girders  are  stayed  by  throe 
transverse  wrought-iron  frames  securely 
fixing  them  together ;  and  over  the  top  of 
these  frames  a  floor  is  laid,  from  which  the 
bridge  man  controls  the  movements  of  the 
bridge.  An  annular  box  girder,  32  ft. 
mean  diameter,  is  situated  below  the  center 
of  the  bridge,  and  forms  the  cap  of  the  cen- 
ter pier ;  this  girder  is  3  ft.  2  in.  in  depth, 
8  ft.  in  width,  and  rests  upon  the  top  of  six 
cast-iron  columns,  each  7  ft.  diameter, 
which  are  arranged  in  a  circle,  and  form  the 
center  pier  of  the  bridge.  Each  of  these 
columns  has  a  total  length  of  90  ft.,  being 
sunk  about  29  ft.  deep  in  the  bed  of  the 
river.  A  center  column,  7  ft.  in  diameter, 
is  securely  braced  to  the  other  columns  by  a 
set  of  cast-iron  stays,  which  support  the 
floor  of  the  engine-room.  This  center  col- 
umn contains  the  accumulator,  and  forms 
the  center  pivot  for  the  rotation  of  the 
bridge.  The  weight  of  the  swing  bridge  is 
670  tons.  There  is  no  central  lifting-press, 
and  the  entire  weight  rests  upon  a  circle  of 
conical  live  rollers.  These  are  26  in  num- 
ber, 3  a.  diameter  and  14  in.  width  of  tread, 
and  artf  made  of  cast-iron,  hooped  with  steel, 
and  they  run  between  two  circular  roller 
paths  82  ft.  diameter.  These  roller  paths 
are  15  in.,  and  are  made  of  cast-iron,  faced 
with  steel ;  the  axles  of  the  rollers  are  hori- 
sontal,  and  the  two  roller  paths  are  turned 
to  the  same  bevel.  The  turning  motion  is 
communicated  to  the  bridge  by  moans  of  a 
circular  cast-iron  rack  12|  in.  wide  on  the 
face,  and  6 J  in.  pitch.  It  is  shrouded  to  the 


pitch  line,  and  is  bolted  to  the  outer  circum- 
ference of  the  upper  roller  path.  It  gears 
with  a  vertical  bevel  wheel,  which  is  carried 
by  a  steel  center  pin,  supported  oh  the  lower 
roller  path.  This  is  driven  by  a  pinion 
coonected  by  intermediate  gearing  with  the 
hydraulic  engine.  There  are  two  of  these 
engines,  duplicates  of  one  another,  either  of 
which  is  sufficient  for  turning  the  bridge. 
The  force  required  to  turn  the  bridge  is 
equal  to  about  ten  tons  applied  at  the  radius 
of  the  roller  path.  Each  hydraulic  engine 
is  a  three-cylinder  oscillating  engine,  with 
simple  rams  4^  in.  diameter  and  18  in. 
stroke.  These  engines  work  at  40  revolu- 
tions per  minute,  with  a  pressure  of  water 
of  700  lbs.  per  inch,  and  are  estimated  at 
40-horse  power  each.  The  steam  engines 
for  supplying  the  water  pressure  are  also  in 
duplicate,  and  are  double  cylinder  engines, 
driving  three  throw  pumps  2.8  in.  diameter 
and  5  in.  stroke,  which  deliver  into  the  ac- 
cumulator. The  diameter  of  the  steam  cyl- 
inders is  8  in.,  and  the  stroke  of  the  piston 
is  10  in.,  each  engine  being  12-hor8e  power, 
The  accumulator  consists  of  16^  in.  ram, 
with  a  17  ft.  stroke,  and  is  loaded  with  a 
weight  of  67  tons,  the  weight  being  com- 
posed of  cast-iron  segments  suspended  from 
a  crosshead  and  working  down  in  the  cylin- 
drical casing  formed  by  the  center  cylinder. 
For  the  purpose  of  obtaining  a  perfectly 
solid  roadway  when  the  bridge  b  in  posi- 
tion for  the  passage  of  trains,  and  also  for 
securing  the  perfect  continuity  of  the  line  of 
rails,  the  following  apparatus  is  applied: 
Each  extremity  of  the  bridge  is  lifted  by  a 
horizontal  hydraulic  press  acting  upon  levers, 
forming  a  toggle  joint,  the  piers  having  two 
rams  acting  in  opposite  directions  upon  two 
toggle  joint  levers,  which  act  one  upon  each 
side  of  the  end  of  the  bridge,  and  they  are 
connected  by  a  horizontal  bar,  which  is  con- 
fined by  a  stud  sliding  in  a  vertical  guide, 
so  as  to  ensure  parallel  action  of  the  two 
toggle  joint  levers,  and  producing  exactly 
parallel  lifting  of  the  two  sides  of  the  bridge. 
Three  resting  blocks,  one  under  each  girder, 
are  pushed  home  when  the  end  of  the  bridge 
is  lifted  by  means  of  two  separate  hydraulic 
cylinders,  and  the  bridge  is  then  let  down 
upon  the  resting  blocks  by  the  withdrawal 
of  the  togffle  joint  levers,  and  the  bridge 
ends  are  then  perfectly  safe  for  trains  to 
pass  over.  The  hydraulic  cylinders  for  this 
fixing  gear  at  the  two  ends  of  the  bridge  are 
worked  by  the  bridgeman  from  the  center 
platform  by  means  of  two  levers,  and  for  tho 
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1  of  the  water  being  eftsily  ascertained  by 
Hooking  against  the  air-vessel. 

Things  being  now  disposed  as  described, 
fe  might  be  supposed  that  the  discharge 
roold  have  gone  on  unintermptedly,  requir- 
ng  only  a  careful  attention  to  replenish  oc- 
aBionally  with  water  the  air  vessel;  but 
och  was  not  the  case ;  at  first  the  joints  had 
leen  made  tight  by  packing  with  oakum  and 
.hen  thickly  pitched  over.  The  syphon  was 
Llled  with  water  through  the  air-vessel, 
vhioh  being  then  closed  and  the  ends  open, 
iho  water  began  to  flow ;  but  this  did  not 
Mmtinue  for  more  than  five  or  ten  minutes, 
■iien  the  air-vessel  was  found  empty  of 
water,  and  had  to  be  replenished  at  these 
riiort  intervals;  moreover,  notwithstanding 
this  tedious  repetition  of  feeding  the  syphon, 
it  would  ultimately  run  dry  in  about  two 
hoars. 

This  was  a  truly  discouraging  circumstance ; 
we  ascribed  it  to  the  fact  that,  there  being 
upwards  of  200  joints,  air  was  introduced  in 
■mall  bubbles  through  the  oakum  packing 
by  the  external  pressure  at  every  joint,  and 
that  it  accumulated  rapidly  all  along,  espe- 
eially  in  the  longer  arm  of  the  syphon,  which 
soon  became  too  light.  Accordingly,  we  de- 
eided  not  to  abandon  the  enterprise,  but  to 
eaulk  the  joints  with  lead  in  the  usual  way, 
which  was  not  done  before  for  motives  of 
eeonomy,  and  because,  it  being  only  a  tem- 
porary fixture,  it  would  have  been  more  eas- 
ily taken  apart. 

This  operation  was  not  yet  entirely  suc- 
oessfiil,  though  the  caulking  was  made  so 
hard  that  many  of  the  bells  broke  in  pack- 
ing, without  making  the  joints  perfectly  im- 
permeable. Then  a  cement  was  made  of 
equal  parts  of  white  load  and  red  lead 
mixed  to  the  consistency  of  soft  putty,  with 
equal  quantities  of  Japan  varnish  and  boiled 
linseed  oil.  This  cement,  carefully  coated 
oyer  the  joints,  made  them  at  last  perfectly 
tight.  The  syphon,  thus  improved,  runs 
now  regularly.  Still  the  air-vessel  must  be 
replenished  with  water  every  two  hours, 
which  is  done  by  a  pipe  leading  from  a 
spring,' and,  moreover,  every  six  hours  the 
ends  must  be  closed,  and  the  whole  syphon 
filled  in  anew  with  water ;  otherwise  it 
would  run  dry.*  It  is  probable  that,  owing 
to  its  being  so  long,  and  consequently  so 
level,  bubbles  of  air  travel  alons  very  slowly 
and   increase  in  sise    gradually;   possibly 


some   air  may  find  its  way  under  external 
pressure  through  the  iron  itself. 

A  curious  circumstance  took  place  in  the 

beginning:   the   tunnel   having    progressed 

I  much   beyond  the  well  of  the  syphon,  and 

I  the   water   considerably  increased,  a  horse 

I  power  with  chain  pumps  was  constructed  at 

the  further  end  to  pump  up  the  water  into 

troughs,  by  which  it  is  led  to  the   syphon 

welL     Hero,  the  syphon   being  insufiicient 

for   this   accession  of  water,  another  horse 

power  was  introduced  to  pump  up  water  out 

of  the  same  well.     As  soon,  however,  as  the 

chain  pumps  began  to  revolve  in  the  well, 

the  syphon  suddenly  stopped  and  we  were 

obliged  to  dig  a  separate  well  for  it ;  since 

which  time  both  have  worked  well. 

The  syphon,  by  actual  measurement,  when 
just  replenished,  discharges  43^  gallons  per 
minute,  whereas,  all  known  formulte  give  be- 
tween 54  and  60  gallons,  and  furthermore, 
in  ^'Weale's  Engineers'  and  Contractors* 
Companion,"  occurs  this  conflicting  remark, 
taken  from  R.  A.  Peacocke's  work: 

'*  By  Dr.  Young's  formula  (considered  by 
him  the  best) — 

A   &-inoh  pip«  would  be  used  where  a  3i  would  enfUoo. 

7        <<  €t  €t  €€  5  <( 

10    '*  «  «  <<       7  « 

14      <<  «  €€  t€        10  « 

and  then  he  goes  on  to  show  the  useless  ex- 
penditure resulting  from  pipes  too  large  be- 
ing used  in  obedience  to  these  formulie.  But 
here  in  this  extraordinary  long  syphon,  his 
opinion  is  not  sustained,  and  we  find,  on  the 
contrary,  the  discharge  is  less  than  the  for- 
mulas give ;  and  that  neither  they  nor  Mr. 
Peacocke's  rules  are  applicable  to  this  case. 
The  syphon  I  have  described  is,  I  believe, 
the  longest  ever  attempted  to  be  used,  and 
on  this  account  the  results  and  anomalies  it 
presents  are  somewhat  interesting.  It  cer- 
tainly has  rendered  considerable  service  in 
the  Blue  Eidge  Tunnel ;  with  no  other  cur- 
rent expense  than  the  employment  of  a  man 
to  attend  to  the  air-vessel. — Col.  C.  Crozet 
in  Journal  Franklin  Institute, 


*  Wonld  Dot  this  be  remedied  bj  nutking  the  air- 
▼mel  i^^'Oeting  like  the  Air  Tulves  sometimee  nied 
w  water  iiiaui>7— Ab/e  by  J,  C.  Trautwint. 


TESTING  Bails  and  Axles. — A  suita- 
ble movable  anvil,  to  be  placed  tempora- 
rily upon  the  flat  anvil  of  a  heavy  steam- 
hammer,  makes  a  convenient  testing  ma- 
chine. It  has  been  proved  by  experiment 
that  a  5-ton  hammer  falling  20  inches  upon 
a  rail  having  one  foot  bearings,  is  about 
equivalent  to  a  1-ton  weight  falling  ten 
feet  upon  a  rail  having  three  feet  bear- 
ings. 
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ON  THE  THERMAL  EiNERGY  OF  MOLECU- 
LAR VORTICES. 

Abstract  of  «  prtpor  before  tho  Boynl  Society  of  Ed- 
inburgh, by  W.  J.  AlACQUORir  Hasi&ike,  1\  11.  8., 

In  a  previous  paper,  presented  to  the  Royal 
Society  of  Kdmburgh  in  December,  1849, 
and  read  on  the  5  th  of  February,  1850 
(Trans,  vol.  xx.)»  tho  author  derlucod  the 
principles  of  thermodynamics,  and  various 
properties  of  elastic  fluids,  from  the  bypo th- 
esis of  molecular  vortices,  under  certain  spe- 
cial suppositions  as  to  the  figure  and  arrange- 
ment of  the  vorticea,  and  as  to  the  properties 
of  the  matter  which  moves  in  them.  In 
Bubscquent  papers  he  showed  how  the  hy- 
pothesis might  be  simplified  by  dispensing 
with  some  of  the  special  suppositiuns,  lu 
the  present  paper  he  makes  further  progress 
in  the  same  directirm,  and  shows  how  the 
general  eiiiuitiuu  of  thermodjnaiiucst  aud 
other  propositions,  are  deduced  from  the  hy- 
pothesis of  molecular  vortices,  when  freed 
irora  all  special  suppositions  as  to  the  figure 
and  arrangement  of  the  vortices,  and  the 
properties  of  the  matter  that  moves  in  thcra, 
and  reduced  simply  to  the  following  form : 
that,  thermometric  heat  consists  in  a  motion  of 
the  particleff  of  bodies  m  circulating aireams, 
mth  a  velocity  either  constaiU  or  Jluctuuting 
periodically.  This,  of  course,  implies  that 
the  forces  acting  amongst  those  particles,  ai-c 
capable  of  transmitting  that  motion. 

The  principal  conclusions  arrived  at  are 
the  following: 

1.  In  a  substance  in  which  the  action  of 
tho  vortices  is  isotropic,  the  iutensity  of  the 
centrifugal  pressure  per  unit  of  area,  is  tivo- 
thirds  of  the  energy  due  to  the  etendy  cir- 
culation in  an  unit  of  volume.  The  centri- 
fugal pressure  is  the  pressure  exerted  by  the 
substance  in  the  perfectly  gaseous  state. 

2.*  If  there  be  substances  in  which  the 
action  of  the  vortices  is  not  isotropic,  then 
in  such  substances  tho  proportion  already 
stated  applies  to  the  mean  of  the  intensities 
of  the  centrifugal  pressures  in  any  three 
orthogonal  directions, 

3.  •  The  proportion  wh  ich  the  whole  energy 
of  the  vortiues,  including  that  of  the  peri- 
odic disturbances,  btjars  to  the  energy  of  the 
steady  circulation  alone,  may  be  eonstant  or 
variable. 

4.  Absolute  temperature  is  proportioned 
to  the  energy  nf  the  steady  circulation  in 
unity  of  mass,  and  to  the  specific  volume  in 
the  perfectly  ga*icous  state, 

6.  In  Hubstanced  which  arc  nearly  in  the 


perfectly  gaseous   atate, 

the  proportion   m   whtoh   tbe  vMe 

exceeds  that  of  ih      •    ■ 

sensibly  coastaol :  m 

by  computing  in  wnii:  pn>poruanl 

icul  value  of  the  iFp«eifie  heal  %JLi 

ume  exceeds  onec   and  n  bftlf 

found  by  dividing  the  pri^diiiOl  of  1 

aud   volume   by  tbd  abfiolule 

*The  following  aro  exAmptes :— dt ,  L^ 

nitrogen,  1.6S0  ;  oxygisn,   Ld67; 

1.014;  steam.ga«,  2/i42, 

6.  The  known   generml  ^wtioii  iff 
modynamics  is  deduoed  ftvm  tW  ' 
of  molecular  vortioos,  •freeii  frdm  1 
suppositions  made  iji  the  piper  <iC 

The  new  concluaious  obtAuieii 
sent  paper  aro   marked   •. 
marked  were  arrived  at  in  the  mn 
50.  *^ 

The  general  equalifm  of 
is  here  stated  for  convcitteiM^  ;  lei  rf()) 
thermal  energy  ^bi**b  fms?*!  bojpvim  lui 
of  mass  of  a  ^ttvm^  m 

produce  a  givi  i  y 

its  temperature  and  dimettaia 

in  which  r  la  the  aboolalc 

tp  the  thermctflynamio  fuotflioa*     Tk  ' 

of  that  function  i»— 

Jc  being  the  dynamical  valnie  of  tbe  nail 
cifio  heat;  U,  the   potential  ^mergj  d\ 
elasticity  of  the   body  at  ccmitlauil 
ture  J  and  x  (")*  a  function  of  Ui« 
temjHirature,  which  is  null  or 
in  a  substaucc  capable^  at  that  fiiii|iiMm^ 
of  approximating  ih  '  tkepeiMff 

gaseous  state,  aud  ^  thcf 

in  order  to  provide  for  thu  pi/Miibi] 
gestod  by  Clausitis,  thai  there  ma/l 
stances  which  have  not  that  profKilj  all 
temperatures. 


THIS    CoxNK  WftiTiair 

ROAD,    a  1  1^0    BfWtoll, 

and  Eric,   now    buitdiug,    will 
pay  as  a  trunk  Hnr,    bnl   iui  ebitf  fali*U 
the  public,  an^^  Uslv  to  AuAeUtn, 

will  be  the  fai  i  wiU  afford  fm  Kri&r 

ing  cheap  coal  to  the  matiy  BamiliiianK 
villages  of  Connecltcut   -^r^-^  ^-^^ 
excellent  iron  ore«t  of  t 
jacent  regions  to  thi*  II  . 
be  smelted  with  autbrii  ^  1 
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AYELISG  &  PORTEirS  TRiVCTION 
ENGINES. 

'  AQRICtXTfrmAL  LOCOMOTIVES  AND  TRAM- 
WAY   KNQINES. 

i  subject  of  Traetion  engioes  as  loeo- 

1t€«  for  ordinary  roada  and   for  agrtctil- 

I  |jiir»l   and  other   purposes,  b   attracting  a 

large  amount  of  attention  in  this  country^ 

best  eertamly   not    tnore  than  its  vast  im- 

Eortmnce  entitled  it  to.  In  the  London  E^- 
ibttioti  of  IS51,  there  was  not  one  Traction 
I  ^q^ue,  aud  it  was  the  general  belief  that 
fi0Q«  eould  be  contrived  to  answer  any  com- 
mercial purpose.  In  the  London  Eihibi- 
lioD  of  1845:2,  nine  of  these  engines  were  ex- 
hibited. At  the  Royal  Agricultural  Soeie- 
ty's  Dieeting  at  Canterbury  in  1860,  Mr. 
Areling,  of  Rochester,  exhibited  a  self-pro- 
pelling engine,  but  it  wa^  regarded  with  iu- 
aifference  by  the  oflicers  of  the  society,  and 
WB£  catalogued  with  the  ^^nii^fcellaneous^' 
•Ytielca. 

8inee  that  time»  however,  the  iraportanec 
mnd  advantages  of  self-propelling  engines 
over  the  ordinary  "Portable engines,"  which 
have  to  be  conveyed  from  place  to  place  by 

horse- power,   or  otherwise  dragged  heavily  ^      ^    ,,  .  »  - 

along  by  a  vast  expenditure  of  manual  labor,  plicated,  and  in  many  rehpccts  better  adapt 
ifl  an  aduiitted  fact,  and  not  only  are  these  i  ed  for  general  traetinn  purposes  than  en* 
Traction  engines  employed  for  agricultural  i  gines  with  double  cylinders.  The  driving- 
purposes,  but  they  can  be  seen  in  successful  |  wheels  arc  *5  ft.  6  in.  diameter,  and  18  in, 
operation  in  England  and  many  other  parts  j  wide,  and  have  spaces  in  the  face  tn  order  to 


of  the  world — in  the  timber  yard,  at  the  coal- 
field, the  copper  mine  and  the  stone  quarry, 
where  they  are  doing  the  work  of  hor&ea  at 
has  than  half  the  cost. 

The  illustrations  accompanying  this  arti- 
cle are  perspective  views  of  road  locomo- 
tives and  tramway  engines  as  manufactured 
by  Messrs.  xiveling  &  Porter,  of  Kocheater, 
England^  and  43  Exchange  Place,  New 
York,  who  are  amongst  the  most  successful 
English  makers  of  this  description  of  engine. 

Aveling  &  Porter's  Patent  Road  Loco- 
motive engine  is  arranged  with  double  gear- 
ing to  travel  at  two  speeds,  viz:  ^J  miles 
and  5  miles  an  hour.  The  working  parts 
are  housed  in  from  the  influence  of  dust 
and  weather.  This  engine  has  one  cylin- 
der placed  on  the  forward  part  of  the 
boiler  and  surrounded  by  a  steam-jacket, 
at  the  top  of  which  is  placed  the  throttle-valve. 
Priming  in  ascending  steep  inclines  is  there- 
by prevented,  and  the  use  of  steam- pipes, 
either  inside  or  outside  the  boiler,  is  avoid- 
ed. Engines  with  single  cylinders  and  re- 
versing gear  when  connected  to  the  driving 
axle  by  means  of  Aveling^s  patent  chain 
gear,  have  proved  themselves  to  be  thor- 
oughly efficient,  more  powerful,   less  com- 


Aveilfig  ^  Pc»rl<ir*«  Pat4?tit  Road  Locoiuotjve  or  Traction  Engine. 
Vol,  K— Nu.  11.^05. 
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^  Tlie  adherence  resulting  therefrom  was 
Mslj  neocasarj  for  the  working  of  the  engitio 
^up  inclines  of  .030  to  ,033  (1  in  33  to  1  in 
30)  and  at  starting. 

•^The  load  of  81,253  kilogrammes  (TOj^ 
I  idLs)  which  the  engine  drew  on  level  ground 
net  the  limit  of  what  it  can  draw  under 
thene  conditions. 

•*  The  sipeed  of  four  kilometers  (2.48  miles) 
per  hour  appears  suitable  for  fraffic  of  this 
nature,  and  renders  the  manoenvers  so  easy 
that  the  train  is  well  managed  by  a  superin- 
londent,  an  engine  driver,  and  an  assistant 
solely  employed  to  guide  the  steering  wheel 
in  front. 

'  Done  by  the  Engineer,  Sub-Director 
of  the  Conservatoire  Imperial  des 
Arts-et-M^tiers. 
^  Paris,  15M  January,  1868. 

-IT.  TRESCA. 
"Approved — The  Director. 

**  General  Morax." 

It  is  upon  the  general  principles  adopted 
I  in  the  manufacture  of  Aveling  &  Porter's 
'  Tomil  traction  engine,  that  their  agricultural 
locomotive  has  been  designed.  The  second 
iiluatratton  gives  a  view  of  this  machine, 
which  is  GBpecially  adapted  for  steam  culti- 
Tation,  thrashing,  sawing,  pumping,  and  re- 
moving agricultural  produce.  The  boiler  ia 
nnui^ually  large ;  it  is  clothed  entirely  with 
hair  felt,  l^^gged  and  covered  over  with  sheet- 
iron,  and  proved  to  a  pressure  nf  200  lbs.  to 
the  square  inch*     Want  of  heating  surface, 


and  the  u»e  of  steam  pipes  inside  the  boiler, 
caufijng  loss  from  leakage  and  waste  in  re- 
heating the  exhaust  steam  on  its  passage  to 
the  atmosphere,  are  serious  faults  common 
in  agricultural  engines.  In  this  engine  the 
cylinder  is  placed  on  the  forward  part  of  the 
l>oiler,  surrounded  by  a  steam-jacket,  and 
with  arrangements  otherwise  similar  to 
Aveling*8  road  locomotive.  The  driving 
wheels  arc  5  feet  6  inches  diameter,  and 
16  inches  wide.  The  engine  is  capable 
of  taking  a  load  of  from  10  to  15  tons 
over  ordinary  roads.  There  are  400  of  these 
engines  in  use  in  England  and  many  conn* 
tries  of  the  European  continent,  and  the  tes- 
timony of  the  best  and  most  competent 
judges  affirms  the  superiority  and  economy 
of  the  agrictiltural  locomotive  over  all  des- 
criptions of  engines  used  for  farm  purposes. 
The  simple  **  Portable  engine,**  without  any 
capacity  for  propel! tng  itself,  is  but  a  small 
"half  measure  *'  towards  economy,  and  the 
difference  in  the  cost  of  a  locomotive  and  an 
engine  which  necessitates  the  expenditure  of 
much  time  and  expense  for  its  removal  is  so 
trifling  when  compared  with  the  advantages 
gained  by  the  newer  methods,  that  there  is 
little  doubt  of  the  ultimate  adoption  in  this 
country  of  a  plan  that  has  proved  so  entirely 
fluccossful  al*road.  The  prize  medals  of  the 
International  Exhibition,  London,  1862, 
and  the  Universal  Exhibition,  Paris,  1867, 
were  awarded  to  thin  engine. 

The  third  illustration  exhibits  a  looomo* 


Aveling  U  Porter's  Patojit  Tramway  Engine, 
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taDces;  s  third  represents  it  fixed  to  a 
aquare,  and  a  fourth  to  a  short  flat  bar  of 
wood,  as  levels  for  workmen;  and  a  fifth 
shows  it  fixed  to  a  quadrant  for  navigation. 

In  this  first  publication  the  inventor  is 
not  named.  But  in  a  small  work,  called 
**Recueil  des  Voyages  de  M.  Th6venot," 
Paris,  1681,  there  is  a  description  of  the 
iastrumcnt  by  Thevenot,  preceded  by  a 
statement  that  he  invented  it  fifteen  years 
before  that  time ;  and  that  he  then  gave  a 
description  of  it  to  the  public.  This  agrees 
with  the  description  in  the  '*  Journal  'des 
Savants,"  referred  to  above,  which  no  doubt 
was  written  by  Th^venot  himself.  He  also 
states  that  soon  after  its  invention  an  ac- 
count of  it  was  sent  to  the  Royal  Society  of 
London.  The  celebrated  Dr.  Hooke  was 
then  a  constant  attendant  at  the  meetings 
of  this  body.  By  this  means  he  became  ac- 
quainted with  it ;  and  seeing  that  it  would 
be  of  the  greatest  advantage  to  astronomy, 
to  navigation,  to  engineering,  and  to  build- 
ing, he  had  some  excellent  tubes  prepared, 
and  applied  them  to  various  instruments ; 
and  he  subsequently  produced  the  spherical 
spirit-level.  From  this  circumstance  the 
invention  of  the  spirit-level,  now  in  common 
use,  has  been  ascribed  to  Hooke,  but  it  is 
undoubtedly  due  to  Th^venot.  Much  merit 
is  due,  however,  to  Hooke  for  aiding  to  per- 
fect it,  and  to  apply  it  to  science.  He  was 
the  best  practical  mechanician  of  his  time, 
as  is  evidenced  by  his  numerous  valuable 
inventions.  He,  as  well  as  Wren,  whose 
name  is  displayed  in  the  most  prominent  of 
red-letters  on  the  fame-roll  of  British  archi- 
tects, were  contemporary  with  Newton ;  and 
both  Hooke  and  Wren  were  within  an  ace 
of  seeing  and  propounding  the  principle  of 
universal  gravitation  at  the  moment  when 
the  great  intellect  of  Newton  had  grasped 
and  mastered  it, — dispelling  forever  the 
mist  that  had  obscured  it. 

As,  however,  the  instrument  was  new, 
and  there  were  difficulties  in  constructing  it 
with  precision,  nearly  a  century  elapsed  be- 
fore those  difficulties  were  removed,  and  it 
obtained  the  preference  it  merited  over  the 
water-levels  and  plumb-levels  then  in  use, 
as  well  as  over  those  that  were  invented 
durine  the  interval,  most  of  which  are 
now  almost  forgotten.  It  was  first  practic- 
ally employed  in  this  country,  in  1756,  by 
Smeaton,  for  leveling  the  foundation  and 
courses  of  stone  of  the  noble  lighthouse 
which  he  designed  and  erected  on  the  Eddy- 
stDoe.    Th^venot's  simple  glass  tube  is  now 


applied  to  nearly  all  the  instruments  used 
in  leveling,  and  it  is  tke  level  par  excellence. 

Its  Construction. — The  spirit-level,  as  or- 
dinarily constructed,  consists  of  a  short 
cylindrical  glass  tube,  whose  interior  sur- 
face is,  or  should  be,  ground  to  a  slight  reg- 
ular curvature  lengthways,  and  then  pol- 
ished. The  curvature,  which  is  much  exag- 
gerated in  the  figure,  is  almost  imperceptible 
in  the  tube,  the  radius  being  from  300  ft.  to 
600  ft.  The  tube  is  nearly  filled  with  a 
very  limpid  liquid,  leaving  a  small  space 
occupied  by  an  air-bubble.  The  open  ends 
are  then  hermetically  sealed  by  melting  the 
glass  around  them  with  the  blow-pipe. 

Alcohol  or  sulphuric  ether,  whose  specific 
gravities  are  respectively  .792  and  .715,  wa- 
ter being  1.000,  are  preferred  for  charging 
the  tube,  because  these  liquids  are  much 
lighter,  possess  the  property  of  fluidity  in  a 
higher  degree,  and  are  more  sensitive  than 
any  others.  Moreover,  intense  frost  does 
not  affect  their  fluidity — no  observed  degree 
of  natural  or  artificial  cold  having  ever 
frozen  them ;  and  they  also  have  the  prop- 
erty of  wetting  the  glass  more  readily  and 
completely  than  other  liquids,  owine  to  the 
greater  capillary  affinity  subsisting  between 
them  and  the  glass. 

If  the  tube's  curvature  were  the  same  as 
the  earth's  curvature,  the  upper  line  or  sur- 
face of  the  liquid  would  be  truly  level,  and 
therefore  no  part  of  it  would  have  a  ten- 
dency to  fall,  or  seek  a  lower  position ;  nor 
would  the  bubble,  which  is  considerably 
lighter  than  the  liquid,  have  a  tendency  to 
rise  or  seek  a  higher  one,  but  would  remain 
uninfluenced  at  any  part,  because  the  action 
of  gravity  upon  the  surface  of  the  liquid 
would  be  everywhere  precisely  equal.  It  is 
essential,  therefore,  that  the  tube  should  be 
made  not  only  of  equal  bore,  or  perfectly 
cylindrical  throughout,  but  with  a  uniform 
and  sensibly  convex  curvature,  lengthways, 
in  order  that  the  middle  or  apex-point  of 
the  bubble  may  rise  to,  and  rest  at,  the 
middle  or  apex-point  of  the  arc. 

As,  then,  the  bubble  moves  in  an  arc  of  a 
circle  convex  upwards,  it  may  be  regarded 
as  a  plummet  of  air,  analogous  to  a  plum- 
met of  metal  or  a  pendulum  swinging  m  the 
arc  of  a  circle  convex  downwards ;  and  the 
center  of  gravity  of  the  bubble  is  brought  to 
rest,  by  the  earth's  attraction,  in  the  verti- 
cal line  passing  through  the  center  of  the 
circle  in  the  arc  of  which  the  bubble  moves, 
the  same  as  the  center  of  gravity  of  the 
plummet  or  the  pendulum  is  brought  to  rest, 
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the  babble  raDS,  they  will  be  imparted  to 
the  bobble — one  end  of  which  will  be 
broader  or  narrower  than  the  other,  and 
shorter  or  longer  from  the  zero-point ;  and 
in  proportion  to  the  irregularities  will  the 
ends  of  the  bubble  be  unequally  distant  from 
that  point,  and  will  the  tangent  thereto  de- 
viate from  horiiontality. 

Should  the  bore  of  the  tube  be  uneven  or 
irregular  curvatures,  or  should  the  parts  on 
each  side  of  the  zero-point  not  be  symmet- 
rical, the  ends  of  the  bubble,  as  they  aug- 
ment or  diminish  in  length  by  changes  of 
temperature,  would  not  rest  exactly  equi- 
distant from  the  zero-point,  or  mark  equal 
divisions  on  the  scales.  The  tangent,  how- 
ever, to  the  zero-point  would  be  horizontal, 
although  the  bubble  would  have  an  apparent 
inclination ;  and  therefore,  to  bring  the  ends 
of  the  bubble  to  coincide  with  the  equi-dist- 
ant  divisions  of  the  scales,  would  be  to  give 
the  tangent  an  inclination,  and  throw  the 
instrument  out  of  adjustment.  This  results 
more  or  less  with  all  unground  or  defective 
tubes,  and  consequently  sections  plotted,  es- 
timates made  of  work,  and  works  set  out  and 
remlated  from  levels  taken  or  given  by  such 
tubes,  must  be  in  error  in  proportion  to 
their  imperfection. 

In  levels  of  precision,  especially  those 
employed  for  astronomical  and  engineering 
purposes,  the  interior  surfaces  are  made 
truly  even  and  cylindrical,  and  with  a  sens- 
ible curvature  upwards  exactly  to  an  arc  of 
a  circle,  by  grinding  them  with  emery-pow- 
der and  oil  or  water  on  steel  cylinders,  and 
then  polishine  them.  This  process  is  re- 
peated until  the  bubbles  prove,  by  turning 
the  tubes  end  for  end  on  a  delicately-ad- 
justed support,  to  be  perfectly  symmetrical, 
or  until  the  ends  appear  at,  or  mark  pre- 
cisely equal  distances  from  the  middle  or 
zero-point,  the  tangent  to  which  is  then  hor- 
izontal. 

Hence,  in  the  preparation  of  these  tubes 
the  chief  objects  to  be  attained  are,  uniform- 
ity of  bore,  perfection  of  curvature,  and 
smoothness  of  surface ;  and  it  should  be  ob- 
served, in  conclusion,  that  whatever  care 
and  finish  are  bestowed  on  the  exterior 
mountings  of  the  tube,  if  the  interior  of  the 
tube  itself  be  imperfect  in  the  above  res- 
pects, the  tangent  given  by  the  biibble  will 
not  be  horizontal.  Tubes  have  been  and 
can  be  made  to  indicate  a  point  half  a  sec- 
ond of  a  decree  from  exact  horizontalit^,  or 
within  one-hundredth  of  a  i^oot  of  horizon- 
tality  at  the  distance  of  one  mile.     This 


slight  deviation  is  due,  not  to  the  principle 
of  the  instrument,  but  to  mechanical  defects, 
from  which  no  instrument,  however  deli- 
cately made,  is  absolutely  free. 

MANTJFACTDRE  OF  STEEL 

DISCUSSION     BEFORE     THE     SOOIETT    OF 

CIVIL   ENGINEERS   OF   FRANCE. 

Translated  from    **ht  G4ni«  Indoftriel.*' 

An  interesting  paper  upon  this  subject 
was  presented  by  M.  Galy  Cazalat,  of  which 
the  following  is  an  abstract.  This  gentle- 
man stated,  that  in  1851  he  made  public  a 
process  for  making,  without  cost,  gases  for 
lighting  and  heating  by  causing  a  jet  of 
steam  to  pass  through  a  bath  of  Hquid  cast 
iron.  This  jet  produced  simultaneously 
hydrogen  gas  and  steel,  the  increased  value 
of  the  latter  compensating  the  cost  of  pro- 
ducing the  gas.  He  then  demonstrated  that 
a  jet  of  saturated  steam,  alone,  could  con- 
vert, in  three  or  four  hours,  not  more  than 
200  kilogrammes  of  steel,  which  would  be 
heterogeneous  and  solid.  To  obtain  steel 
homogeneous  and  in  a  liquid  state,  he  con- 
ceived, in  1855,  the  idea  of  passing  simul- 
taneously several  currents  of  compressed  air 
and  of  superheated  steam  through  several 
tons  of  liquid  cast  iron,  which,  in  less  than 
30  minutes,  would  be  converted  into  liquid 
steel,  ready  to  be  poured  into  molds.  After 
experimenting  four  years,  and  having  failed 
to  obtain  authority  to  ]ay  down  pipes,  he 
was  obliged  to  forego  the  goUeption  of  hy- 
drogen gas. 

In  lo56,  Mr.  Martin,  of  New  Jersey, 
claimed  the  discovery  of  a  new  method  of 
manufacturing  steel.  His  ii^ethod  consisted 
in  permitting  melted  iron  to  faU  in  a  fine 
shower  into  a  deep  vessel,  through  which  air 
was  forced.  The  air  rapidly  dcQarburized 
the  small  pellets,  or  threads  pf  iron,  con- 
verting them  into  steel,  or  more  frequently 
into  liquid  pure  iron*  To  make  steel,  Mr. 
Martin  added  to  this  product  a  certain 
Quantity  of  specular  cast  iron,  thus  restoring 
the  requisite  carhop. 

In  1856,  Bessemer  presented  a  method  of 
making  wrought  iron  and  steel  by  passing 
air  or  steam  through  a  bath  of  not  exoeed- 
ipff  200  kilogrammes  of  cast  iron. 

M.  Oaly  Cazalat  showed  that,  when  a 
jet  of  ordinary  steam  is  passed  through  the 
bath  of  iron,  it  will  produce  only  a  mass  of 
heterogeneous  steel,  and  will  solidify  it. 
The  same  result  will  follow  when  a  jet  of  air 
is  passed  through  a  single  pipe,  enteriug  any 
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Uin  (under  penalty  of  certain  failure),  but  a 
slight  proportion  of  manganese.  Indeed, 
they  should  never  contain  more  than  1  or 
1.5  per  cent.  They  should  contain  2  to  2.5 
per  cent  of  silicium,  which  is  a  powerful 
ooDseryator  of  heat.  The  Bessemer  irons, 
manufactured  from  Algerian  ores,  contain 
but  little  manganese,  and  the  Motka  ores . 
contain  only  1  to  1.5  per  cent.  It  is  erro-  ( 
neous,  therefore,  to  attribute  to  this  metal 
the  success  of  the  Bessemer  process,  which 
is  due,  rather,  to  the  presence  of  considera- 
ble proportions  of  silicium  and  carbon,  to 
the  absence  of  notable  quantities  of  manga- 
nese, and  the  almost  total  absence  of  phos- 
phoms. 

M.  Jordan  states,  that  he  has  not  the 
h<mor  of  Mr.  Bessemer's  personal  acquaint- 
ance, and  that  he  makes  these  statements 
solely  in  the  interest  of  historic  truth. 

As  to  refining  by  steam,  he  states  that  its 
invention  goes  back  as  far  as  1855.  M. 
Ouineveau,  professor  of  metallurgy  in  the 
School  of  Mines,  spoke,  some  thirty  years 
ftgo,  of  a  method  of  refining  by  steam.  In 
1840,  Mr.  Guest,  proprietor  of  the  Dowlais 
establishment,  conceived  of  the  injection  of 
steam  into  the  metal  of  the  finery  fire.  In 
1854,  Mr.  Nasmyth  introduced  steam  into 
the  bath  of  metal  in  the  puddling  furnace, 
by  means  of  a  recurved,  hollow  rabble.  The 
steam  was  intended  to  stir  the  metal,  and 
being  brought  into  contact  with  the  hot 
iron,  to  decompose,  furnishing  oxygen :  this 
combining  with  the  carbon,  sulphur  and 
other  oxidizable  elements,  would  eliminate 
them,  while  the  hydrogen  set  at  liberty 
would  still  further  desulphurize  the  mass. 
The  Nasmyth  process  has  been  subjected  to 
prolonged  trial,  and  finally  abandoned,  be- 
cause the  steam  reduced  the  temperature  of 
the  bath.  The  process  of  M.  Galy  Cazalat 
is  substantially  the  same  as  those  of  MM. 
Quest  and  Nasmyth.  M.  Jordan  was  unable 
to  see  how,  by  the  use  of  steam,  it  was  pos- 
sible to  arrive  at  the  production  of  cast 
steel.  According  to  the  theory,  which,  it  is 
true,  is  not  definitely  settled,  as  to  what 
is  the  true  reaction  at  the  enormous  tempe- 
Miture  of  the  Bessemer  process,  the  metal 
cannot  be  decarburized  without  the  forma- 
tion of  much  oxide  of  iron,  and  yet  maintain 
the  exalted  temperature  necessary  to  melt 
the  steel.  Water,  it  is  true,  contains  for 
equal  weights,  much  more  oxygen  than  air. 
But  its  decomposition  requires  the  expendi- 
ture of  a  large  quantity  of  heat,  which  is 
not  re-supplied ;  and  although  it  may  at  first 


manifest  its  activity  at  certain  points,  if  the 
iron  is  very  siliceous,  yet  the  general  tem- 
perature of  the  bath  is  diminished,  and  the 
result  is,  not  cast  steel,  but  a  mixture  of 
cast,  wrought  and  steely,  iron  and  oxide. 
This  now  is  the  result  of  M.  Jordan's  at- 
tempts. The  great  advantage  of  air  is,  that 
it  supplies  oxygen,  without  absorbing  heat 
for  decomposition.  It  is  probably  better 
even  than  pure  oxygen,  of  which  the  reac- 
tions would  be  too  violent. 

M.  Galy  Cazalat  replied,  that  Mr.  Nas- 
myth, the  inventor  of  the  steam  hammer, 
was  opposed  to  Bessemer  in  the  Society  of 
Civil  Engineers  of  London. 

Some  metallurgists  have  asserted,  and 
rightly,  that  since  the  invention  of  the  re- 
verberatory  furnace,  all  puddlers  are  well 
aware,  that  the  surface  of  the  metal  is  de- 
carburized by  the  oxygen  of  either  air  or 
steam:  that  the  new  process  for  making 
steel  consists  in  causing  the  air  or  steam  to 
pass  through  the  metal,  and  this  Nasmyth 
was  the  first  to  do— at  least  with  steam. 
The  partizans  of  the  Bessemer  process  would 
assert,  that  the  Nasmyth  process  was  in- 
tended merely  to  render  less  laborious  the 
mixing  of  the  metal  by  the  puddler,  who 
moves  about  the  hearth  of  the  furnace  a  hol- 
low rabble,  through  the  end  of  which  the 
steam  issues,  while  the  Bessemer  process 
does  away  with  puddling  altogether,  substi- 
tuting for  it  the  action  of  compressed  air  or 
saturated  steam.  M.  Galy  Cazalat  showed 
that  he  first  conceived  the  idea  of  passing 
steam  through  baths  of  zinc,  lead  and  cast 
iron,  in  order  to  produce  withaui  cost  hydro- 
gen gas,  through  the  increased  value  of  ox- 
ide of  zinc  and  lead,  and  especially  of  steel. 
He  remarked  further  that  nine  kilogrammes 
of  steam,  which  contain,  as  is  well  known, 
630  calories  per  kil.  bring  into  the  bath 
5670  calories.  Consequently,  their  decom- 
position should  absorb  34400— 5670  =28730 
units  of  heat.  On  the  other  hand,  calculsi^ 
ting  the  effect  produced  by  the  8  kil.  of  oxy- 
gen resulting  from  the  decomposition,  and 
which  should  combine  with  the  carbon  con- 
tained in  the  iron,  it  will  be  seen  that  a  kil. 
of  carbon  requires,  in  order  to  be  burned, 
2.5  kil.   of  oxygen,   which   disengages,   in 

round  numbers,  8000  calories,  and  8  kil.  of 

g 
oxygen  ought  to  bum  -^-r  =  3.2  kil.  of  car- 
bon, disengaging  25000  calories.  It  follows 
then,  that  for  9  kil.  of  steam,  there  would 
be  a  reduction  in  heat  of  4730  calories ;  a 
result  directly  contrary  to  all  experience, 
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wnt  of  the  mass  under  treatment.  If  the 
bnection  of  steam  be  prolonged,  the  oxide 
ox  iron  will  attack  the  lining  of  the  vessel, 
forming  multiple  silicates,  so  that  the  pro- 
duct is  neither  iron  nor  steel. 

In  the  following  session  of  the  Society, 
H.  Galj  Cazalat  further  stated,  that  the 
production  of  steel  by  superheated  steam 
had,  for  ten  years,  been  opposed  by  the  false 
application  of  two  principles.  When  1  kil. 
of  hydrogen  combines  with  8  kil.  of. oxygen, 
it  produces  water,  with  evolution  of  ^4462 
calories. 

Reciprocally,  the  decomposition  of  9  kil. 
of  water  into  its  elements  occasions  an  ab- 
sorotion  of  34462  calories. 

The  conclusion  has  been,  that  the  decom- 
position of  steam  cools  the  bath  which  it 
trayerses.  But  we  must  account  for  the 
union  of  oxygen  with  carbon,  which  restores 
25000  calories — a  quantity  insufficient,  it  is 
said,  to  make  steel.  He  asserts,  however, 
that  experience  does  not  confirm  this  reason- 
ing, but  that  if  a  current  of  dry  steam  be 
passed  through  cast  iron  at  1200^,  it  soon 
raises  it  to  a  dazzlinff  white  heat.  The  true 
theory  he  asserts  to  be  as  follows :  Oxygen 
has  a  greater  affinity  for  iron  than  for  car- 
bon. Since  crude  iron  contains  sixteen 
times  as  much  iron  as  carbon,  it  is  with  the 
iron  that  the  oxygen  combines,  producing  a 
much  greater  heat  than  would  be  the  case 
with  atmospheric  air,  which  contains,  for 
equal  weights,  only  one-fourth  as  much  oxy- 
gen as  water.  M.  Galy  Cazalat  enumerated 
the  patents  he  had  received,  from  1855  to 
1858,  for  decarburizing  cast  iron  by  cur- 
rents of  superheated  steam.  To  obtain  a 
constant  production  of  steel,  the  iron  is  first 
oxidized,  then  is  partially  recarburized  by 
the  addition  of  specular  iron  in  crucibles, 
placed  upon  the  hearth  of  a  reverberatory 
fiumace.  In  pouring  large  masses  of  steel 
blow-holes  would  be  developed,  which  it 
was  necessary  to  reduce  under  the  hammer. 
He  also  indicated  a  method  of  compressing 
oast  steel  in  the  mold  by  closing  it  with  a 
metallic  cap,  and  exploding  powder  (without 
sulphur),  which  was  introduced  by  means  of 
a  tube.  Long  afterwards,  Mr.  Whitworth 
conceived  the  idea  of  compressing  steel  by 
hydrostatic  power ;  but  the  cannon  so  made 
burst,  and  exhibited  blow-holes  in  all  the 
surfaces  of  fracture. 

He  also  gave  some  details  for  manufactur- 
ing, simultaneously,  iron  and  steel,  by  means 
of  certain  minerals  contained  in  volcanic 
sand  from  Reunion,  Naples  and  New  Zea- 


land. This  is  a  titaniferous,  manganic, 
sesquioxide  of  iron,  containing  80  per  cent 
of  oxide  of  iron,  10  to  12  per  cent  of  titanic 
acid,  and  6  per  cent  of  suica,  alumina  and 
lime,  and  has  long  been  deemed  infusible. 
50  kil.  of  this  mineral,  placed  in  a  graphite 
crucible  has  yielded  27  kil.  of  steel,  of 
which  M.  Oaly  Cazalat  presented  specimens 
which  had  been  recognized  as  superior  to 
steeb,  costing  1,500  francs  per  ton.  The 
ore  is  costly  by  reason  of  the  difficulty  of 
separation  &om  the  sands  which  contain  it 
in  small  proportions.  The  separation  is 
effiBcted  by  crude  washing,  which  yields  a 
sand  containing  20  per  cent  of  ore,  after  the 
first  washing,  and  60  per  cent  after  5  or  6 
washings.  It  is  still  further  eliminated  by 
magnets,  until  it  reaches  80  per  cent.  M. 
Galy  Cazalat  had  succeeded  in  obtaining 
this  ore  quite  pure,  and  purposes  treating  it 
in  a  reverberatory  furnace,  through  the  roof 
of  which  are  ten  openings,  arranged  in  two 
lines.  By  these  openings  the  charge  of  pig 
iron  is  introduced,  and  when  this  is  melted, 
plate  iron  tubes  are  let  down  through  the 
openings  into  the  melted  bath.  These  tubes 
are  closed  at  the  lower  ends,  and  coated  with 
an  extremely  refractory  ganister.  They  are 
charged  with  titaniferous  ore,  which  does 
not  melt  at  the  temperature  of  the  furnace, 
but  if  a  current  of  air  and  dry  steam  be 
passed  into  the  melted  bath,  they  will  agi- 
tate it,  and  give  rise  to  an  intense  combus- 
tion, resulting  in  an  enormous  temperature^ 
which  melts  the  ore  in  the  crucible  tubes, 
converting  it  into  a  clear,  limpid  steel,  as 
free  from  air  holes  as  Krupp's  crucible  steel. 
Thus  are  produced  at  once,  steel  in  the  cru- 
cibles, and  wrought  iron  in  the  furnace,  and 
the  operation  may  be  repeated  and  continued 
indefmitely. 

M.  Lencauchez  thought  the  assertions  oJT 
M.  Galy  Cazalat  were  exaggerated.  He 
doubted  the  ameliorating  influence  of  titan- 
ium, and  did  not  think  the  specimens  re- 
markable. He  did  not  think  the  proposed 
apparatus  would  withstand  a  series  of  operji^ 
tions  involving  such  enormous  temperatures 
as  M.  Galy  Cazalat  spoke  of. 

As  to  the  svstematic  use  of  powder  for  re- 
ducing blow-holes,  he  thought  it  scarcely 
practicable,  and  much  inferior  to  the  hydro- 
static press  working  at  600  atmospheres. 
Porous  steels  are  steels  poorly  made.  By 
using  bases  which  can  absorb  the  oxide  of 
iron  produced  in  the  bath,  we  may  escape 
the  reaction  of  the  latter  upon  the  remaining 
carbon,  and  thus,  the  formation  of  cavities  of 


VAN  NOSTRAND'S  ENGINEERING  MAGAZINE. 


1005 


is  equal  to  that  of  oarbon  completely 
homed.  Silicia  acid,  by  reason  of  its  capa- 
nty  for  heat  differing  from  that  of  silicium, 
viil  absorb  a  quantity  of  heat  about  neces- 
mrj  to  bring  the  11.16  kil.  of  oxygen  to  the 
temperature  of  the  bath ;  that  is  to  say, 
11.16X  .218X1300  =  3160  calories.  The 
bath  will  then  gain  76840  calories.  To  ob- 
tain 11.16  kil.  of  oxygen  will  require  12.555 
kil.  of  steam,  setting  at  liberty  1.395  kil.  of 
hydrogen :  the  heat  absorbed  by  the  decom- 
position being  1.395x29512  =  41169  cal , 
and  that  carried  off  by  the  hydrogen  1.395  x 
8.40X1300=  6166  calories,  the  total  loss  to 
the  bath  will  be  47335  calories.  The  total 
gain,  therefore,  is  76840—47335  =  29505 
calories. 

Refining  by  steam. — Let  us  now  apply  the 
foregoing  data  to  a  bath  of  1000  kil.  of  cast 
iron,  of  which  we  will  suppose  the  composi- 
tion to  be  similar  to  that  of  one  of  the  good 
Bessemer  irons  fabricated  at  the  establish- 
ments of  Terrenoire  St.  Louis,  Givors,  &c. 

1000  kil.  will  contain  42.50  kil.  of  carbon, 
20  kil.  of  silicium,  937.50  kil.  of  iron  and 
manganese.  Suppose  the  operation  to  be 
the  regular  practice,  viz :  completely  deoar- 
bnriiine,  and  partially  rccarburizing.  The 
loss  bemg  15  per  cent,  we  shall  obtain  850 
kil.  of  pure  iron  by  burning  87.50  kil.  of  iron 
and  manganese.  Introducing  the  steam  in 
minutely  divided  jets,  cut  off  from  all  extra- 
neous sources  of  heat,  and  thoroughly  dry, 
the  gains  and  losses  will  be : 


Siliciom  ... 
Carbon 

CcDtidmes. 
..  ..     2 
4.26 

Gain. 
69010 

69010 

Loss. 
• . .  •  •. 
166808 

Iron , . 

8.76 

11166 

..•••     .... 

Totals. 
NetlofM.. 

166468 
107458 

The  capacity  for  heat  of  cast  iron  being 
about  .16,  it  will  be  seen  that  the  tempera- 
ture of  the  bath  would  be  reduced  more  than 
650**,  without  taking  into  account  the  exte- 
rior cooling  of  the  vessel.  The  result  would 
be  only  a  mass  of  pasty  iron  commingled 
with  oxide  and  silicate  of  iron.  It  is  true, 
that  the  figures,  107458  calorics,  above  given, 
are  somewhat  exaggerated,  because  the  hy- 
drogen and  carbonic  oxide  issuing  from  the 
bath  are  probably  at  a  lower  temperature 
than  1400  ;  but  it  will  be  seen  that,  assum- 
ing this  ^  to  issue  at  500"^  to  OOO^,  the  loss 
of  heat  will  still  be  more  than  60000  calories, 
and  that  without  accounting  for  the  exterior 
cooling  of  the  converter,  which  exercises  an 
important  effect. 


When  an  operation  of  this  kind  is  observ- 
ed, there  will  be  noted,  at  first,  an  increase 
of  temperature,  due  to  the  combustion  of  the 
silicium,  which  takes  place  first :  but  the 
commencement  of  the  decarburization  re- 
duces the  temperature  to  such  a  degree  that 
the  molecules  of  the  mass  lose  much  of  their 
mobility,  the  subsequent  reactions  work 
badly,  and  the  refining  is  not  completed  in 
a  homogeneous  manner  throughout  the  mass. 
Furthermore,  in  spite  of  all  precautions,  an 
excess  of  steam  will  inevitably  be  introduced, 
which  adds  greatly  to  the  rapidity  of  the 
cooling.  Refining  by  steam  cannot  succeed 
with  Bessemer  irons  any  better  than  with 
ordinary  steel  irons  (those  containing  man- 
ganese highly  carburized  and  slightly  sili- 
cized).  To  avoid  a  reduction  of  the  theo- 
retic temperature,  always  less  than  the  real 
reduction,  there  is  required  a  cast  iron  with 
little  carbon,  and  much  silicium ;  for  exam- 
ple, 4  per  cent  of  the  latter,  and  2  to  3  per 
cent  of  the  former.  But  such  irons  are  very 
exceptional,  resulting  from  a  very  dry  pro- 
cess, which  a  furnace  cannot  maintain  with 
impunity.  Moreover,  as  they  can  be  obtained 
only  from  ores  relatively  poor,  such  as  those 
of  the  secondary  and  tertiary  formations, 
they  will  always  contain  more  or  less  phos- 
phorus. 

It  will  now  be  understood  why  the  great 
establishment  of  Dowlais,  in  Wales,  after 
experimenting  several  months  with  steam 
refining,  both  in  the  finery  fire  and  puddling 
furnace,  has  given  it  up,  notwithstanding  the 
hopes  and  anticipations  of  Mr.  Guest.  Mr. 
Truran,  the  engineer  of  this  establishment, 
asserts  that  the  injection  of  steam  cools  the 
bath.  Mr.  Nasmyth,  the  distinguished  me- 
chanic, has  arrived  at  the  same  conclusion. 
Mr.  Percy,  professor  of  metallurgy  in  the 
School  of  Mines  at  London,  who  was  ac- 
quainted with  the  experiments  at  Dowlais, . 
and  with  those  of  Nasmyth  and  Parry,  also 
declares  that  steam  will  not  raise  the  tem- 
perature of  the  bath.  The  fruitless  attempts 
in  France  during  the  last  twelve  years  have 
shown  nothing  contrary  to  the  results  previ- 
ously obtained  in  England.  It  has  been 
hoped  that,  in  steam  refining,  the  hydrogen 
might  be  utilized  in  purifying  the  metal  from 
sulphur  and  phosphorus.  M.  Jordan  was 
unaware  of  any  authentic  experiments  or 
analyses  serving  to  show  that  such  was  the 
case.  He  much  doubted  the  efficiency  of 
hydrogen  to  remove  these  elements  dissemi- 
nated in  small  quantities  throughout  the  en- 
tire mass.     A  current  of  hydrogen  passed 
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[ont  CeniB,  and  a  similar  subvention  of  the 
jne  amount  has  been  given  by  the  Italian 
ovemment.  The  particular  section  of  the 
Lont  Genis  Railway  to  which  this  system  is 
I  be  applied  commences  at  Lanslcbourg,  a 
At  ion  on  the  Fell  road,  crosses  the  river 
^rcq,  and  ascends  the  sides  of  the  hill  by 
early  the  same  route  as  that  occupied  by 
lie  lines  of  telegraph.  A  succession  of 
barp  curves  from  450  ft.  to  900  ft.  radii, 
nd  an  equal  number  of  heavy  gradients, 
iring  the  new  section  to  the  summit,  where 
t  rejoins  the  line  of  Fell.  This  route  has 
>een  adopted  by  M.  Agudio  in  order  to 
lemonstrate  the  great  advantage  of  his  sys- 
tem over  others  in  use  in  similar  arduous 
localities.  The  total  difference  of  level  be- 
tween the  starting  point  and  the  summit 
leyel  is  2,296  ft.,  and  this  is  accomplished 
in  a  distance  of  2.2  miles,  whereas  7.5  miles 
is  the  distance  required  by  Mr.  Fell  to  rise 
the  same  height.  The  length  of  line,  and 
iXBteris  paribus^  the  cost  is,  therefore,  in  the 
latter  instance,  about  three  and  a-half  times 
that  in  the  former.  One  of  Fontaine's  tur- 
bines constitutes  the  prime  motor.  It  is  fed 
by  the  waters  of  the  Arcq,  which  are  col- 
lected and  stored  in  a  reservoir  containing 
900,000  gallons  of  that  fluid,  the  whole  of 
which  is  capable  of  being  run  off  and  replen- 
ished six  times  a  day,  thus  affording  six 
iscents  and  six  descents  in  the  twenty-four 
loors.  £aoh  ascent  will  occupy  about  a 
inarter  of  an  hour,  and  will  of  course  be 
nade  without  any  interruption  en  route.  The 
oad  taken  up  will  in  round  numbers  equal 
iixt^  tons.  It  is  stated  that  the  Fell  loco- 
notiye  requires  an  hour  to  perform  the  same 
oumey,  that  is,  so  far  as  the  difference  of 
evel  is  concerned,  and  conveys  only  one- 
burth  of  the  load  between  the  same  termini. 
!d.  Agudio  calculates  that  the  ordinary  pas- 
senger trains,  which  will  weigh  considerably 
less  than  sixty  tons,  will  *'  do  "  the  journey 
in  ten  minutes.  At  the  present  day,  when 
engineers  have  exchanged  the  old  principle 
>f  adapting  the  road  to  the  locomotive  for 
the  more  modern  practice  of  suiting  the  lo- 
comotive to  the  road,  any  proposed  improve- 
ment in  that  direction  is  deserving  of  careful 
uid  impartial  consideration.  We  trust,  in 
another  article,  to  record  the  result,  and  wo 
bope,  the  success  of  the  proposed  experimen- 
tal line. 

STEEL  Manufacture. — The    discussion 
before  the  French  Society  of  Civil  En- 
jinecrB  will  be  read  with  interest. 


ON  THE  Selection  op  Building 
Stones,  and  the  Causes  of  Their 
Decay. — In  the  selection  of  building  stones 
for  the  exterior  walb  of  a  building,  cohr^ 
texture  and  durability  are  the  objects  of  the 
first  importance ;  and  all  of  these  ought  to 
be  combined  to  render  the  structure  perfect. 
Too  little  attention  has  been  given  to  the 
subject  of  building  stones ;  and  while  on  the 
one  hand  we  are  largely  using  a  brown 
stone,  which  gives  a  sombre,  cheerless  as- 
pect to  the  structure,  the  opposite  extreme 
has  been  sought  in  the  white  marble,  or 
that  which  is  more  nearly  white  in  color. 
In  contrast  with  these,  we  have  the  red, 
glaring  color  of  brick ;  and  it  is  only  partially 
that  this  offensive  aspect  is  palliated  by 
painting  of  neutral  tints.  In  a  few  eastern 
cities  and  towns  we  find  the  light  gray  gran- 
ites now  used  in  preference  to  the  brown  free- 
stone, the  white  marble,  or  the  dark  granite 
which  have  been  much  in  use  in  past  years. 

No  one  can  fail  to  experience  the  sensa- 
tion of  relief  afforded  by  the  structures  of 
light  colored  granites  in  the  city  of  Boston, 
or  those  of  the  buff  or  dove  colored  lime- 
stone in  the  city  of  Chicago,  or  of  the  light 
gray  freestone  of  many  buildings  in  Cleve- 
land and  other  places,  and  of  the  buff  colored 
brick  of  Milwaukee.  In  these  oases  we 
have  not  the  excessive  reflection  of  light,  or 
the  glare  which  comes  from  white  buildings, 
whether  of  marble  or  of  painted  brick,  nor 
the  sombre  cheerless  expression  of  the 
darker  stone,  caused  by  its  great  absorption 
of  light.  It  is  only  necessary  to  consider 
the  effects  produced  by  the  structures  of 
these  different  materials  upon  one's  own 
sensations,  in  order  to  determine  what  are 
the  most  agreeable  tints,  or  those  which 
please  the  eye  and  produce  a  cheerful  im- 
pression upon  the  mind. 

In  the  majority  of  structures  the  necessi- 
ties of  locality,  cheapness,  or  other  causes, 
compel  the  erection  of  structures  from  ma- 
terials most  accessible ;  but  these  considera- 
tions are  not  imperative  in  the  case  of  an 
important  public  building. 

In  many  cases  where  the  rock  is  homoge- 
neous throughout,  and  the  color  uniform  and 
satisfactory,  it  is  only  to  be  inquired  whether 
the  coloring  material  is  such  as  will  produce 
decay  or  disintegration  of  the  particles. 
When  the  general  color  b  produced  by  the 
aggregation  of  different  materials  of  distinct 
coloration,  the  character  of  each  one  is  to  be 
considered,  and  its  effect  upon  the  whole ; 
and  it  is  important  to  have  such  material 
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IPERIMENTAL  RESEARCHES  ON  THE 
MECHANICAL  PROPERTIES  OF  STEEL 

.  paper  read  b«for«  the  British  Assooiatioa  at  Exe- 
tar,  bj  William  Faibbairn,  L.L.  D,,  F.  R.  S. 

In  mj  last  report  I  had  the  honor  of  sub- 
litting  to  the  Association  an  experimental 
aqoirj  ioto  the  mechanical  properties  of 
teel  obtained  from  different  sources  of  manu- 
aetare  in  the  United  Kingdom.  On  that 
iccasion  several  important  experiments  were 
«eorded  from  specimens  obtained  from  the 
>e8t  makers,  and  bars  were  received  from 
libera,  the  experiments  on  which  were  in- 
complete at  that  time.  Since  then  I  have 
lad  an  opportunity  of  visiting  the  important 
rorks  at  Harrow-in-Furness,  and  from  these 
[  have  received  bars  and  plates  of  different 
loalities  for  the  purpose  of  experiment,  and 
rach  as  would  admit  of  comparison  with 
^hose  recorded  in  my  last  report.  I  have 
ilao  received  specimens  from  Mr.  Heaton 
Tor  experiment,  illustrations  of  the  new  pro- 
seas  of  conversion  from  crude  pig  iron — of 
different  grades — to  that  of  steel,  as  exhib- 
ited in  the  results  contained  in  this  report. 

In  every  experimental  research  connected 
with  metals  it  is  necessary  to  ascertain  as 
nearly  as  possible  the  properties  of  the  ores, 
the  quality  of  the  material,  and  the  processes 
by  which  it  is  proved.  On  most  occasions 
this  information  is  difficult  to  obtain,  as  in 
every  new  process  of  manufacture  there  is  a 
natural  inclination — where  the  parties  are 
eommercially  interested — ^to  keep  it  as  long 
as  possible  to  themselves,  and  hence  the 
reluctance  to  furnish  particulars. 

Of  this,  however,  I  can  mako  no  com- 
plaint, as  Mr.  Bessenger,  the  Barrow  Com- 
pany, and  Mr.  Heaton  have,  unreservedly, 
not  only  opened  their  works,  but  they  have 
famished  every  particular  required,  includ- 
ing chemical  analyses  relative  to  the  proper- 
ties of  the  ores,  and  the  processes  by  which 
they  are  reduced. 

From  this  it  will  be  seen  that  in  some  of 
the  experiments,  I  have  had  the  privilege  of 
recording  the  chemical  as  well  as  the  me- 
chanical properties  of  the  specimens,  which 
bave  been  forwarded  for  the  purpose  of  ex- 
periments, and  of  ascertaining  their  respect- 
ive and  comparative  values. 

The  proprietors  of  the  Barrow  Works 
bave  confined  themselves  to  certain  descrip- 
tions of  manufacture  on  the  Bessemer  prin- 
ciple, these  being  chiefly  steel  plates,  rails, 
tyres,  and  girders.  From  the  nature  of  the 
fiiol,  the  latter  of  which  is  chiefly 
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brought  by  rail  from  the  coal  fields  of  North- 
umberland and  Durham,  a  description  of 
highly  refined  homogeneous  steel  is  pro-^ 
duced,  and  as  this  manufacture  is  intended  for 
purposes  where  tenacity  and  flexibility  are 
required,  it  would  not  be  just  to  compare  it 
with  other  descriptions  of  manufacture  where 
the  object  to  be  attained  is  hardness ;  such, 
for  instance,  as  that  employed  for  carriage 
springs  and  tools.  The  description  of  iron 
required  for  rails,  beams,  girders,  &c.,  is  of 
a  different  character;  tenacity,  combined 
with  flexibility,  is  what  is  wanted,  to  which 
may  be  added  the  power  to  resist  impact. 

The  same  may  be  said  of  wheel  tyres  and 
other  constructions  where  the  strains  are  se- 
vere, and  where  the  material  is  sufficiently 
ductile  to  prevent  accidents  from  vibration, 
or  those  shocks  and  blows  to  which  it  may 
be  subjected.  Keeping  these  objects  in 
view,  the  Barrow  Companv  have,  to  a  great 
extent,  been  limited  to  this  description  of 
manufacture ;  and  judging  from  the  duc- 
tility of  the  material  as  exhibited  in  the  ex- 
periments, there  is  little  chance  of  accidents 
from  brittleness  when  subjected  to  severe 
transverse  strains,  or  to  the  force  of  impact. 
In  calculating  the  value  of  the  hematite 
steel  we  have  been  guided  by  the  same  for- 
mulad  as  adopted  for  comparison  with  similar 
productions  from  other  works.  Very  few 
of  them,  however,  would  admit  of  compari- 
son, as  no  two  of  them  appear  to  bo  alike. 
The  hematite  steel  is  manufactured  at  the 
Barrow  Works  for  totally  different  purposes 
from  those  of  other  makers,  and,  having  the 
command  of  a  variety  of  ores  for  selection, 
as  may  be  seen  from  the  analysis  of  the  ores, 
as  well  as  the  Tables,  the  desired  quality  of 
the  steel  can  be  obtained  at  pleasure. 

We  have  therefore  submitted  the  different 
specimens  to  the  same  tests  as  those  received 
from  other  makers,  not  only  for  the  purpose 
of  ascertaining  wherein  their  powers  of  re- 
sistance differ,  but  also  wherein  consists 
their  superiority,  as  regards  deflection, 
elongation,  and  compression,  from  all  of 
which  may  be  inferred  the  nature  and  prop- 
erties of  their  different  structures,  and  the 
uses  to  which  they  may  be  applied. 

It  is  for  this  purpose  we  have  applied  the 
same  formulso  of  reduction  to  each  particu- 
lar experiment,  as  in  the  other  cases,  and 
the  results  have  been  embodied  in  the  sum- 
maries. 

As  the  Bessemer  principle  of  manufactur- 
ing direct  from  the  ore  is  calculated  to  pro- 
dnoc  great  improvemciits  and  great  changes 
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9iren^ih  or  the  unit  cf  tcorking  strength,  \  limit ;  this  value  of  C  gives  the  comparative 
W,  being  the  load  determined  hv  experi-  j  permaDent  or  working  strength  of  the  bar. 
Bieiity  which  strains  the  bar  up  to  its  elastic ' 
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These  bars,  in  their  resistance  to  a  trans- 
rerse  strain,  show  a  very  decided  superiority 
oyer  4he  steel  bars  before  experimented  upon. 
For  instance,  the  mean  value  of  0,  the  unit 
of  working  strength  for  these  bars,  is  7.49 
ions ;  whereas  the  value  of  the  other  bars 
was  only  5.746  tons,  showing  that  these  bars 
are  1.3  times  stronger  than  the  former  bars. 
The  value  of  U,  or  the  work  of  deflection  for 
unity  of  section  for  these  bars,  is  90.970, 
and  for  the  other  steel  bars  before  experi- 
mented upon  it  is  only  51.696.  This  value 
of  U  exhibits  the  power  of  the  several  bars 
to  resist  a  force  analogous  to  that  of  impact. 
It  is  therefore  clearly  shown  that  this  steel 
must  be  peculiarly  well  adapted  to  resist  a 
force  of  impact,  considering  that  it  is  1| 
times  superior  in  the  quality  than  in  that  of 
the  previous  bars. 

The  flexibility  of  the  steel  is  somewhat 
inferior  to  that  of  the  former  bars,  the  meas- 
ure of  flexibility,  D,  being  for  those  bars 
.001345,  and  for  the  other  bars  .001361. 
The  modulus  of  elasticity  is  somewhat  low 
for  steel,  although  at  the  same  time  it  is 
very  little  below  that  for  the  general  aver- 
age. 

This  steel,  I  consider,  is  well  adapted  to 
withstand  a  severe  transverse  strain,  for  it 
combines  the  two  essential  qualities  of  great 
strength  and  powers  in  its  resbtance  to  the 
foroe  of  impact. 

The  mean  breaking  tensile  strain  per 
square  inch  of  action  of  this  steel  is  45.28 
tons,  whereas  the  value  for  the  other  steel 
bars  before  experimented  upon  is  41.77  tons. 
The  Heaton  steel  is  therefore  1.08  times 
stronger  than  the  average  result  given  for 
all  the  steel  produced  by  other  makers.  The 
result,  while  placing  the  Heaton  steel  in  a 
highly  satisfactory  position  when  compared 
with  the  mean  of  the  whole  steel  experi- 
mented on,  places  it  at  the  same  time  below 
that  produced  by  some  of  the  individual 
manufacturers. 

The  elongation  of  these  bars  was  consid- 
erable, and  a  good  deal  above  the  mean  for 
the  other  bars,  thereby  giving  it  a  larger 
yalue  for  the  work  done  in  breaking  the  bars. 

These  bars  show  high  powers  of  resistance 
to  a  compressive  strain,  all  the  specimens 
having  undergone  the  test  of  100  tons  on 
the  square  inch,  without  any  visible  external 
signs  of  fracture. 

From  this  abstract,  it  will  be  seen  that 
this  steel,  manufactured  by  Mr.  Heaton, 
stands  in  the  most  favorable  light  in  com- 
parbon  with  steel  produced  by  other  manu- 


facturers ;  and  if  it  is  taken  into  considera- 
tion that  two-thirds  of  the  iron  from  which 
the  steel  was  converted  was  composed  of 
Northamptonshire  pig  iron,  we  may  reason- 
ably look  forward  to  this  invention  creating  a 
considerable  improvement  in  the  production 
and  the  cost  of  steel. 

After  a  short  review  of  the  comparative 
power  of  resistance  of  steel  and  iron,  and 
the  result  of  some  experiments  with  a  steel 
girder  manufactured  by  the  Barrow  Hema- 
tite Steel  Company,  the  author  adds  to  his 
paper  a  detailed  description  of  the  furnace 
and  apparatus  for  the  manufacture  of  steel 
by  the  Heaton  process,  illustrated  by  dia- 
grams of  the  same,  and  the  paper  concludes 
as  follows : — **  It  is  given  by  the  patentee 
— and  we  have  no  doubt  correctly — that  the 
cost  per  ton  of  converting  crude  pig  iron 
into  *  crude  steel,'  exclusive  of  the  cost  of 
the  pig,  but  allowing  for  the  waste  upon  it 
at  the  ratio  of  60  lbs.  per  ton,  is  £2  4s.  per 
ton,  or  £1 15&.  in  crude  steel  cakes.  The 
cost  of  making  it  into  '  steel  iron '  bars/rom 
the  pig  iron  is  £3  10s.  per  ton  of  finished 
bars,  and  the  cost  of  making  into  tilted  cast 
steel  bars  from  pig  iron  is  £12  15s.  per  ton. 
We  have  seen  the  invoices  of  cast  steel  bars 
of  this  sort  sold  from  Langley  Mill  at  pri- 
ces equal  to  those  now  current  at  Sheffield 
for  well  reputed  cast  steel  made  by  cementa- 
tion." 


ON  KOADS  AND  RAILWAYS  AS  AFFECT- 
ED BY  THE  Abrading  and  Trans- 
porting Power  of  Water. — The  follow- 
ing abstract  of  a  paper  before  the  British  As- 
sociation, by  Mr.  Logan,  on  Indian  Kail- 
ways,  is  from  the  **  Mechanics'  Magazine  *': 
The  author  commenced  by  stating  general 
conclusions  he  had  arrived  at,  to  the  effect 
that  the  abrading  and  transporting  power 
of  water  was  increased  directly  as  the  velo- 
city and  inversely  as  the  depth ;  also,  that 
when  flowing  water  had  once  got  its  proper 
load  of  solid  matter  in  suspension,  all  ero- 
sive action  ceased.  In  short,  that  it  was 
like  a  balance,  the  load  being  always  equal 
to  the  power,  which  power,  somehow  or 
other,  increased  as  the  velocity  became 
greater,  and  decreased  as  the  depth  of  a 
stream  increased.  Nature  always  adjusting 
the  load  to  the  various  circumstances.  He 
then  gave  a  short  description  of  the  plains 
and  rivers  of  Northern  India,  and,  by  the 
aid  of  diagrams,  went  on  to  argue  that  riv* 
ers  flowing  through  alluvial  plains  were 
raising  rather  than  lowering  their  beds,  and, 
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FffiE-PROOF  CONSTRUCTION. 

B  a  paper  read  before  the  Now  York  Chapter  of 
le  American  Initiiote  of  Arehiieotfli  April  6| 
J«9,  bj  P.  B.  Wight,  F.  A.  I.  A. 

1  distingaished  member  of  this  body  not 

g  since  remarked  that  a  fire-proof  bnild- 

was  easily  defined:  **It  is  a  building 
ich  cannot  burn,  and  which  contains  noth- 
:  that  will  burn." 

[t  is  very  seldom  that  any  building  is  rc- 
ired  for  such  use  that  only  non-combusti- 

material  shall  be  placed  in  it ;  but  it  is 
[1  a  fact  that  fire-proof  buildings  arc  often 
led  for,  and  are  needed,  wherein  large 
ounts  of  combustible  materials  are  to  be 
ced.*  To  supply  such  a  demand  is  one 
the  most  important  problems  offered  to 
I  architect  for  solution.  Of  such  build- 
;s  are  storage  warehouses,  and  stores  or 
»ps,  wholesale  and  retail,  as  well  as  build- 
;s  for  certain  kinds  of  manufacturing  pro- 
ises,  such  as  sugar  houses  and  carriage  or 
niture  shops. 

Having  deyised  a  building  of  non-com- 
stible  material  throughout,  the  question 
ich  next  arises  is,  how  to  keep  a  confla- 
ition  in  one  part  from  extending  to  all  the 
itents  of  the  building  ?  It  seems  to  mo, 
kt  in  buildings  for  such  purposes,  the  idea 
making  them  only  partially  fire-proof  is 
t  to  be  considered  for  a  moment,  unless 
rhaps  the  material  contained  is  so  highly 
lammable  that  it  would  destroy  the  mate- 
.1  of  the  building,  even  if  it  is  divided  into 
^proof  compartments,  in  which  case  it 
\mB  to  be  folly  to  go  to  the  expense  of  fire- 
M)f  materials  at  all.  When  you  know 
it  no  part  of  your  building  can  burn  of 
elf,  it  IS  evident  that  every  atom  of  it  will 
er  some  resistance  to  the  enemy  confined 
thin.  I  believe,  too,  that  it  is  impossible 
smother  or  choke  a  fire  once  commenced, 

the  use  of  closed  compartments.  Acci- 
nt  or  carelessness  may  leave  some  open- 
p  which  will  facilitate  a  draught  in  some 
foreseen  way.  And  even  supposing  that 
a  have  shut  in  your  fire  by  some  arrange- 
mt  of  closed  compartments,  can  you  give 
or  compartments  less  air  than  a  charcoal 
i?  Close  it  as  much  as  you  will,  your 
afined  goods,  if  the  barriers  are  not  forced 

the  immense  power  generated  by  the 
at,  will  at  last  oe  reduced  to  charcoal ; 

*  you  cannot  open  a  door  or  window  upon 

*  B«i,  by  eombiutible  material,  I  do  not  by  any 
■AS  intend  what  the  iniaranoe  oompaniei  call  hai- 
I011I9  bat  dry  goodi,  books  and  limilar  things, 
leh  will  bam  independently  of  the  building  In 
leh  lh«7  are  eontaiaed. 


such  a  smoldering  fire,  but  that  it  will  in- 
stantly burst  into  flames.  Ships  have  been 
brought  into  port  with  smoldering  fires 
under  their  closed  hatches,  which  have  been 
in  existence  for  weeks  at  a  time,  while  but 
few  have  been  eventually  saved  under  sneli 
circumstances,  except  b^  seuttling.  Saeh 
conditions  do  not  exist  with  regard  to  build- 
ings ;  in  them  there  is  not  the  risk  of  human 
lives,  which  may  be  saved  on  shipboard  only 
by  closing  down  the  hatches,  and  scuttling 
is  obviously  out  of  the  question. 

Store-houses  are  the  only  class  of  build-> 
ings  which  admit  of  division  into  air-tight 
compartments,  and  there  is  a  practical  ob- 
jection to  them  in  even  buildings  of  thb 
class ;  but  few  kinds  of  goods  can  be  pre- 
served without  good  ventilation.  It  seems, 
therefore,  that  the  compartments  should  be 
open  and  accessible  from  without,  but  care- 
fully divided  from  each  other.  If  so,  they 
afford  good  facilities  to  those  employed  in 
extinguishing  fires ;  and  I  think  that  in  a 
building  thus  arranged  there  would  be  a 
more  reasonable  chance  of  a  portion  of  its 
goods  being  saved. 

The  division  of  buildings  into  horisontal 
compartments,  rather  than  vertical  ones,  is 
so  much  more  desirable,  where  land  is  ex- 
pensive, that  inventors  have  almost  exhaust- 
ed their  ingenuity  in  devising  thoroughly 
fire-proof  floors.  It  is  obvious,  however, 
that  the  division  of  a  building  by  vertical 
fire-proof  partitions,  is  a  matter  so  easy  of 
accomplishment,  that  it  is  questionable 
whether  the  horizontal  division,  so  beset 
with  practical  difficulties,  so  expensive,  and 
withal  so  much  less  to  be  depended  upon, 
even  when  the  best  systems  of  construction 
are  used,  is  ever  economical,  even  where 
ground  is  expensive.  I  even  question 
whether  it  is  of  any  use  to  build  iron  floors, 
or  floors  with  iron  supports,  for  buildings 
to  contain  goods ;  brick  piers  and  groined 
arches  are  alone  reliable.  If  you  divide 
horizontally,  you  must  have  stairways  within 
and  windows  on  the  exterior,  both  of  which 
welcome  the  ascending  flames.  You  may 
enclose  your  staircase  in  a  fire-proof  enclos- 
ure, and  you  may  put  the  heaviest  iron  shut- 
ters on  your  windows,  but  you  must  have 
doors  through  which  to  gain  access  from 
your  stairways,  and  you  must  open  your 
shutters  when  you  want  light.  There  is  a 
contingency  that  those  traps  may  be  set 
when  the  enemy  comes,  and  then  all  your 
expensive  floors  represent  so  much  wasted 
capital. 
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QT  seen,  and  has  many  advantages, 
lave  not  seen  the  building  in  use, 
lot  know  the  floors  answer  the  ends 
h  they  arc  intended, 
of  the  new  buildings  for  the  various 
ks  in  this  city  are  fire-proof.  The 
those  of  the  Metropolitan  Company, 
oot  of  Forty-second  street,  North 
But  they  are,  at  best,  only  sheds — 
alls,  with  iron  shutters  and  roofs. 


that  the  roll,  having  the  form  of  a  round 
I  bar,  would  best  resist  tension.  The  matter 
of  the  bearings  is  easily  remedied  by  a  oast- 
iron  shoe  on  each  end  of  the  beam  and  bolted 
to  it.  This  shoe,  with  a  broad  foot,  would 
answer  the  purpose  both  of  template  and 
anchor,  and  if  made  to  project  from  the  wall 
and  assume  an  ornamental  shape,  might 
become  a  visible  and  constructive  bracket. 
The  deck  beam   inverted  would   evidently 

>pen,  and  well  ventilated,  they  serve  !  present  the  best  appearance  from  below  in 

rposcs  well ;  but  they  can  hardly  be  cases  where  the  flooring  is  placed  on  top  of 

rchitecture.  the   beams — the  various   methods  of  doing 

most  extensive  attempt  to  build  a  which  I    propose  to   discuss  further   on. — 

f  building  for   manufacturing  pur-  Should  the  deck  beam  come  again  into  use, 

IS  the  enterprise  of  Harper  and  Bro-  !  it  might  be  made  of  more  ornamental  form 

This  was  one  of  the  pioneer  build- 1  without   detriment   to   its   strength.      The 

the  new  dispensation.     The  Harper  <  bottom  roll  or  flange   could  be  molded  in 

s  well  known  :  it  is  an  ornamental  ^,  various  ways,  as  is  here  suggested : 

1  beam,  with  a  tie  rod,  and  was  the 

f  the  truss  beam,  now  so  extensively 
supporting  the  rear  walls  of  stores. 

een  succeeded  by  the  built-up  beam, 

nerally   used   for   girders,   and   the 

rolled   beam.     It  was   eminently  a 

;tive  beam,  using  iron  according  to 

properties,  cast-iron  for  compression 

ught-iron  for  tension.     I  doubt  not 

Krill  some  day  be  again   used  where 

are   required.     The  built-up  beam 

jntedfor  the  restorers  of  the  "pure  " 

^ho  think  that  furring  strips,  laths, 
and  a  modicum  of  run   moldings, 

3rget  "  a  neat  panel  on  the  soffit,*'  to 

)d  substitute  for  the  honest  lintel  of 

eks,  and  more  artistic  than  the  con- 

e  beam  which  Mr.  Bogardus  designed 

Harpers.     When  men  are  no  longer 

i  to  display  good  iron  construction, 

id  their  artistic  conceptions  to  their 

jtive  nkill,  we  may  hope  to  see  some- 

ke  the    Harper  beam   revived,  and 

ed  in  a  manner  befitting  its  use. — 

fear  that   this  will  be   done  when  a 

tional  generation  than  our  own  holds 

But  to  return.     In  Harpers'  build- 
in   the   Cooper   building,  the   deck 

as   used   for   the  floors,  and   brick 

such  as  those  now  in  use,  were  em- 
The  deck  beam  has  also  gone  out 
When  first  employed,  iron  beams 

t  made  for  houses,  but  for  ships. — 

>eam  has  replaced  the  deck  beam*for 

ler  purpose.     And  in  this  connection, 
suggest  an  inquiry  into  the  practi- 

of  using  the  deck  beam  inverted. — 

Iways  seemed  to  me  that  the  broad 

'ould  best  sustain  compression,  and 


TIT 

i  2  TS 

These  forms  could  easily  be  developed 
between  the  rollers.  The  shoes  for  the  ends 
of  beams  might  be  of  this  form  :* 


But,  except  in  so  far  as  the  floors  are  con- 
cerned, the  Messrs.  Harpers'  building  is  far 
from  being  fire-proof.  There  is  much  wood- 
work in  its  inside  finish,  and  the  contents 
being  of  a  highly  inflammable  nature,  I  fear 
that  fire  would  have  its  own  way  in  that 
building  unless  early  checked.t 

«  Figs.  4  and  5  represent  m  section  and  side  eleva- 
tion of  the  beam  shown  in  fii;.  3  with  a  oast- iron  shoe; 
a  6  is  the  faoe  of  wall,  and  edia  the  bearing  of  the 
shoe  on  the  wall. 

t  An  inspeotion  of  Harper  and  Brothers'  building, 
since  writing  this  paper,  has  convinced  me  that  the 
principle  of  division  into  horisontal  compartment*  haa 
been  carried  oat  more  thoroaghly  in  it  than  in  any 
other  bnilding  of  the  kind.  There  are  no  openings 
throagh  the  floon.    It  oontaUu  neither  Interior  stairi 
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0  lay  the  floor  en  the  beams  of  which  I 
ftTe  knowledge  is  in  the  sugar  house  before 
aentioned.  This  has  suggested  to  me  sev- 
ral  methods  of  laying  rigid  floors  upon 
teams  at  oonsiderable  spaces  (three  to  five 
set)  from  one  another.  Preliminary  to  so 
.oing  I  have  suggested  the  revival  of  the 
eck  beam,  or  the  I-beam  with  a  better 
onn  for  the  bottom  flange,  and  the  adoption 
f  cast  iron  shoes  for  the  bearings. 

The  objections  to  the  brick  arches  are 
bat  their  great  weight  requires  heavier 
«am8  than  would  otherwise  be  used,  and 
hat  the  form  of  their  soffits  is  not  beautiful : 
or  they  have  the  appearance  of  a  long 
aooession  of  little  wagon  vaults,  requir- 
Dg  a  resort  to  the  doubtful  expedient  of 
nrring  the  ceiling  with  iron  lath.  I  think 
b  might  be  objected  to  the  French  system 
f  floors  that  the  expense  would  be  too  great, 
»laster  being  a  dear  article  with  us  in  com- 
larison  with  its  price  in  France,  while  our 
•wn  cement  has  not  the  requisite  properties 
o  enable  it  to  be  substituted,  besides  being 
Imost  equally  costly.  The  stone  slabs  of 
ir.  Eidlits  are  the  only  rigid  material  thus 
ar  used  successfully  with  iron  beams,  and 
oald  be  used  to  better  advantage  if  laid  on 
lie  beams  rather  than  resting  upon  their 
ower  flanges,  as  is  done  in  de  American 
if  change  Bank.  They  are  doubtless  the 
landsomest  material  that  can  be  used  for 
his  purpose,  but  are  open  to  the  objection 
f  being  heavy  and  expensive — where  ex- 
pense is  a  question,  and  utility  only  is 
ought — requiring  heavy  beams  and  calling 
or  elaborate  cutting  on  the  under  side.  It 
rill  be  pertinent  to  our  inquiry,  therefore, 
o  ask  if  there  are  any  other  rigid  materials 
^aptable  to  this  purpose,  and  possessing 
he  desired  quality  of  lightness  and  cheap- 
teas.  A  former  draughtsman  of  mine,  now 
.  member  of  the  Institute,  first  suggested 
ke  use  of  slabs  of  slate,  about  two  inches 
Q  thickness,  for  spans  of  four  feet,  and 
hioker  or  thinner  in  proportion  to  the  dis- 
uiee  of  the  beams  from  centers.  I  give  his 
Qggestion  for  what  it  is  worth.  But  it  led 
ae  to  believe  that  we  would  eventually 
ome  to  oast  iron  as  the  practicable  material 
or  this  purpose,  possessing  the  requisite 
[umlities  of  lightness  and  cheapness,  and  ca- 
bbie of  being  bolted  to  the  beams,  thus 
Aswering  all  the  purposes  of  flooring  and 
(ridging.  Cast  iron  plates  may  be  used 
or  flooring  in  two  ways :  first,  when  deafen- 
Qg  and  finished  floor  covering  are  required 
eraid,  wken  seitlier  is  required,  as  in 


ufacturing  buildings,  wherein  a  reasonably 
smooth  flooring  is  required,  and  a  few 
planks,  laid  where  workmen  habitually 
stand,  will  answer  the  purpose  of  non-eon- 
ducters  of  heat.  Experiment  must  deter- 
mine the  minimum  quantity  of  iron  (in  pro- 
portion to  the  strength  required)  to  be  used 
in  the  floor  plates.  In  obtaining  the  proper 
form  of  strength,  and  to  ensure  true  cast- 
ings, the  bottoms  of  the  plates  will  naturally 
be  covered  with  raised  flanges,  except  at  the 
edges  where  they  bear  on  the  beams.  These 
flanges  or  beams  may  assume  a  decorative 
form,  either  a  plain  diaper  or  a  larger  pat- 
tern, to  form  a  complete  design  for  the  ceil- 
ing when  many  of  them  are  combined.  By 
a  judicious  arrangement  of  the  flanges  the 
actual  thickness  of  the  iron  may  be  reduced 
to  three-eights,  or  a  quarter  of  an  inch. 
When  deafening  is  required,  strengthening 
flanges  may  also  be  cast  on  top  of  the  plates, 
and  consequently  the  beams  can  be  placed 
at  wide  intervals.  The  flanges  on  the  top 
will  then  serve  to  keep  the  concrete  used 
for  deafening  in  its  place,  and  avoid  the 
cracks  which  might  occur  in  a  lar^  surface 
of  cement.  The  deafening  may  be  of  any 
thickness  required,  and  will  serve  as  a  bed 
for  the  floor  tiles.  All  that  is  then  required 
for  the  underside  is  judicious  decoration  of 
the  beams  and  floor-plates.  When  deafen- 
ing is  not  required,  as  in  manufacturing 
buildings,  the  tops  should  be  smooth.  It 
has  been  objected  by  a  manufacturer,  to 
whom  I  explained  this  system  of  construc- 
tion, that  the  floors  of  iron  would  be  too 
cold  for  the  feet  of  workmen.  But  it  would 
be  very  easy  to  put  down  platforms  of  wood 
where  the  men  habitually  stand.  Besides, 
when  the  lower  story  is  heated,  the  stratum 
of  hot  air  immediately  under  the  ceiling 
would  naturally  keep  the  floor  at  a  higher 
temperature  than  that  of  the  air  in  the 
room,  and  the  greater  conduct ibility  of  the 
iron  would  rather  tend  to  warm  the  feet  of 
those  who  stand  upon  it.  The  plates,  in  all 
cases  being  bolted  to  the  flanges  of  the 
beams,  would  serve  as  bridging  for  the 
floors. 

By  the  above  described  construction  of 
floors,  I  would  attempt  to  get  rid  of  the 
obnoxious  and  expensive  iron  lath,  so  gene- 
rally used.  But  it  is  more  difficult  to  avoid 
their  use  on  side  walls,  when  the  walls  are 
to  be  plastered — and  let  me  say  here  that 
there  can  be  no  excuse  for  plastering  the 
side  walls  in  a  fire-proof  building,  except 
for  economy's  sake.    The  easiest  aad  by  ii\ 
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Ab  long  as  we  allow  ourselves  to  be  gov- 
erned bj  rules  of  art  founde4  on  the  expe- 
rience of  the  past,  and  precedents  established 
bj  conditions  which  now  do  not  exist,  we 
need  hope  neither  for  good  construction  nor 
good  art.  The]  attempt  to  engraft  the  tra- 
ditions of  the  past  upon  the  practical  work 
ci  this  century  has  resulted  in  failures  in- 
volving the  waste  of  hundreds  of  millions  of 
capital  in  this  country  alone ;  I  might  name 
firom  memory  a  score  of  buildings,  many  of 
them  the  most  prominent,  and  ail  the  most 
eoetlj  that  have  been  erected,  in  proof  of 
this  assertion.  I  would  commence  with  our 
national  Capitol,  in  whose  dome  may  be 
seen  the  most  flagrant  attempt  in  all  modern 
times  to  perpetuate  a  traditionary  style  in  a 
material  entirely  different  from  that  in 
which  the  style  was  developed — so  different 
that  the  foundations  under  it  could  not 
carry  the  superstructure  if  it  were  erected 
of  the  material  for  which  it  would  appear  to 
have  been  designed ;  and  for  want  of  found- 
ations of  sufficient  breadth,  even  to  carry 
the  iron  work,  it  has  been  necessary  to 
carry  the  whole  exterior  iron  colonnade 
upon  iron  brackets,  concealed  beneath  what 
appears  to  be  the  podium  for  the  whole 
dome,  but  which  is,  in  reality,  a  box  of  thin 
plates  of  cast  iron,  secured  to  a  light  frame- 
work built  out  over  the  roof  of  the  building. 

In  erecting  modem  fire-proof  buildings, 
especially  in  so  far  as  iron  work  is  con- 
cerned, <dl  the  conditions  imposed  upon  the 
architect  are  different  from  tnose  which  ex- 
isted in  past  ages.  The  same  may  be  said 
of  the  use  of  iron  in  any  building.  Sub- 
eerriency  to  style,  when  the  material  used 
18  not  such  as  was  the  controlling  element 
of  that  style,  is  destructive  to  all  good  art ; 
for  there  can  be  no  truly  artistic  effect  ex- 
cept that  which  is  produced  by  the  best  use 
of  material,  and  its  decoration  in  best  ac- 
cordance with  its  nature.  If  the  use  of 
iron  is  ever  to  lead  to  the  erection  of  build- 
ings worthy  of  being  called  works  of  art, 
snch  a  result  must  be  attained  only  by  the 
recognition  of  this  principle. 

The  best  thinkers  have  doubted  whether 
there  can  be  any  such  thing  as  architecture 
in  iron,  assuming,  of  course,  that  to  be  called 
architecture  the  material  must  be  construct- 
irely  used;  and  there  is  good  reason  for 
these  doubts.  An  iron  building  does  not 
always  require  the  force  of  gravity  to  main- 
tain the  cohesion  of  its  parts ;  it  possesses 
snch  properties  that  it  may  be  swung  in  the 
air  or  balancod  on  a  single  point,  if  it  is  neces- 


sary so  to  do.  It  is  a  machine  admitting  of 
as  little  decoration  as  a  steam  engine  or  a 
printing  press.  If  iron  alone  were  used  for 
buildings,  constructive  necessity  and  econo- 
my combined  might  lead  us  to  build  houses 
like  steam  boilers  or  water  tanks. 

What  has  been  done  thus  fhr  toward  the 
erection  of  iron  buildings  on  constructive 
principles  ?  We  can  only  recur  to  the  build- 
ings of  the  Crystal  Palace  pattern.  We  had 
a  beautiful  one  in  New  York,  admirably 
constructed,  and  well  designed  for  its  pur- 
pose ;  but  even  that  building  was  decorated 
in  the  Moresque  style,  perhaps  as  nearly  ap- 
propriate to  the  material  employed  as  any 
that  could  have  been  selected.  Here  origi- 
nality in  treatment  failed  just  where  it  was 
wanted.  The  same  constructive  principles 
were  involved  in  the  design  of  this  building 
which  would  have  been  involved  in  the 
erection  of  a  fire-proof  building.  In  this 
respect  it  was  a  success. 

In  the  erection  of  fire-proof  buildings,  we 
are  forced  to  do  the  best  we  can  with  iron 
while  using  it  in  the  most  varied  capacities ; 
but  when  its  use  can  be  spared,  let  me  en- 
treat you  to  rid  yourselves  of  it ;  where  it 
must  be  employed,  use  it  rationally  and  con- 
structively; but  better  not  decorate  it  at 
all  than  imitate  styles  n«it  in  harmony  with 
its  constructive  properties.  As  all  iron 
must  be  painted,  I  am  inclined  to  believe 
that  the  best  method  of  decorating  it  is  in 
colors  ;  for  this  treatment  the  iron  must  be 
plain  and  simple,  and  the  colors  may  be 
proportionatelv  brilliant.  With  regard  to 
other  materials.  I  would  suggest  nothing 
more  than  is  said  above — in  all  things  build 
rationally.  First,  let  your  work  be  strong 
and  well  balanced — no  part  too  heavy — 
no  part  too  light.  Then  decorate  it  in  har- 
mony with  its  constructive  features,  never 
concealing  materials  except  where  necessary 
to  protect  them,  and  emphasizing  the  main 
lines  of  the  construction  by  ornamentation. 
Thus  only  can  the  great  problem  of  the  day 
be  solved,  and  the  fire-proof  architecture  of 
the  nineteenth  century  be  made  worthy  of 
a  rational  and  progressive  age. 

Since  this  paper  has  been  printed  I  have 
discovered  several  unintentional  errors  of 
statement,  which  I  am  glad  to  have  an  op- 
portunity to  correct.  The  Harper's  building 
was  not  the  work  of  Mr.  Bogardus,  but  was 
designed  and  built  by  James  L.  Jackson 
and  Brother,  of  this  city.  In  saying  that 
**  but  one  mill  has  rollers  for  beams  larger 
than  thirteen  inohes,"  I  should  have  added 
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:ING  GRADIENTS  WITH  A  RUN, 

e  are  fsw  more  iatereating  examples 

utiliiitioD  of  the  **  work  "  gtorcd  up 

ftving  mass  than   that  afforded  by  a 

train   mounting    by    the    aid   of  a 

an  incline  up  whleh  the  attached 

woald  othenrijie  be  unable  to  draw 

le  spectacle  is  such  a  comtnou  one  to 

ailway  men  that  probably   but  few 

svote  a  second  thought  to  tho  prinei- 

'Qived   in  tbi^  method  of  working  a 

It,  and  yet  these  prineiples  are  very 

,  and  a  proper  appreciation  of  them  ia 

dtly  of  considerable  uae  in  practice. 

these  cireumatances  we  propose  de* 

a  little  space  to  a  consideration  of 

lethod  of  working  gradients,  in  the 

bat  our  remarks  may  be  regarded  with 

.t  by  tboso  who  have  not  hitherto  paid 

bject  the  attention  it  deserves « 

lilway  train,  moving  at  any  given  ve* 

had  stored  in  it  an  amouDt  of  energy 

3rk,''  which,  expressed  in  the  ordinary 

)r  foot-pounds,  is  equal  to  the  weight 

train  in  pounds  multiplied   by  the 

in  feet  through  which  &  body  would 

0  fall  in  order  to  acquire  tho  velocity 
rhich  the  train  is  moTing.  In  other 
,  a  train  moving  at  any  given  speed 
,  if  it  were  possible  to  direct  its  mo- 
irectly  upwards  without  cheeking  it, 

1  to  tho  air  to  the  height  from  which  a 
irould  have  to  fall  to  attain  the  same 
as  the  train.  In  practice,  it  would 
irse,  be  impossible  to  alter  the  direo- 
f  motion  of  a  train  suddenly  from  a 
»iital  to  a  vertical  one  ;  but  if  we  sup-^ 
for  the  present,  that  the  train  b  ex- 

to  no  retardation  from  friction,  the 
rill  equally  apply  if,  instead  of  the 
being  made  to  move  directly  upwards, 
nade  to  traTcrso  a  gradually  ascending 
e.  Let  us,  for  instance,  suppose  a 
to  bo  moving  at  the  rate  of  44  ft.  per 
d — ^a  velocity  which  would  be  acquired 
body  in  falling  30.062  ft.,*  or  say,  30 

le  height  (Vom  which  the  body  tnunt  fall  in 
in  order  to  aeqairo  tho  givett  velocity,  la, 
one,  coJcnlated  hf  the    ordtaary  feruiula, 

J-  I  h  hoiBg  the  height  in  feet^  and  v  the 

:f  In  feet  per  lecond.  For  n^X  iirdinary  prae- 
^rposes,  the  dlvi«or  ia  the  above  equation 

e  ta^en  t»  54,  the  formula  tbeo  being  4=^  p^ 
irly,  the  velocity  due  to  the  height  faUcn  li 
by  tho  formnia  t?  =  S^fc. 

Vol.  I.— No.  11.— 67. 
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J  ft.,  then  that  train,  if 
/  directed  on  to  a  rising 
gradient  would,  if  there 
were    no     retardation 
from    friction,   asoond 
that  gradient  until  it 
reached  a  point  30  ft, 
above  its  original  level* 
If  the  gradient  rose  al 
the  rate  of  1  in  100, 
the  train   would  thus 
mount  it  for  a  distaneo 
ofaOXlOO  =  3,000  ft,, 
or,    if    its    inclination 
were  1  in  50,  it  would 
traverse  it  for  a  dis- 
tance    of     30X^0  = 
1,500  ft.,  and  so  on; 
the  steeper  the  gradi-  ' 
ent  the  less  of  course 
being  the  distance  to 
which  the  train  would 
have  to  pass  up  it  to 
attain     the     required 
elevation     above     the 
Btarting  point.     If  the 
gradient  did  not  rise  to 
the  height  to  which  the 
energy   stored  in   the 
moving  train  would  be 
sufficient  to  carry  the 
JJ flatter,  then  tho  train 
is  on  reaching  the  top  of 
SJ  the  incline  woald  have 
Sja  certain  residual  ve- 
S    locity,  this  velocity  be- 
ing equal  to  that  which 
would  be  acquired  by 
a    body     in    pulling 
through  a  space  equal 
to   tho   diierence   be- 
tween the  rise  of  the 
incline  and  the  height 
P  to     which     the     train 
■  would   have  mounted. 
— s-  Thus,    if  we   suppose 
I  the  train  moving  at  a 
i  velocity  of  44  ft.  per 
*  second,  which  we  have 
p  already  taken    aa    an 
'  eiample,  to  be  turned 
K    on  to  an  inoline  rising 
5  I  only  20  ft.,  it  would 
^  ■  on   reaobing    the    top 
^  S  have  a  residual  velocitv 
I  *  equal    to    that   which 
K;  would  he  acquired  by 
"''?a    body     in      filing 
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We  now  come  to  the  qacHlion  of  how  this 
power  lA  to  bo  provided.  The  engioea  used 
izert — as  may  bo  calculated  bj  the  ordinary 
mle — a  tractive  power  of  100.5  lbs.  for  eiicb 
pound  of  effective  pressure  per  square  inch 
HI  the  pbtons ;  and  as  they  are  worked  at 
i  boiler  pressure  of  160  lbs.  per  Hquare  iuch, 
we  may  assume  that  for  a  short  run  an  effec- 
^▼6  cylinder  pressure  of  130  lbs.  per  square 
iaeh  could  be  maintaiued.  Under  these  oir- 
moiatances  the  engine  would  eiert  a  trac* 
dve  foroa  of  100.5x1^0  =  18,065  lbs.,  and 
wonld  develop  13,065x2,016  =  26,399,040 
^£-pounda  of  work  in  ascending  the  incHnOp 
Bubtracting  thi^  from  the  total  amount  of 
irork  to  he  done,  as  determined  above,  we 
pi  37,665,680—26,339,040-  11,326,640 
toot-ponnds  of  work  as  the  deficit  which  La 
to  be  made  up  by  the  reduction  of  the  speed 
nf  the  train  ;  and  we  must  now  proceed  to 
aacortain  frotn  this  how  great  this  reduction 
of  apeed  must  be.  The  total  weight  of  the 
train  is  389x2,240-759,360  lbs.,  and 
dividing  11,326,640  by  this  number,  we  find 
%hmi  the  deficit  to  be  made  np  is  equal  to 
the  lining  of  the   whole   train   through  a 

height  of  ^]f^^  - 14.78  ft.      If,  there. 

foro^  the  train  had  to  merely  reach  the  top 
of  the  gradient  with  no  residual  velocity, 
its  speed  on  reaching  the  foot  of  the  incline 
would  have  to  be  that  which  would  be 
Boqnlred  by  a  body  in  falling  from  a  height 
of  14,78  ft,,  or  a  little  under  31  ft,  per  sec- 
ond. In  reality,  however,  the  trains  have  a 
ipeed  of  about  5  miles  per  hour,  or  7*33  ft. 
per  second  on  reaching  the  top  of  the  in- 
cline ;  and  as  this  velocity  would  be  acquired 
by  s  body  iu  falling  through  .839  ft,,  we 

rt  ,839+14.78=15,619  ft,,  or,  say,  16 
aa  the  height  corresponding  to  the  ve- 
locity which  the  train  should  ^ave  at  the 
foot  of  the  bank ;  and  the  velocity  itself 
would,  hy  the  ordinary  formula,  be  32  ft. 
per  second,  or  about  21.8  milca  per  hour, 

We  have  been  informed  that  in  practice 
the  speed  at  whieh  the  trains  commence 
^aoending  the  incline  is  slightly  lesa  than 
we  have  calculated  above,  and  if  this  is 
roftUy  the  case,  the  effective  pressure  on  the 
piatoos  mnst  be  greater  than  we  have  as- 
sumed, or  the  friction  of  the  train  must  be 
less,  A  series  of  indicator  diagrams,  care* 
fully  taken  during  the  ascent  of  the  incline, 
ftnd  accurate  observations  of  the  speed  of 
the  train  on  entering  and  leaving  the  latter, 
would  give  some  interesting    information 


which,  we  think,  would  be  well  worth  the 
trouble  expended  in  obtaining  it. 

The  total  load  of  339  tons,  above  men- 
tioned, is  not  the  maximum  load  which  the 
engines  have  taken  up  the  incline  nnder 
notice.  Mr.  Adams  informs  us  that  in  some 
instances  a  load  of  thirty  trucks  and  two 
brakes  has  been  taken  np,  the  gross  weight 
of  the  engine  and  train  in  this  case  being 
479  tons.  Applying  the  same  mode  of  cal- 
onlation  to  this  as  to  the  former  example, 
we  get  the  following  results : 
Work  to  be  done  in  lifting  tndD=    Fwt-poimi)*, 

479X2;240X*1  3  == 44,818,248 

Work  to  be  dooe  in  overcora  Ing  fVic- 

tiou=^4,'252x2,016=    8,572,<^2 

ToUl 62,885,280 

Work  done  by  engine  (aa  before) ...»      26,339,040 

Deficit .,.      ^,646,240 

This  deficit  is  equal  to  lifting  the  whole 
weight  of  the  train  through  a  space  of  24,74 
ft.,  and  addinjT  to  this  .8B9  ft*  as  before, 
we  get  25.579  ft,  aa  the  height  correspond- 
ing to  the  velocity  required  on  entering  the 
bankj  and  this  velocity  will  thus  be*  in  this 
case,  40  ft  per  second  vqtj  nearly,  or  a 
little  over  27  j  miles  per  hour, 

VERTICAL  WATER  TUBE  BOILER  AND 
YACHT  ENGINE. 

From  the  <<  Engliiflor,'' 
We  illustrate  herewith  a  very  neat  boiler 
and   engine  for   small   yaehts,  patented  by 
Mr,  T.  Messinger,  of  Ewell,  Kent, 

It  will  be  observed  that  the  fire-box  Is 
large ;  it  extends  to  the  top  of  the  water 
tubes,  at  the  same  time  the  bottom  ends  of 
these  tubes  are  well  down  into  the  fiame. 
The  water  tuhea  are  plaeed  io  a  circle  round 
the  fire-box,  their  bottom  ends  being  full 
open  to  the  side  water  spacOi  and  their  top 
ends  full  open  through  the  crown  of  fire>box. 
A  baffle-plate  is  placed  between  the  tubes, 
which  prevents  the  fiame  from  at  once  pass- 
ing towards  the  chimney.  The  fiame  is  thus 
caused  to  spread  outwards  and  impinge 
against  the  sides  of  the  firei-box^  and  it  en* 
velopes  the  lower  ends  of  the  tubes,  striking 
a^tnat  them  in  the  best  possible  manner, 
Tts  :  at  nearly  right  angles ;  il  is  also  well 
split  up  in  passing  betweeu  the  lower  ends 
^  of  the  tubes  without  being  extinguished,  it 
\  then  has  to  pass  between  the  upper  parts  of 
the  tubes,  and  before  it  does  so  there  is 
ample  space  between  the  upper  parts  of  the 
tabes  oad  the  upper  parts  of  the  &«-boz  fcnr 
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the  flame  to  lie  well  expanded,  and  a  second 
time  it  strikes  the  tubes  in  a  good  direction, 
CDvelopes  the  upper  parts  of  them  in  flame, 
which  is  well  split  up  a  second  time  in  pass- 
ing; between  their  upper  parts.  The  flame 
then  comcB  in  contact  with  a  coil  of  copper 
pipe,  through  which  the  feed-water  18  passing 
from  the  pump  to  the  boiler,  the  water  enter- 
ing cold  nt  the  top,  in  passing  down  through 
the  coil  meets  the  productn  of  combustion 
coming  upwards ;  thus  the  products  of  com- 
bustion, after  having  twice  paftsed  between 
the  water  tubes,  have  to  pa»«  from  the  out- 
side to  the  inside  of  this  eoil  and  then  up 
through  it.  The  remaining  amount  of  heat 
is  thus  well  taken  up  and  passed  into  the 
boiler  in  the  shape  of  boiling,  or  nearly  boil- 
ing feed*water,  and  if  the  boiler  and  feed- 
water  heater  are  properly  proportioned,  the 
temperature  of  the  products  of  combustion, 
before  they  enter  the  ehinmcy,  will  be  much 
reduced;  fuel  is  economized. 

It  will  also  be  observed  that  this  arrange- 
ment, of  water  tubes  increases  the  s  teaming 
powers  of  the  fire-box,  for  supposing  these 
tubes  were  merely  dummies  of  fire-brick  of 
the  same  shape,  and  arranged  in  the  same 
manner,  the  heating  surface  of  the  fire-box 
would    bo    greatly  improved,  as   the    flame 
would  be  more  dispensed,  and  caused  to  im* 
pinge  more  directly  on   to  the  sides  instead 
of  merely  passing  the  sides  of  the  fire-box, 
and    going  too  quickly  to   the   chimney. — 
Heating   surfaces    are    also    more  valuable 
when  they  are  inclined  out  of  the  vertical 
lino  towards  the  flame  ;  this  is  not  the  ea^c 
with  the  fire-box,  but  it  is  with  the  tubes, 
both  at   their  upper  and   lower  ends.     On 
consideration  of   the  above,  it  will  be  seen 
that  all  the  heating  surfaces  are  exceedingly 
well  disposed  to  properly  receive  and  trans- 
mit the   heat  to   the  water,  and  it  was  sur- 
mised in  the  design  of  this  boiler  that  its 
heating  surfaces  would  bo  of  far  more  value 
per  scjuare  foot  than  that  of  other  boilers  j 
and  the  experimental  boiler  has,  we  have 
reason  to  believe,  practically  proved  this  to 
be  correct,  for  the  ratio  of  fire-grate  area  to 
heating  surface  in  this  boiler  is  only  as  1  to 
20.J,  whereas  in  the  best  locomotive  practice 
it  is  as  1  to  84.  Locomotives  having  this  ratio 
CTaporate  from  7  lb.  to  8   lb.  of  water  per 
1  lb.  of  fuel,  and  this  boiler,  with  only  one- 
fourth  the  ratio  of  heating  surface  to  fire- 
grat©  area,  evaporated  from  9  lb,  to  10  lb. 
of  water  per  1  lb.  of  fuel. 

We  will  now  take  into  consideration  the 
action  of  the  water  during  the   ubuUitioQ  | 


inside  the  boiler,  and  also  %h&  _ 

'  steam.     It  will  bo  »&en  hj  i1m»  if 

^  a  cylinder  of  thin  iron  Ib  p^la^cnl  m\ 

'  water  space,  full  open  ml  to|i  mmd  1    _ 

I  rests   on   three  lemi   »t   the    b\iltoB,i 

kept  in  position  Kidewaj^  by  a  (ww  ta 

I  tance  pieces.     This  is  exiled  tW  i 

!  cylinder,  because  it  very  greatl?  l 

I  natural  circuUitioii  of  water  tnniiiftl 

I  during  ebullition.      All  t)ie  w«t«r  i 

j  cylinder,  both  round  the  fire*bos  m 

water  tubes,  being  m    eontieielioa 

I  heating   surface«,   in    in  m    rtat*  of  ri^ 

{  ebullition.     And  ftll   the  wst^r  omsftk  iM 

cylinder,  not  being  in  eonttMlioo  witi  th 

heating  surfaces,  is  not  in  n  stmte  iif  tUI 

tion.     The  water,  then,  in  every  ptft  if  i| 

boiler  inside  this  ejrliuder  Is  rapidly  earn 

upwards  by  the  rising  bubblea  of  kUab^im 

exactly  as  in  a  saticepan,  tunibVt^  vtcr  ll 

edge  of  the  top  of  this  cjiioder  in  a  i 

waterfnlL  but  it  does  not,  ajs  in  tW  i 

tumble  over  into  the  fire  when  ti  Wtkiiitl 

nor  does  it  commence   to   prfmr.,  hot  li  n 

turns  to  the  bottom  of  the  bnil<tr  a^iadi* 

the  annular  space  provided  for  ihb  J«n** 

contained  between  the  ontside  of  th«  ejlii 

der  and  the  shell  of  the  boiler,  nnd  f^rhm 

the  same  circuit  over  and  ovlt  ag^in.    TWn 

fore  there  is  a  rapid    upward   drrulati^il 

water  over  every  part  of  th-  ^^ 

and  in  the  best  pc>.«istble  t 

a  line  nearly  parallel   with   l^t^it,  •m^tf^ 

the  clinging  bubbles    and   siusni  £roin  fl 

plates,  and    quicklj  bringing  tlkcQ  ta  ik 

surface,  where  they  readily  frt^  tih«mitlfl 

from  the  water  into   the  steam  0|«ce,  mJ 

distinct  space  is  provided  outside  iWi 

luting  cylinder  for  the  return  of  titt  \ 

to  the  bottom  of  the  boiler  again« 

The  arraoffement  for  bolting  ' 

verj   favorable   for    cleaning 

especially  for  small  boilers  nslng 

salt  water.     The  multiinbuJar  boQ^ 

ally  used  for  small  steam  yachts  and  1 

&c.,   although    generally    made   ta 

large  body  of  water  in  proportion  Intttj 

when  driven  hard  is  often,  in  a  th 

hopelessly  "blocked  up  with  seaJ«,  i 

is  no  means  of   getting  thi5  ont 

the  use  of  strong  solutions,  wbieh 

boiler;  whereas  the    boiler   tUo 

in  half  a  day,  be  taken  to   f"    ^ 

over  by  hand,  and  put  to- 

if  laid  by  for  the  winter,  or 

may  be  thoroughly  cleaned 

over  inside  and  out;   t' 

lengthen  its  life,  for  it  i 
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m  boilers  are  Utd  bj  for  &  time  tbey  hub-  small  dimeni^ioiis  for  ftny  given  power  when 
i  more  damage  by  corrosion  than  they  do  compared  with  any  other  boiler,  simplicity 
m  in   aetual  work.     The    tubes  of   this  of  construction,  economy  of  fuel,  small  coat 

fellaring  suoh.  a  rapid  circulation  of  of  manufacture,  and  the  readiness  with  which 
Jirough  thera  will  not  give  so  mu^h  i  every  part  can  be  got  at  for  cleaning  or  repaira, 
by  leaking  us  the  6ire  tubes  in  the  i  The  boiler  and  engine  illustrated  in  the 
tnary  maltitubular  boiler  do  at  the  fire*  engraving  for  a  steam  punt  have  the  follow* 
end,  and  their  rapid  circulation  will,  no  ing  dimensions:  OutBide  diameter  of  alielli 
bt^  greatly  reduce  the  amount  of  scale  15 1  in.;  height  of  boiler,  <^  ft.;  fire-grate  area, 
«)6tted  on  the  plates  and  tubes*  half  .square  foot ;  heating  surface  of  fire-box, 

^e  advantages  claimed  for  this  boUer  by  ■  5  sq.  ft;  heating  nurface  of  tubes,  3^  »q,  ft ; 
nventor    are   lightness  of   weight   andlhcatingsurfaceof  feed- water  heater,  I  jitq,  ft; 


SectioD  EleTation  of  Engine  and  Boiler* 


actional  plan  of  Boiler. 
C>  D 


Cylmder. 


diameter  of  cylinder,  3  in.; 
stroke,  4  in.;  the  slide  valve, 
when  in  full  gear^  cuts  oU 
steam  at  five-eights  of  stroke. 
During  the  shop  trials, 
which  lai^ted  one  month,  and 
were  very  severe  for  so  small 
an  engine f  it  was  driving  a 
large  drilling  machine,  lathe, 
shafting,  &c.,  with  ease,  the 
engine  making  050  revolu- 
tions per  minute,  with  a  boiler 
pressure  of  50  lbs.  Is  was  im- 
possible to  take  an  indicator 
diagram  on  account  of  the 
speed,  but  the  dynamometri- 
cal  power  developed  in  driv- 
ing a  friction  brake,  was  2^ 
horse  power ;  and  with  a  con- 
sumption of  12^  lbs.  of  coke 
per  hour,  110  lbs,  of  water 
were  evaporated  per  hour,  and 
during  the  same  time  with  a 
consumption  of  12  lbs.  of  an- 
thracite coaL  1-5  lbs,  of  water 
were  evaporated.  This  ii'  the 
average  of  a  number  of  hours. 
The  engine,  as  shown  tn 
the  ^drawing,  is  perfectly  self- 
contained;  the  cylinder  is  con- 
nected to  the  framing  by  an 
arrangement  of  three  pillara, 
which  take  all  the  working 
strains  of  the  engine;  the  brack- 
ets by  which  the  engine  is  at- 
tached to  the  boiler  merely 
have  to  carry  its  weight,  and  the  engine  ean 
be  removed  bodily  from  the  boiler  anid  taken 
all  to  pieces  in  a  few  minutes.  As  thes6 
small  engines  nin  at  such  a  high  speed,  the 
speed  of  the  pumps  is  reduced  to  ensure  ita 
regular  working  by  cog  wheels,  as  two  and 
a-balf  of  the  engine  to  one  of  the  pump.  In 
larjjer  engines  this  gear  is  not  required. 

This  invention  ts  being  introdne^d  by 
Messrs.  Newton,  Jenkins  &  Co.,  of  4  West- 
mi  nster-chambera,  Victoriti  street. 
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F=*J«J (2) 

Aiwwiintng  the  relation  between  the  abso- 

hifte  strength  of  the  drawn  wire  and  the  re- 

■■fiTiee  of  the  opposing  ring  to  be  a  con- 

•teat  one  balanced  between  the  item  of  la- 

R 
bor  sod  rapture,  say,  ^  =>m  ;  then 

mad  the  hcior  of  redaction,  or  the  relation  be- 
tween the  diameter  of  any  wire  and  that  from 
whieh  it  was  immediately  drawn,  would  be 


The  value  of  s  has  been  exactly  deter- 
mined for  almost  all  substances  as  their 
▼arying  qualities  and  structural  irregularites 
will  afiow,  and  is  usually  expressed  as  the 
•  weight  which  would  rupture  a  bar  1  in. 
eqiuure.  This  value  is  not  constant  for  all 
seetions,  being  found  to  increase  in  some 
fanetion  as  the  section  decreases.  Thus  a 
thousand  wires,  each  toW^^  of  an  inch  in 
eeetion,  would  bear  a  greater  weight  than  a 
bar  of  the  metal  1  in.  square*  'The  reason 
of  this  is,  probably,  that  when  drawn  out  in 
the  form  of  wire,  irregularities  of  structure 
which  existed  in  the  bar  are  for  the  greater 
part  removed,  having  caused  perhaps  the 
rapture  of  the  wires  repeatedly  in  drawine, 
mad  the  resulting  wires  having  thus  been  fil- 
tered through  the  draw-plate,  are  therefore 
of  a  superior  quality  to  the  bar  from  which 
ihey  were  drawn.  Whatever  the  cause  may 
be,  the  hct  remains  that  the  co-efficient  of 
eohesive  strength  of  a  small  wire  is  greater 
than  that  of  a  large  one.     Were  it  not  for 

ihb  we  might  assume  that  the  value  of  j^ 

should  be  a  constant,  and  the  B.  W.  &. 
would  then  be  a  logarithmic  curve.  As  it  is 
the  value  of  s  varying  with  d,  a  difference 
mast  necessarily  be  found  between  the  curve 
representing  the  B.  W.  &.,  and  one  based 
apon  a  logarithmic  series.  With  regard  to 
the  value  of  the  natural  constant,  r,  the  only 
determinations,  I  believe,  are  those  of  an 
Egen,  quoted  by  Mr.  H.  Thomde  in  his  very 
valuable  paper  on  gauges  read  before  the 
Soeiety  of  German  Engineers,  in  1866. 
These  determinations  are  given  in  the  fol- 
lowing columns,  in  which  I  have  converted 
the  resisUnoe  from  Qerman  into  English  lbs; 


Ibi. 

1  wire  of  24P  milt,  drmwn  down  to  990  mib.  required  =9U83 

2  •*        114  ♦«  *•  101  "  =400 

3  «         101  «»  "  91  "  =253 

4  «*  91  «•  •«  82  **  =  13S 

5  ««  82  «*  »«  72  <«  =164 
a  «  72  <«  u  53  "  =  164 
7"53"             **              48"             =65 

This  series  of  experiments  allows  us  to  ar- 
rive at  an  approximate  value  of  the  natural 
constant,  r,  or  the  co-efficient  of  resistance 
to  drawing  per  square  inch  of  surfaces,  as 
appears  in  column  6  of  the  following  Table : 


No. 

D 

d 

Area  of 
Ring 
of  Re- 
sistance. 

Force 
Re- 
quired 

^ Force 

Area. 

1 

2 

8 

4 

5 

6 

mils. 

mils. 

sq.  mils. 

lbs. 

lb.  per  sq.  in. 

1 

248 

220 

X  10,290 

2068 

200,400 

2 

114 

101 

X  2,196 

400 

182,885 

8 

101 

91 

1,508 

258 

167,450 

4 

91 

82 

1,198 

150 

127,162 

6 

82 

72 

1,210 

164 

185,800 

6 

72 

58 

954 

164 

172,125 

7 

58 

88 

897 

65 

188,875 

mean 

160,591 

Assuming  the  co-efficient  of  strength  or 
the  cohesion,  i,  of  a  bar  1  in.  square  to  be 
80,000  lbs.  in  round  numbers,  and  that  this 
were  constant  for  all  sizes  of  wire,  the  abso- 
lute strength  of  the  foregoing  wires  would 

be  as  follows  :                                     Abiolate  ttrength. 
No.                  d.  lbs. 

220       8041 

!!        IV.  520 

422 

•  •         • • •  826 

249 

• .        ...  145 

and  the  relation  of  their  absolute  strengta 
to  their  resbtanoes  to  drawing  ^ : 
2068 


1 
2 

100 

8 

91 

4 

82 

5 

72 

6 

68 

7 

48 

8041 
490 

"641 
258 

520 
156 

422 
164 

826 
164 

"249 
65 

146 


.678 


=  .624 


.487 


.870 


.508 


.659 


.448 


mean 
^.688 


TAN  NOSTRAND'S  ENGINEERING  liAGAZINE. 


1033 


•ad  applicable  measure.  These  co-efficients 
are,  however,. so  variable  with  slight  differ- 
enoea  in  the  qualities  of  materials,  that  the 
nearest  approach  we  can  make  to  perfection 
in  a  scale  based  upon  their  relation  to  each 
other  is  by  assuming  mean  values.  In  the 
British  gauge,  which  I  have  had  the  honor 
of  suggesting,  these  co-efficients  have  average 
values,  notwithstanding  that  I  started  from 
a  factor  of  reduction  which  I  assumed  only 
for  the  reason  of  its  simplicity,  as  it  allows 
at  any  part  of  the  scale  the  weight  of  the 
0aeceeding  number  to  be  arrived  at  by  the 
addition  of  25  per  cent,  and  of  preceding 
nombers  by  the  substraction  of  25  per  cent 
of  the  one  from  which  we  start.  The  factor 
of  reduction  for  diameter  being  .8945,  and 
the  co-efficient  of  cohesive  strength  being 
80,000, 


.8d46c=:^- 


.638X80,00(H-r 
whence,  r=3l72,800,  which  is  rather  higher 
than  the  mean  value  deduced  from  Egen's 
experiments.  The  adoption  of  some  uniform 
wire  gauge  has  become  a  pressing  necessity 
of  manufacture,  and  I  submit  that  the  B. 
W.  O.  re-established  on  a  rational  basis,  and 
reetified  from  the  irregularities  which  have 
erept  into  it,  partly  by  want  of  some  recog- 
nised standard,  and  partly  by  reason  of  the 
impurities  of  the  materials  from  the  proper- 
ties of  which  it  was  originally  determined, 
is  the  best  adapted  for  the  wants  of  the  wire 
gaaij^e.  In  conclusion,  I  must  call  the  at- 
tention of  the  British  Association  to  the 
labor  of  M.  Karmarsch,  M.  Thom^e  and  M. 
Peters,  towards  the  establishment  of  an  uni- 
form wire  gauge  in  Germany,  who^e  opin- 
ions entirely  agree  with  my  own  as  to  the 
superiority  of  the  English  B.  W.  G.  over 
all  the  others  now  in  use,  and  to  whose  wri- 
tings I  am  now  indebted  for  much  interest- 
ing matter  and  instructive  information  on 
this  subject.     

THS  Cliyeland  Rolling  Mill  Com- 
pany's Steel  Works. — We  regret  to 
learn  that  Mr.  John  C.  Thompson,  superin- 
tendent of  these  works,  has  been  compelled, 
by  ill  health,  to  abandon  this  branch  of  pro- 
Iduional  work,  at  least  for  the  present.  He 
resumes  his  position  in  the  Croton  Aqueduct 
Department,  in  New  York  city.  Wo  learn 
that  Mr.  Henry  S.  *Nourse,  superintendent 
of  the  Pennsylvania  Steel  Works,  Harris- 
borg,  is  offered  and  will  probably  accept  the 
auperintendenoe  of  the  Cfleveland  Mill. 


THE  TREATMENT  AND  UTILIZATION 
OF  SEWAGE 

From  the  report  to  the  British  Assoeiation  by  » 
eommiMion  eonaisting  of  the  following  gentlemen: 
J.  Baily  Benton,*  Baq.,  M.  Init.,  C.  £.,  F.  O.  S. ; 
Riobard  B.  Grantham,*  Esq.,  M.  Inst.,  C.  E.,  F. 
G.  S.,  chairman;  W.D.  Harding,  Esq.,  J.  Thomhill 
"    Inst.,  C.  E. ;  J.  Benjamin  H. 


Harrison,*  Esq.,  M 

Paul,*  Ph.   B.  F.  G.  S 

Gilbert,  F.  R.  S. ;  Dr.  Angus  Smith,  F 


Professor  _Wankljn,  Br. 
R.  8. 


Probably  one  of  the  most  important  re- 
sults of  modem  scientific  inquiry  is  the 
general  recognition  of  the  fact  that  atten- 
tion to  the  hygienic  requirements  of  towns 
and  populous  places  has  a  great  influence  on 
the  preservation  of  health  and  life.  Hygi- 
enic measures  are  calculated  to  prevent  dis- 
ease, and  therefore  come  to  be  regarded 
even  of  more  importance  than  the  knowl- 
edge gained  by  two  thousand  years'  expe- 
rience in  the  art  of  medicine.  Pure  air  and 
water  are  two  of  the  most  essential  require- 
ments of  all  populous  places.  The  removal 
of  water  from  the  surface  and  from  the  sub- 
soil by  some  kind  of  drainage  has  been 
found  essential  to  healthiness  of  a  place ; 
but  the  thing  most  of  all  important  in  its 
influence  on  the  sanitary  condition  of  the 
towns,  etc.,  and  as  affecting  the  purity  of 
the  air  and  water,  b  undoubtedly  the  mode 
in  which  the  excretal  refuse  of  their  popu- 
lation is  dealt  with.  Even  in  the  most  pri- 
mitive states  of  society  it  has  always  been 
found  necessary  to  dispose  of  excreta  and 
other  refuse  materially  from  dwellings,  in 
such  a  manner  as  to  prevent  them  from  be- 
coming a  nuisance,  and  the  most  simple 
mode  of  effecting  that  object  was  probably 
the  plan  prescribed  by  Moses  to  the  Jews. 

The  fact  that  animal  excreta  are  useful  as 
a  manure  has  also  led  in  many  cases  to  the 
adoption  of  some  plans  of  dealing  with 
them  for  that  purpose  by  which  their  accu- 
mulation in  the  vicinity  of  dwellings  was 
prevented  to  a  great  extent.  In  thinly  popu- 
lated places  no  great  difiBculty  would  be  ex- 
perienced in  devising  simple  measures  suffi- 
cient in  that  way  to  meet  all  re^fuirements, 
and  under  such  circumstances  the  mode  of 
effecting  the  object  in  view  would  be  a  mat- 
ter to  be  determined  and  carried  out  by  the 
individual  residents  of  a  place.  But  wher- 
ever the  population  became  concentrated  in 
villages  or  towns,  difficulties  arose  as  to  the 
disposal  of  excreta  or  the  immediate  remo- 
val and  use  as  manure,  in  consequence  of 
which  it  became  a  practice  almost  universal 

•  These  hart  only  attended  the  meetings. 
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derground  vaults  for  reoeiying  the  material 
diflcharge  from  them.  Their  subseqneDt 
more  geoeral  adoption,  and  the  concurrent 
ftoquiflition  of  a  better  and  more  copious 
water  supply,  were  no  doubt  largely  oondu- 
eive  to  the  health  of  towns.  These  changes 
were  attended  with  a  decided  aggravation  of 
the  evils  arising  from  the  use  of  vaults  or 
pits  as  receptacles  of  excreta,  for  the  drain- 
age or  overflow  from  them  became  continu- 
008  on  account  of  the  use  of  water  in  the 
closets,  and  was  no  longer  dependent  on  the 
occasional  excess  of  rain.  Under  these  cir- 
cmnstanoes  the  pits  or  vaults  became  cess- 
pools  constantly  charged  with  liquids  which 
in  most  cases  had  no  outlet  into  the  sewers. 
Even  so  late  as  1844  the  Health  of  Towns* 
Commissioners  state  in  their  first  report  that 
in  some  of  the  largest  and  most  crowded 
towns  all  entrance  into  the  sewers  by  house 
drains  or  drains  from  water-closets  or  cess- 
pools is  prohibited  '* under  penalty;"  while 
in  other  places,  including  part  of  the  me- 
tropolis, the  entrance  of  house  drains,  was 
**  the  concession  of  a  privilege,  subjected  to 
Tegnlations  and  separate  proceedings,  with 
attendant  expenses,"  tending  to  restrict  the 
nse  of  sewers  for  the  purpose  of  removing 
excreted  refuse  or  the  drainage  from  pits 
containing  it,  or  to  confine  the  advantages 
of  this  plan  to  the  wealthy. 

The  removal  of  the  domestic  nuisance 
mnd  inconvenience  attending  the  use  of  priv- 
ies and  pits  for  collecting  the  refuse,  by  the 
introduction  of  water-closets,  gave  rise  in 
this  way  to  the  creation  of  a  town  nuisance. 
The  pent-up  overflow  from  cesspools  con- 
nected with  water-closets  saturated  the 
sabsoil ;  the  town  sewers  or  drains  proved 
inadequate  to  the  duty  thrown  upon  them, 
for  in  some  instances  an  improved  water 
supply  was  taken  into  a  town  without  any 
means  being  provided  for  taking  it  out 
again.  The  water  of  wells  became  perma- 
nently polluted ;  fetid  water  rose  in  the  cel- 
lars of  houses,  rendering  the  air  impure  by 
its  exhalations.  Sickness  followed,  and 
erentually  there  arose  a  louder  cry  against 
the  cesspool  system  as  an  intolerable  nui- 
sanoe,  affecting  not  merely  individual  houses 
but  the  town  generally. 

The  plan  proposed  as  a  remedy  for  this 
eril  was  the  eeneral  introduction  of  water- 
closets,  combined  with  a  system  of  thorough 
town  sewerage,  the  connection  of-  house 
drains  with  the  sewers  being  made  compul- 
sory on  the  owners  of  houses  under  certain 
conditions.    By  these  means  the  necessity 


for  allowing  excretal  refuse  to  accumulate 
at  all  near  dwellings  or  within  towns  was  to 
be  done  away  with,  and  it  was  to  be  at  once 
removed  from  dwellings  into  the  sewers  by 
a  copious  use  of  water,  and  swept  rapidly 
through  them  out  of  the  town  with  the 
waste  water  from  houses  and  the  surfaoe 
drainage.  In  this  way  the  water  entering 
a  town  eventually  becomes  polluted  either 
by  use  or  by  admixture,  and  thus  constitutes 
what  is  now  commonly  termed  town  sewage, 
the  expeditious  removal  of  which  from  the 
vicinity  of  the  town  is  indispensable  for  the 
health  of  the  neighborhood. 

This  system,  known  as  the  water-carriage 
system,  has  been  largely  adopted  in  thb 
country,  and,  as  a  consequence,  both  the 
drainage  of  towns  and  the  removal  of  the 
excretal  refuse  have  been  in  many  cases  ef- 
fected by  the  same  means.  The  utilization 
of  this  town  sewage  as  manure  by  the  irri- 
gating of  land  was  contemplated  at  the  out- 
set, but  it  was  not  enforced,  and  it  has  been 
carried  out  only  in  a  few  cases,  the  sewage » 
as  a  rule,  being  discharged  f^om  the  sewers 
into  any  adjoining  rivers  or  into  the  sea, 
this  being  permitted  so  long  as  it  did  not 
create  a  nuisance.  Individuals  or  towns  in- 
jured by  the  discharge  of  sewage  in  this 
way  were  left  to  obtain  what  redress  they 
could  by  legal  means.  The  adoption  of  this 
system  is  well  known  to  have  given  rise  to 
much  litigation,  and  many  towns  where  it 
has  been  adopted  have  been  placed  in  a  very 
difficult  position  in  consequence  of  injunc- 
tions by  the  Court  of  Cliancery  prohibiting 
the  discharge  of  their  sewage.  Moreover, 
the  adoption  of  the  water-closet  and  sewage 
system  of  dealing  with  excretal  refuse  has 
been  followed  by  a  greatly  augmented  pol- 
lution of  rivers,  which  is  now  acknowledged 
to  have  become  an  evil  of  national  import- 
ance, and  is  still  the  subject  of  an  official 
inquiry.  At  this  point,  when  the  measures 
adopted  for  removing  successfully  the  do- 
mestic nuisance  and  the  town  nuisance  aris- 
ing from  the  disposal  of  excretal  refuse  have 
given  rise  to  a  national  nuisance,  it  has  be- 
come a  very  serious  matter  to  determine 
what  is  to  be  done  with  the  sewage  of  towns. 
The  importanee  of  this  question  is  shown 
by  the  fact  that  besides  engaging  the  atten- 
tion of  the  late  General  Soard  of  Health, 
besides  being  frequently  discussed  in  Parlia- 
ment and  by  the  various  local  authorities 
throughout  the  kingdom,  it  has,  within  the 
last  thirteen  years,  given  rise  to  the  appoint- 
ment of  three  roy^  commissions  charged 
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with  the  dutiee  of  invefltieating  the  Bubject  i  control.     It  is  expected  UkAl  »  ] 


and  of  suggesting  remedial  questions,  viz :  |  report   from    tlus 
(1).  The  Sewage  Commihsion,  dated  Janu*  |  appear 


eommissiofk 


ary  5tli,  1857,  to  inquire  into  **  the  best 
mode  of  distributing  the  sewerage  of  towns 
and  applying  it  to  beneficial  and  profitable 
uses/'  from  which  three  reports  have  issued, 
bearing  date  March,  1858;  August,  1861; 
and  March,  1HG5.  The  conclusions  the 
comniission  arrived  at  were  to  the  effect 
that  the  direet  application  of  sewerage  to 
land  favorably  situated,  if  judiciously  car- 
ried out  and  con&ncd  to  a  suitable  area, 
exclnsively  grass,  is  profitable  to  persons 
go  employing  it;  that  where  the  conditions 
are  unfavorable,  a  small  payment  on  the 
part  of  the  local  authorities)  will  restore 
the  balance;  that  this  method  of  sewage 
application,  conducted  with  moderate  care, 


is  not  productive  of  nuisance  or  injury  to   desirable  the  town  sewage  should 


The  object  of  tbia  eommiiiee  bf 
undere^tood  bj  its  members  aa  ibal  «f  I 
plementing  the  abore  mentiovied 
quiries  with  ifp^ecial   infortnatiom  i 
local  circumstanoeA  and  pra<rti€«l4 
of  various  towns  thruughotti  ike 
and  with  other   positive  data  rth 
subject,  such  a®  the  Hojal  Sewaftf 
sion  have  pointed  out  aa    re 
ascertained : — "  Your  oommiittee,  i 
ing  on  the  duties,  came  to  th« 
that  since  town  sewage,  as  it  ia 
commonly  known  in  this  country,  it  a  i 
of  nuisance,    inconvenience   and  iiyii 
health,  chiefly  by  reason  of  ila 
the  excreta  1  refuse  of  the  popuL 


health;  that  methods  of  precipitation  are 
satisfactory  merely  as  a  means  of  miti- 
gating a  nuisance ;  that  the  only  radical 
way  of  restoring  the  rivers  to  their  original 
purity  is  to  prevent  the  discharge  of  foul 
matters  into  tht-m,  and  especially  the  dis- 
charge of  sewage  and  other  refuse  of  large 
towns;  that  the  right  way  to  dispose  of 
towns*  sewage  is  to  apply  it  continuously  to 
land,  and  that  it  is  only  by  such  application 
that  the  pollution  of  rivers  can  be  avoided ; 
that  the  magnitude  of  a  town  presents  no 
real  difficulty  to  the  effectual  treatment  of  a 
sewage,  provided  it  be  considered  as  a  col* 
lection  of  smaller  towns. 

(2).  The  Eivers  Commission,  dated  May 
IBth,  18*>5,  to  inquire  **  how  far  the  present 
use  of  rivers  for  carrying  off  the  sewage  ** 
of  towns,  populous  places,  &c,,  can  be  pre- 
vented without  *'  risfck  to  the  public  health, 
and  how  far  such  sewage,  &c,,  can  be  util- 
ised,*' from  which  three  reports  have  already 
issued,  bearing  date  March,  1866;  May, 
1867;  and  August,  1867;  and  further  re- 
ports are  expected. 

(8).  The  Royal  Sanitiry  Commission, 
dated  November,  1868,  **  to  inquire  into 
and  report  on  the  operation  of  the  sanitary 


stricted  to  the  liquid  dL»charged 
ers  in  places  whore  there  is  a 
tern  of  sewage,  eambincd  with 
and  a  copious  supply  of  water, 
words,  where  the  water-carrligt 
disposing  of  exoretal  refuse  hm  I 
ed;  but  that  it  ahould  for  the 
the  inquiry  be  understood  aa  901 
excretal  refuse  in  any  stale/'  In 
insure  an  explicit  understaodtag 
point  in  all  correspondence  aod  < 
tions.  the  foUowiag  resoiulion  wm 
a  meeting  of  the  comDniaBioiii  on 
January,  1869,  via : 

"That   the  eotnmittee    do 
word  'sewage'  in  the   itislmelic 
associations    as   meaning    any  n 
human  habitations   that   ukiv  affn 
lie   health — and   this 

term   specified  in  all  a]  ,  .,  .,     ,ur 

mation.     Bearing  in  mind  the  ivir 
already  referred  to  in   the  u)Lrodi 
marks,  that   formerly  towng' 
essentially  drains,  the  object  of 
simply  and  exclusively  the    removal  i 
face  and  sb  >p-water  hy  the  mo^i  direct  i 
to  the  nearest  stream,  il»  weU  a» 
that  such  sewers,  originally  tolei 


laws  for  towns,  villages  and  rural  districts ,  for  drainage,  have  in  various  wm 


in  Great  Britain  and  Ireland,  so  far  as  these 
!aw«  Hpply  to  sewage,  drainage,  water  sup- 
val  of  refuse,  prevention  of  over- 
and  other  conditions  conducive  to 
»lth/*  This  latter  coniniisston 
Lced  in  its  first  proceedings, 
iiited  to  the  consolidation  and 
i^  of  existing  laws,  and  the  es- 
ttt  of  a  better  rocognixed  central 


be  confounded  with  and  naed 
removing  excretal  refuse,  as  well  i 
face  subsoil  water,  it  was  for  tl 
considered    to   be   espeeially    ti 
make  a  marked  disli  actio  a   bet  i 
age  and  sewerage,  and  with   that 
denote  the  removal  of  surfaeo 
water  from  land  by  pemMmbls  ( 
drainage  by  drains/  ml  tlw 
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•xoretal  and  other  refuse  from  dwellings, 
fiwtories,  streets,  &o.,  by  impervious  con- 
duits, or  '  sewerage  by  sewage,'  according 
to  the  destination,  a  drain  should  be  under- 
■tood,  or  a  permeable  channel  adapted 
throughout  its  entire  length  to  remove 
water  from  the  soil  surrounding  it ;  while  a 
•ewer  should  be  understood  as  a  channel 
■nfficiently  impermeable  to  be  adapted  for 
earrying  away  refuse  without  allowing  either 
the  refuse  to  escape  through  its  sides  or 
water  to  penetrate  from  without." 

One  of  the  first  steps  taken  by  the  com- 
mittee was  to  apply  to  her  Majesty's  Sec- 
retary of  State  for  the  Home  Department 
for  his  assistance  in  obtaining  information 
from  foreign  countries  having  representa- 
tives in  £ngland,  respecting  the  practice 
prevailing  abroad  for  disposing  of  the  refuse 
of  towns,  villages,  public  institutions,  fac- 
tories, dwellings,  &c.,  and  having  reference 
to  the  sanitary  condition  of  the  districts  in 
which  they  are  situated,  the  state  of  rivers, 
or  the  support  and  increase  of  the  produce 
of  the  soil.  This  application  Mr.  Secretary 
Bmoe  has  given  effect  to  by  transmitting 
from  time  to  time  very  valuable  information 
received  from  the  following  countries: — 
March  15,  1869,  from  Hamburgh ;  March 
16,  from  Saze  Coburg  Gotha;  March  25, 
ftrom  Holland ;  March  30,  from  Bavaria ; 
April  14,  from  Baden  ;  April  26,  from  Sax- 
ony ;  from  Prussia ;  May  18,  from  Switxer- 
land ;  May  20,  from  Austria  and  Hungary, 
from  Belgium,  from  Sweden,  from  Denmark, 
from  Turkey,  from  Greece,  from  Russia, 
from  the  United  States  of  America,  from 
Wnrtemberg. 

It  appears  from  the  documents  that  in 
moet  oases,  both  in  town  and  country  places, 
the  use  of  privies  is  very  general,  water- 
elosets  being  rare  even  in  large  towns,  and 
that  the  usual  method  of  dealing  with  hu- 
man excreta  is  to  allow  it  to  collect  in  pits 
{atrills  gruben  ;  fouei),  which  are  sometimes 
drained,  either  naturally  by  the  permeable 
eharaeter  of  the  soil,  or  artificially,  so  that 
most  or  all  of  the  liquid  portion  of  the  con- 
tents of  the  pits  flows  away  or  infiltrates  the 
snrrounding  soil.  Frequently  privies  are 
bnilt  over  rivers  with  the  object  of  getting 
rid  of  the  excreta  at  once,  and  at  some 
plaoes  methods  still  more  objectionable  are 
adopted,  and  many  houses  are  without  water- 
elosets  or  privies,  and  the  common  custom 
ii  to  nse  night-stools,  which  are  emptied 
into  pits  near  the  house.  Thus,  for  instance, 
in  Berlin,  with  their  population  under  600,- 


000,  there  are  said  to  be  no  less  than  50,000 
night-stools.  Only  in  some  few  foreign 
towns  is  there  any  system  of  sewerage  for 
the  removal  of  excreta  by  means  of  water. 
This  is  the  case  with  Hamburgh,  Paris, 
Brussels,  Hanover,  Washington,  Philadel- 
phia, San  Francisco,  and  some  other  Amer- 
ican towns  to  a  greater  or  less  extent.  In 
some  other  towns  modified  arrangements  of 
the  privy  and  pit  system  have  been  to  some 
extent  adopted.  These  consist  in  substi- 
tuting for  tne  ordinary  pit  either  a  fixed  or 
portable  reservoir  for  receiving  the  excreta. 
These  reservoirs  are  sometimes  constructed 
with  a  drain,  by  which  the  overflow  of  the 
fluid  contents  escape,  and  sometimes  they 
are  both  water  and  air-tight,  the  discharge 
of  the  liquid  contents  into  the  sewers  being 
prohibited.  In  some  cases  such  reservoirs 
are  constructed  so  as  to  receive  only  the 
excreta,  and  sometimes  so  as  to  separate  the 
solid  and  liquid  excreta ;  but  they  are  also 
used  in  combination  with  water-closets,  and 
sometimes  they  also  receive  rain  water  from 
the  house  roofs,  &c.  The  contents  of  the 
fixed  reservoirs  are  removed  periodically  in 
several  diffierent  ways,  and  according  to 
divers  local  regulations;  sometimes  their 
contents  are  simply  dipped  out,  and  some- 
times they  are  removed  either  by  pumping 
into  closed  tank-carts,  with  lift-pumps,  or 
by  means  of  a  vacuum  previously  produced 
in  the  tank-cart.  In  some  few  cases  the 
time  that  may  elapse  between  the  removal 
of  the  contents  of  these  reservoirs  is  fixed 
by  the  local  authorities.  The  portable  re- 
servoirs are  from  time  to  time  removed  and 
replaced  with  empty  reservoirs,  then  carried 
outside  the  town,  and  their  contents  used  as 
manure  in  some  way.  Both  the  fixed  and 
portable  reservoirs  are  frequently  ventilated 
by  means  of  shafts  rising  above  the  house 
tops.  Fixed  reservoirs  are  used  in  Carls- 
ruhe,  Ostend,  Antwerp,  Strasbourg,  Berlin 
and  Dresden ;  portable  reservoirs  are  used 
in  Gratz,  Dresden,  Leipsic,  Strasbourg,  Ber- 
lin and  Paris.  Generally  the  contents  of 
pits  and  of  fixed  or  portable  reservoirs  are 
used  as  manure.  In  some  cases  such  house- 
holders pay  for  the  removal  of  excretal  re- 
fuse, in  others  the  contents  of  pits  and  re- 
servoirs are  sold. 

At  some  places  the  town  authorities  pay 
for  the  removal  of  the  refuse  and  street 
sweepings.  Thus  in  Carlsruhe,  a  town  with 
about  25,000  inhabitants  and  1,400  houses, 
£500  a  year  is  paid  to  the  contractor  for  the 
service,  and  the  contractor  sells  the  HMtnnre. 
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the  excretal  liod  uther  refuse  removed  and 
used  as  manure.  In  the  town  of  Groningen 
the  yearly  profit  amounts  to  about  £l»»ilM)  ; 
in  Antwerp  it  is  £2  JOO  j  Oatend,  £700. 
In  Strasbourg  the  cost  of  removal  le  only 
just  covered  by  the  sale  of  the  manure  ;  the 
sale  of  the  refuse  from  the  barracks  at 
Carlsruhe,  where  2,8^*0  men  were  quartered, 
realized  a  profit  of  jC300  a  year,  and  the  at- 
tendant expenses  amounted  to  about  £40  a 
year.  According  to  experience  in  the  neigh- 
borhood of  Berne,  Basle,  Munich,  Zurich, 
Ghent  and  other  towns  where  excretal  refuse 
IB  removed  and  used  as  manure,  there  is  al- 
ways a  profit  realized  after  payment  of  the 
cost  of  removal  and  transport,  and  it  appears 
to  be  considered  probable  that  the  expenses 
attending  this  system  would  be  reduced  by 
the  adoption  of  portable  reservoirs.  In  some 
other  towns  the  cost  of  removal  and  trans- 
port exceeds  the  return  ;  thus  in  Stockholm, 
with  a  population  of  about  150,000^  the  ex* 
penditure  amounts  to  £35,000  a  year,  and 
the  income  derived  from  the  sale  of  the  re- 
fuse as  manure  £33,000  a  year.  In  Ham* 
burgh  there  is  an  extensive  system  of  sew- 
erage, and  in  a  large  part  of  the  town  the 
excreta  are  removed  by  water-carriage 
through  sewers.  In  Brussels,  Paris,  Lau- 
sanne and  Lugano,  the  water-carriage  sys- 
tem is  also  more  or  less  in  use  in  some  form 
adapted  to  local  eonditions.  In  the  two 
latter  towns  water-closets  are  but  rarely 
used,  however,  and  in  Basle,  likewise,  the 
privies  are  situated  so  as  to  discharge 
into  the  Rhine  or  into  one  of  its  tributaries. 
In  the  ease  of  Hamburgh  the  water  of  the 
Elbe  h  stated  to  be  much  polluted  by  the 
discharge  of  sewage,  but  without  any  appa- 
rent serious  influence  on  health.  Statistics 
furnished  by  the  Secretary  to  the  Hamburgh 
Board  of  Health,  show,  however,  that  the 
rate  of  mortality  has  kept  pace  with  the  in* 
crease  of  population.  In  1H40,  before  the 
construction  of  the  sewerage,  the  population 
was  1117,000,  with  a  mortality  of  twenty* 
eight  per  thousand.  In  I838>  the  fHjpula- 
tion  was  148,000,  with  a  mortality  of  twen* 
ty-two  per  thousand.  In  1859,  the  popula- 
tion was  174,000^  with  a  mortality  of  twen- 
ty-six per  thousand,  and  in  I80(>,  the  popu- 
lation was  195,000,  with  a  mortality  of 
twenty-eight  per  thousand.  The  general 
purport  of  the  eommunieations  received 
from  foreign  countries  is  to  show  that  the 
question  as  to  the  means  by  which  excreta! 
refuse  may  be  dispoacd  of  ;ind  removod  from 


dwellings,  villager  and  tawni,  iO  M  n  | 

vent  nuisance  and  evil  eoliBeastoaiiaii 

gards  the  sanitary  condition  of  tbt! 

is  at  least  quite  as  much  an   cipca 

pnted  question  as  it  is  in  ike 

these  documents  tbere  is  aVtsidaiBl  i 

that  wherever  the  subject  has  beca ' 

ered   there  is  a  strong   tbougfa  fmgm 

of  the   injury  to  beallh  resnlftog 

accumulation  of  excretal  nateriab^ 

&c.,  within  populatia  di^lrieiA,  i 

pregnation  of  the  60tl,  from  ibo  i 

rivers  and  well  water  witli 

such  accnmulations,  and  by  tb#  i 

excretal  materials  into  watero 

or  indirectly;  and  It  appears  to  b«  | 

admitted  that  these  are  serioua  trilitkiir^ 

quire  to  be  remedied.      Beaide 

to  the  sanitary  aspect   of  the  anli^aa^l 

ia  still  more  decisiTe  evidence  of  l 

viction  that  a  vast   qaanlttj  of 

now  wasted  whieh  mi^ht  be  of  |^ 

in  agriculture  for  sustain  in  g  mA 

tng  the  fertility  of  cultivated 

is,  however,  no    instance   in  n 

conclusions  have  been   arrived 

best  mode  of  dealing  with  town  : 

to  secure  a  satisfactorj  state  of  piab 

and  at  the  same  time  admit  of 

tural   value  of   that    refuse 

without  concurrent  disadvanlagBa»^i 

not   appear   that    any  particuiar 

system   of  dealing    with    hoasa 

been  generally  adopted  as  a 

the  old  practice  of  collecting  smeh  i 

pits  with  periodical  removal  of  tbei 

neither  is  there  any  case  where  < 

ed  improvement  has  been  long  < 

ticed  to  furnbh  sattafactory  ei 

the  efficacy  of  the  means  adon 

influence  on  public  health.     In 

respects  it  may  be  easilj  said 

towns  are,  as  a  rule,  far  behind  i 

in  this  country.     The   method  of  I 

excretal  refuse  by  pumping  it  into  i 

carrying  it  out  of  the  towa«  to  the  I 

ing  land,  has,  in  aoma  ioatane**, 

tinned  with   satislaotioo^  while  in  ( 

stances  it  has  been   tried   and 

The  plan  of  collecting  and  i 

tal  refuse  in  portable    olotttd 

been    largely  adopted    in    Franco,  1 

Switzerland  and  other  ootrotrieft,  f 

case  is  any  specific   information 

the  extent  to  which  the  Itquid  i 

spontaneously  or  by  drainage  to  { 

adjoining  soils  and  watercoamest  • 

the  portiuu  of  the  refuse  Uial  I 
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;  its  original  value  for  agriculture.     In  authorities,  and  represent  a  population  of 

towns  it  is  evident  that  onlv  the  solid  about  ten  millions.     Up  to  the  present  time 

3ta  are  used  as  manure.     Thus  in  Zu-  replies  have  been  received  from  107  places, 

there  is  a  system  of  sewerage  which  having  an  aggregate  population  of  more  than 

es  oflf  both  the  rain-water  and  liquid  four  millions. 

lage  from  gutters,  houses  and  reservoirs  Number  and 

ollecting  Inesides ;  and  probably  in  most  population  of  towns.       Applied  to.  Answered. 

I  where  cesspools  are  fixed  and  portable  Town  of— 

•voirs  are  in  use  this  greater  part  of  the   Upwards  of  100,000 16  8 

d  excreta  drains  away.  SfJ''^^'' i2^,;2?^  *S^oS^^  S  i2 

•    V     1*    #     •     X  Between  50,000  and  20,000 69  28 

some  towns— asm  Berlin  for  instance—  Upwards  of  10,000 184  88 

ise  of  water  as  a  means  of  transporting  Rural  districts 89  8 

efuse  has  been  proposed,  and  it  is  still  

r  consideration.     Some  of  the  scientific  Total 9SS         107 

Drities  deputed  to  inquire  into  the  sub-  ""^^^ 

bave,  however,  recommended  that  any       Total  area,  number  of  houses,  and  rata- 

ral  system  of  sewerage  based  on  that  ble  value  of  the  107  places  from  which  re- 

iple  should  not  be  adopted,  because  of  pl^es  have  been  received :     The  total  area 

Qcreased  difficulty  it  gives  rise  to  in  the  of  seventy-eight  of  them  is  stated  to  be 

Eation  of  the  manure  value  of  the  ex-  413,218  acres ;  the  area  of  the  remaining 

,  and  because  of  the  anticipated  period-  twenty-nine  places  has  not  been  specified, 

nfluence  on  the  air  of  the  district  where  ^^  ninety-three  of  these   places  the  total 

ewage  is  applied  to  land,  and  upon  the  number  of  houses  is  stated  to-be  727,816; 

r  of  rivers  where  the  liquid  refuse  is  and  their  aggregate  ratable  value,  in  four- 

d  with  them.     There  does  not  appear  teen  instances  no  particulars  were  stated  as 

in  any  country  general  or  systematic  to  this  point. 

ation  in  reference  to  sanitary  matters;        TTo/er  n^Rp/y.— It  appears  that  the  sources 

It  everywhere  the  regulations  with  that  of  water  supply  in  these  places  are  as  fol- 

t   are    in   the  hands  of  the  police  or  lows : 

local  authorities,  and  though  the  pro-  Number  of    Aggregate 

IS  relating  to  removals  of  refuse,  clean-  towns.      population. 

f  streets,  &c.,  are  often  very  minute  Surftce  weUs 24  864,890 

Btringent,  they  are  seldom  or  ever  of  S^^y^^i;:;::::::::::     i?        1,2?^;^ 

a  nature  as  to  deal  effectually  with  Gathering  grounds  and  wells. . .      8  606,552 

tendencies  to  unhealthiness  which  re-  Gathering  grounds  and  rivers.. .       2  50,000 

rom  the  accumulation  of  excretal  and  Rivers  and  streams 26  848,140 

refuse   material,  especially  in  laree  ^*^®*, :,• -i  «i?*25? 

J         1  I  X  J    J-  I  •  i.         A  Artesian  wells 12  268,500 

I  or  densely  populated    districts.     As  Ri^^rs  and  surface  wells 2  446,000 

3  precise  condition  that  affects  the  pub-  No  information  given 18  898,740 

alth,  the  connection  between  the  sani-       rk*  au    ..    1  •  u*  •  j  j     -xi. 

.tate  of  towns  and  the  drainage,  water       ?'  *''""'f  P^f  «»•  «'«»»ty  are  providod  with 

J     -J.  -  Air  water-works,  twenty-seven  without,  or  ffive 

y  mode  of  disposing  of  excretal  refuse,  ^^  ^  g^j^^  bfonnation.  '^ 

there  appears  to  be  even  more  than  in       mi  a*^^^  i-j  lj 

country  an  absence  of  definite  knowl-       The  quantity  of  water  supphed  per  head 

uvuuw J  »u  ^uo     ^  X,    «c.*u       -.uuff  1  ^£  ^^^  population  18  sUted  to  be  as  under : 
or  of  demonstrative  evidence  m  favor  '^  '^ 

f  particular  view ;  though,  at  the  same  Number  of   Aggregate 

there  is  everywhere,  in  civilised  conn-  „        ,^      ,^     „  ^^-      PoP«l»tion. 

an  earnest  consideration  of  these  sub-  ?Z  ^!:'2SSor.:::::::    25         l,47?;So7 

mall  their   bearings,   sanitary,  mum-  From  20  to  16  gallons 18  455,600 

and  agricultural.  From  15  to  10  gallons 15  870,600 

lile  this  information  was  being  collected  Under  10  gallons 8  42,600 

foreign  countries,  the  committee  pre-  ^^^  ^^^^ ^         1,444,000 

I  a  series  of  questions  with  the  object  The  largest  quantity  of  water  supplied  is 
iciting  information  as  to  the  several  in  the  case  of  Lynn,  where  it  is  stated  to  be 
,  cities  and  rural  districts  throughout  fifty-six  gallons  per  head  daily,  and  the 
nited  Kingdom,  so  far  as  the  means  at  smallest  quantity  is  said  to  be  supplied  in 
lal  would  permit.  These  qu  istions  the  case  of  Stroud,  where  it  is  only  four  gal- 
sent  to  338  local  sftiiiiMy  aiid  aeww  Imw  per  head. 
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Ikroagh  charcoal  and  gypeum  has  heen 
abandoned  in  favor  of  cofitly  irrigation.  At 
Banbury,  treatment  of  the  sewage  has  fail- 
ad.  At  Hereford,  where  it  was  proposed 
lo  be  adopted  in  the  parliamentary  places, 
it  baa  not  been  tried,  on  the  score  of  ex* 
penae.  At  Tunbridge  it  is  about  to  be 
tried,  and  at  Hastings  and  Cambridge  ex- 
periments are  being  made. 

The  cost  of  treatment  amounts,  at  Leices- 
ter^  for  a  population  of  7,500,  to  £800,  and 
the  cost  of  the  plant  for  the  purpose  was 
£S«000.  At  Luton,  with  a  population  of 
18,000,  the  annual  cost  is  £500  ;  at  Chel- 
tenham, with  a  population  of  36,000,  it  is 
Xd50;  at  Uxbridge,  with  7,000  population, 
it  la  £200;  and  at  Alton,  with  3,800  popu- 
ktion,  it  is  £46. 

The  solid  deposit  obtained  by  treating 
liquid  sewage  is  sold  at  prices  varying  from 
6<L  to  2s*  6d.  per  ton.  At  Leicester  as 
much  as  5,000  tons  are  produced.  At  Luton 
the  deposit  is  mixed  with  night  soil,  at  Ban- 
bury with  street  sweepings,  and  at  Stroud 
it  is  made  the  basis  of  a  manure  that  is  sold 
mi  £7  lOs.  per  ton. 

After  some  particulars  as  to  liquid  sew* 
ace-irrigation,  which  is  carried  out  in  many 
of  the  towns  of  the  United  Kingdom,  the 
report  winds  up  with  the  following : 

At  most  places  the  application  of  the 
aewage  to  land  has  been  found  to  exercise  a 
most  beneficial  influence  on  the  condition  of 
the  streams  and  rivers  receiving  the  dis- 
cbarge of  the  district.  At  Epsom  there  was 
aome  damage  done  to  the  Hogs  Mill  River, 
but  no  complaint  is  now  made.  Even  where 
the  solid  portion  of  the  sewage  only  is 
separated  by  filtration  or  precipitation,  the 
state  of  rivers  receiving  the  discharge  is 
improved.  At  Northampton  an  application 
for  an  injunction  has  been  made  by  a  miller 
resident  on  the  stream. 

Generally  speaking,  no  objection  appeared 
to  have  been  made  to  the  application  of 
sewage  for  irrigation,  and  where  such  objec 
tions  appeared  to  have  been  made  on  the 
ground  that  the  application  was  offensive 
and  injurious,  they  do  not  appear  to  have 
been  supported  by  medical  authorities,  and 
in  several  instances  they  have  ceased. 

As  regards  the  sanitary  condition  of  the 
dbtrict,  it  appears  that  in  most  cases  the 
application  of  the  sewage  for  irrigation  has 
not  been  attended  with  any  apparent  change, 
and  in  several  instances  there  is  said  to  be 
a  marked  improvement  at  Reigate  and 
BroBipioB.  Aithimgh  the  ooranritiee  feel 
Vol,  I.— No.  11— 68, 


that  the  present  report  deals  only  partially 
with  the  subject  of  sewage,  and  is,  in  fact, 
only  a  preliminary  step  towards  the  work 
required  to  be  done,  there  are  two  points, 
vis :  the  cost  of  various  methods  of  dealing 
with  excretal  refuse,  and  their  influence  on 
the  sanitary  condition  of  towns,  which  it  is 
considered  must  be  referred  to,  so  far  as  the 
data  obtained  will  permit. 

The  removal  of  the  contents  of  pits  and 
cesspools  by  cartage  appears  to  be  in  few 
instances  conducted  with  some  profit ;  more 
frequently,  however,  the  cost  is  at  least 
equal  to  the  return  obtained,  and  very  often 
it  b  a  source  of  loss.  The  treatment  of  liquid 
sewage  does  not  appear  to  have  advantage  in 
any  instance  except  in  lessening  the  nuisance 
that  would  be  otherwise  caused  by  the  dis- 
charge of  sewage  into  rivers,  and  in  most  in- 
stances it  has  been  a  source  of  loss  to  the  towns 
where  it  is  practiced.  In  regard  to  this 
point  there  is  a  marked  difference  between 
the  results  obtained  in  this  country  and 
those  obtained  on  the  Continent,  where  the 
removal  of  the  contents  of  pits  is  frequently 
profitable  either  to  individuals  or  to  towns. 

The  cost  of  the  application  of  sewage  for 
irrigating  land  appears  to  be  dependent  on 
a  number  of  local  conditions,  and,  conse- 
quently, to  vary  considerably.     It  would 
seem  from  the  data  obtained,  that  in  many 
instances  the  outlay  requisite  for  this  pur* 
pose  would  exceed  what  a  farmer  could  be 
expected  to  incur,  and  that  in  such  cases  at 
least,  it  would  be  proper  to  regard  this  out- 
lay as  coming  under  two  distinct  heads, 
viz :  that  which  a  town  may  reasonably  be 
expected  to  hear  for  the  mere  object  of  get- 
ting rid  of  its  refuse,  and  that  which  a  land- 
owner or  farmer  may  be  able  to  incur  for 
the  improvement  of  his  land.     It  is  probable 
that  when  viewed  in  this  li^ht  the  applica- 
tion of  liquid  sewage  to  land  would  become 
a  source  of  revenue  to  towns  only  under 
special  favorable  circumstances,  but  that,  in 
opposition  to  the  opinions  which  have  been 
somewhat  hastily  formed  in  certain  cases,  it 
will  more  frequently  entail  some  amount  of 
expenditure  on  the  towns  themselves.     At 
the  same  time  the  benefit  to  land  and  the 
improvement  in  the  condition  of  rivers  to 
be   realized  by  the  mode  of  dealing  with 
liquid   sewage   can  scarcely  be   matter  of 
doubt  or  uncertainty  any  longer. 

In  regard  to  the  sanitary  aspect  of  the 
subject,  it  may  be  regarded  as  beyond  ques- 
tion that  the  practice  of  allowing  excretal 
refuse  to  aectmnlate  and  remain  fbr  a  long 
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iiftion  was  Ato  years,  in  comparison  with  from  three 
to  four  years  for  the  two  iron  boxes.  Indeed,  the 
tot,  put  on  the  road  in  December,  1852,  had  been 
h  ooBstant  use  up  to  Decemcer,  1858;  and  22  new 
Qoea  were  introduced  during  that  year.  During 
1861, 15  were  put  in,  but  as  the  high  cost  of  copper 
udi^y  swelled  cost  of  repairs,  and  as  iron  boxes 
would  not  answer  at  all,  recourse  was  had  that  year 
to  a  box  constructed  of  homogeneous  cast-steel 
plates.  Their  use  receives  favorable  mention  in 
the  report  for  1868;  and  in  1866,  76  were  reported 
n  in  service,  not  one  of  which  had — whether  from 
craeking,  leaking  of  seams  or  drawing  of  stay-bolts — 
Ikfled  in  any  respect,  or  exhibited  perceptible  wear. 
Their  soccess  Iwing  complete,  no  others  are  now 
boiU,the  number  added,  m  1868,  being  81.— CAt- 
cmgo  Rmilway  Review, 

ALuMiviuM  AMD  ITS  ALLOTS  WITH  Irow. — lu  re- 
gard to  toughness,  the  union  of  7  per  cent  of 
iron  with  aluminium  can  scarcely  be  distinguished 
firom  the  latter  metal  when  pure.  Both  metals 
Moily  combine  with  each  other.  Commercial  alu- 
mlDiom  mostly,  contains  iron;  it  remains  ductile 
with  as  much  as  10  per  cent  of  copper,  and  when 
eontaining  only  half  as  much,  it  may  be  worked 
still  easier.  If  alloyed  with  small  quantities  of 
tine,  tin,  gold  or  silver,  the  metal  is  rendered  hard 
and  more  brilliant,  but  remains  ductile.  Es- 
pecially recommended  is  the  alloy,  consisting  of  97 
per  cent  of  aluminium  and  8  per  cent  of  zinc.  The 
alloy  with  7  per  cent  of  tin  can  be  worked  well,  but 
does  not  take  a  very  fine  polish,  and  cannot  be  cast, 
since  a  more  Aisible  alloy  with  a  large  proportion 
of  tin  is  separated.  Aluminium  and  lead  do  not 
unite.  The  composition,  with  3  per  cent  of  silver 
and  97  of  aluminium,  possesses  a  beautiAil  color, 
and  in  equal  parts  they  yield  an  alloy  of  the  hard- 
ness of  bronze.  The  union  of  99  per  cent  of  alumi- 
nium and  one  of  gold  is,  though  hard,  still  ductile; 
its  color  is  that  of  green  gold.  With  ten  per  cent 
of  gold  the  composition  is  rendered  crystalline. 

THE  Fbrbthill  Furnaces. — Among  the  most 
remarkable  objects  lately  visited  by  the  mem- 
bers of  the  institution  of  Mechanical  Engineers 
were  the  great  furnaces  at  Ferryhill.  the  largest,  as 
our  readers  know,  yet  constructed.  The  pair,  27 
it.  in  diameter  in  the  boshers,  and  105  ft.  high, 
have  been  successfully  working  for  the  last  two  or 
three  years,  no  difficulty  being  found  as  to  crushing 
the  coke  by  the  height  of  the  column  of  materials, 
nor  as  to  raising  the  materials  themselves  by  the 
hydraulic  hoists,  constructed  by  Sir  William  Arm- 
strong and  Co. ;  and  at  the  same  time  the  tempera- 
ture of  the  gases  at  the  tunnel  head,  or  rather, 
nnder  the  bell,  is,  we  understand,  hardly  500  de- 
grees. The  stacks  are  not  supplied  with  sufficient 
blast,  but  their  make,  as  reported  to  us,  is  enorm- 
ous. With  an  iron  stone  containing  87  per  cent  of 
iron,  three  casts  are  made  every  twenty-four  hours, 
and  the  daily  cast  fVom  each  furnace  is  fVom  75  to 
liN)  tons,  or  a  maximum  of  700  tons  each  per  week. 
— Engineering. 

Imov  All ALTSis. — Gintl  gives  a  very  easy  method 
of  determining  the  impurities  in  cast  iron.  It  is 
applied  by  him  to  the  estimation  of  the  sulphur 
contained  in  the  iron;  but,  as  will  be  seen,  it  is 
available  for  the  separation  and  determination  of 
most  of  the  usiuil  impurities.  The  iron  is  reduced 
to  as  minute  a  state  of  division  as  possible,  and  is 


then  treated  with  a  strong  solution  of  perchloride 
of  iron,  as  nearly  neutral  as  possible.  The  mixture 
is  kept  heated  for  ten  or  twelve  hours,  at  the  end 
of  which  time  almost  all  the  iron  will  be  found  to 
have  dissolved,  leaving,  as  a  residue,  tlie  car- 
bon, sulphur,  phosphorus  and  silicum,  together 
with  the  little  iron  left  undissolved.  This  residue 
has  only  to  be  well  washed,  oxidized  and  dissolved, 
and  the  sulphur  estimated  as  sulphate  of  baryta. 
The  exact  plan  directed  by  the  author  is  to  intro- 
duce the  residue  and  filter  into  a  porcelain  cruci- 
ble, having  at  the  bottom  three  parts  of  nitrate  of 
potash  and  one  part  of  hydrate  of  potash;  heat  to 
ftision,  dissolve  and  precipitate  with  chloride  of 
barium.  The  phosphorus  and  silica  will  be  con- 
tained in  the  same  solution,  and  can  be  determined 
separately. — Jour.  Franklin  Institute. 

AN  Allot  of  Iron  and  Zinc. — It  is  a  well-known 
fact  that  iron  is  dissolved  by  molten  zinc,  but 
nowhere  13  any  definite  alloy  of  these  metals  des- 
cribed, nor  is  it  also  stated  how  much  iron  is  dis- 
solved by  zinc.  Dr.  Oudemans,  Jr.,  obtained  from 
analysis  a  piece  of  metal  which  had  been  formed  in 
an  iron  vessel  wherein  zinc  had  been  fused  for  sev- 
eral weeks  continually  ;  this  metal  was  found 
deposited  at  the  bottom  of  the  vessel,  and  becafaie 
an  impediment  to  the  melting  operations  in  con- 
sequence of  the  relative  infusibility  of  the  alloy. 
In  physical  aspect  this  latter  was  of  very  much 
whiter  color,  and  entirely  different  crystalline  struc- 
ture from  zinc;  the  alloy  dissolved  very  readily  and 
briskly  in  dilute  sulphuric  or  hydruchloric  acid, 
and  was  found,  on  analysis  to  contain  4.6  per  cent 
of  iron.  Taking  for  granted  that  this  alloy  is  a 
definite  compound  of  the  constituent  metals,  its 
formula  would  be— -FeZi,(F=56  ;  Zn82  76).— 
Jour.  Franklin  Inst. 

J  RON  AND  Zinc — It  is  a  well  known  fact  that  iron 
is  dissolved  by  molten  zinc,  but  nowhere  is  any 
definite  alloy  of  these  metals  described,  nor  yet  is 
it  stated  how  much  iron  is  dissolved  by  zinc.  Dr. 
Ondemans,  jr.,  obtained  for  analysis  a  piece  of  alloy 
which  had  been  formed  in  an  iron  vessel  wherein 
zinc  had  been  Aised  for  several  weeks  continuously; 
this  alloy  was  found  deposited  at  the  bottom  of  the 
vessel,  and  became  an  impediment  to  the  melting 
operations,  in  consequence  of  its  relative  infusibility. 
In  its  physical  aspect  the  alloy  was  of  very  much 
white  color,  and  crystalline  structure  entirely  differ- 
ent from  zinc;  the  alloy  dissolved  very  readily  and 
briskly  in  dilute  sulphuric  or  hydrochloric  acid,  and 
was  found,  on  analysis,  to  contain  46  per  cent  of 
iron. — QuaWer/y  Journal  of  Science. 

CRTSTALLizATioN  OF  Iron. — ^Duriug  au  examina- 
tion of  the  Ueaton  process  for  making  steel  at 
Langley  Mill,  Mr.  Crookes  has  noticed  a  remarkable 
instance  of  the  crystallization  of  iron.  When  the 
violence  of  the  action  between  the  molten  iron  and 
the  nitrate  of  soda  has  subsided,  the  lower 
portion  of  the  apparatus,  called  the  converter,  Is 
detached,  and  ader  a  few  minutes  the  contents 
are  turned  out  on  to  the  floor  in  the  form 
of  a  porous  mass  of  nearly  three-fourths  of  a  ton  in 
weight.  Upon  examining  portions  of  this  metallic 
nponge,  it  is  found  to  consist  of  a  segregation  of 
minute  feathery  crystals  of  iron,  apparently  built  up 
of  small  cubes.  The  outlines  of  some  of  these  are 
perfectly  sharp,  and  their  appearance,  specially  in 
the  cavities,  is  very  beautiful.— <^rler/v  Journal 
qf  Science. 
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Vl^as  UruLisATiov  or  Blast-furnacb  Slag. — ^At 
■X.  Uie  CleFelood  Institute  of  Civil  Engineers,  Mr. 
CroMky  has  recently  brought  forward  some  inter- 
<ting  Acts  and  suggestions  with  regard  to  the 
MBiMa  aUliiatioa  of  blast-fumaoe  slag.  Mr. 
Grosaky  states  that  blast-Aimace  slag  is  a  com- 
1  ooDtaining  an  excess  of  lime;  gray  slag  con- 
I  la  100  pans,  and  on  an  average. — siiiea  88.26, 
i  22.19,  lime  81.56,  magnesia  4.14,  protoxide 
of  iron  1.09,  manganese  a  trace,  sulphide  of  calcium 
S.96;  bat  its  composition  is  not  uniform,  and  differs 
moooiding  to  circumstances.  Several  things  can  be 
done  with  sUg,  though  its  chemical  composition 
would  lead  us  to  imagine  that  it  is  almost  valueless. 
it  can  be  converted  into  paving  stones,  it  can  be 
«aed  to  obtain  sulphate  of  alumina,  aluminate  of 
■oda,  and  pure  silica  for  the  manufacture  of  por- 
celain. The  author  makes  known  a  plan  of  his  own 
in  which  the  slag,  oflci  being  pulverized,  is  treated 
mUh  hjdro-chloric  acid,  which  gives  the  silica  in 
m  gelatinous  form  whilst  the  alumina,  lime,  magnesia 
and  faron  are  dissolved.  *  The  solution  is  evaporated 
to  drynmB,  washed  with  water  to  dissolve  the 
■olnble  salts,  and  the  insoluble  residue  is  treated 
with  aulphuric  acid,  by  which  means  sulphate  of 
alumina  is  formed,  the  solution  of  which  may  be 
decanted  off;  the  silica,  after  washing  the  water, 
It  left  in  a  pure  state.  The  sulphate  of  alumina 
may  either  be  evaporated  to  obtain  the  salt  in  a 
■olid  or  dry  state,  or  it  may  be  directly  used  for  the 
manufacture  of  alum.    By  this  process  they  will 

five  a  product  worth  8/.  per  ton,  and  another  worth 
/.  per  ton.  Every  100  tons  of  slag  will  yield  88  tons 
of  pure  silica  and  147  tons  of  sulphate  of  alumina. 
In  some  districts  certain  of  the  rarer  chemical  sub- 
stances are  found  in  blast-furnace  slag,  and  might 
be  extracted  as  by-products  and  sold  to  the  deal- 
on  in  chemical  curiosities. — The  Seientifie  Review, 
AVALTsxs  OF  Swedish  Blister  Steel. — Dr. 
David  Forbes  has  examined  cementation  steel, 
manufactured  at  Sheffield  of  Swedish  bar-iron,  and 
found  its  constitution : 

Carbon,  in  chemical  combination 0.627 

Carbon,  graphitoid 0. 1 02 

Silicon 0.080 

Pboaphorus 0.000 

Sulphur 0.005 

Manganese 0.120 

Iron 99.116 


s 


100.00 

SETTEiT,  McManivus  &  Co.,  proprietors  of  the 
Heading  Iron  Works,  employ  2,000  men  in  their 
foundry,  steam  forge,  rolling  and  nail  mills,  tube 
works,  &c.  The  rolling  mill  has  a  capacity  of  5,000 
tons  per  annum;  the  tube  mill  about  10,000,000 
feet  of  wrought  iron  gas,  steam  and  water  tubes, 
besides  8,000,000  feet  of  lap-welded  boiler  tubes; 
850  tons  of  pig  metal  are  produced  daily,  and  about 
6,000  tons  of  sheet  iron  annually.  The  wages 
amount  to  $70,000  per  month. — Iron  Age. 

THS  Bethlehem  laov  Gompant  have  a  strong 
force  at  work  putting  up  their  new  rolling  mill 
in  South  Bethlehem,  which,  when  finished,  will  be 
the  largest  mill  of  its  kind  in  the  United  Sutes.  It 
Is  to  be  400  feet  wide  by  900  feet  long.  They  in- 
tend to  manuflEtcture  all  kinds  of  railrimd  iron,  and 
also  steel  rails.  Siemens  fVimaces  will  be  used 
exdnsively,  for  both  puddling  and  heating. 


ORDNAKCE  AKD  NAVAL  NOTE& 

MALL-ABM  PowDXM. — The  particular  point  to  be 
attended  to  in  comparing  small-arm  powders  is, 
which  gives  the  best  target — that  is,  virtually, 
which  is  most  uniform.  A  powder  which  gives  the 
best  target  will,  when  tested  by  the  Naves-Lewis 
electro-ballistic  apparatus,  be  found  also  to  show 
tlie  greatest  uniformity  in  the  velocity  imparted  to 
the  projectile. 

One  powder  may  surpass  another,  either  in  incor- 
poration— that  is,  in  the  thoroughness  with  which  the 
three  ingredients  have  been  worked  together  \  or  in 
physical  qualitiefr— the  shape,  density  and  hardness 
of  the  grains.  Practically,  all  the  best  Knglish 
powders,  whether  made  by  Government  or  by  the 
private  makers,  are  equal  as  to  incorporation.  No 
foreign  powders  can  compete  with  them  in  this 
quality,  as  may  be  easily  tested  by  flashing  off  a  few 
samples  of  both  on  a  glass  plate.  The  specks  of 
unbumt  saltpeter  and  sulphur  which  all  foreign 
powders  leave  on  the  plate  show  the  imperfect  man- 
ner in  which  they  have  been  worked.  This  arises 
fh>m  the  insufficient  nature  of  the  incorporating 
machinery  in  use  abroad,  where  the  powerful  iron 
and  stone  mills  now  universally  used  in  this  country 
are  unknown.  An  imperfectly  incorporated  powder 
would  never  shoot  strongly  or  regularly,  and  would, 
moreover,  foul  the  piece  excessively.  The  conver- 
sion of  the  incorporated  ing^redients  into  grains  is 
the  part  of  the  manufkcture  which  most  aflbcts  the 
shooting  qualities  of  powder.  The  only  way  to 
effect  this  is  to  press  the  mixture  into  haM  cakes  in 
a  hydraulic  press,  and  then  crush  these  into  grains 
between  toothed  metal  rollers.  The  density  and 
hardness  of  the  finished  powders  (most  important 
features)  depend  entirely  on  the  pressing  process 
and  on  the  state  in  which  the  mixed  ingredients  are 
before  being  submitted  to  it;  and,  although  it  is 
impossible  to  ensure  uniformity  of  results  with  tlM 
present  machinery,  two  powders  may  be  made  to 
agree  tolerably  closely  in  these  particuUrs.  The 
grains,  after  being  freed  fh>m  the  dust  generated  in 
the  granulating  process,  are  glazed  or  polished  by 
long  continued  fHction  together  in  revolving  wooden 
barrels.  If  this  process  adOfects,  to  any  very  consid- 
erable extent,  the  shooting  qualities  ojf  the  powder, 
it  is«  probably,  not  so  much  by  imparting  a  surfVioe 
or  glaze  to  the  grains  as  by  rubbing  them  down  to 
a  more  uniform  shape. 

The  extent  to  which  a  little  variation  in  the  sizes 
and  shapes  of  the  small  black  grains  which  consti- 
tute a  charge  of  powder  affects  the  shooting  is  very 
remarkable,  as  every  grain  takes  a  different  time  to 
bum  in  proportion  to  its  size  and  shape.  Supposing 
the  density  and  hardness  to  be  uniform,  it  follows 
that,  if  cartridges  could  be  made  up  of  grains  all  abso- 
lutely alike  in  these  two  particulars,  absolute  uni- 
formity in  shooting  would  be  obtained.  The  delicate 
modes  of  proof  which  we  possess  afford  conclusive 
evidence  in  support  of  this.  A  minute  examination 
of  the  ordinary  small-arm  powder  of  the  service— 
the  ''  rifle  flne  grain  "  as  it  is  called— will  show  that 
it  is  made  up  of  grains  which  vary  very  considera- 
bly in  size.  It  is,  in  fact,  when  finished,  sifted  out 
between  sieves  of  twelve  and  twenty  meshes  to  the 
inch;  it  must  all  pass  through  the  former  and  be 
retained  on  the  latter.  If  a  quantity  of  this  powder 
be  taken  and  sifted  on  sieves  of  12, 14.  16,  18  and 
20  meshes  to  the  inch  respectively,  and  if  cartridges 
be  made  up  out  of  t|w  terpral  sifting  sod  ilra4 
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Eads'  Gum  Carbiaoe. — There  is  now  in  construc- 
doa  at  Fort  Uamiltun,  a  carriage  to  be  worked  by 
tfomprewed  air,  and  it  is  thought,  by  engineers  who 
%Ave  examioed  it,  that  it  will  prove  a  success.     To 
aeeare  solidity  and  durability,  and  also  to  provide  a 
aoiflicknit  support  for  the  gun  and  carriage,  weighing 
together  over  61  tons,  a  circular  excavation  15  feet 
is  depth  was  made,  and  upon  the  bottom  a  grillage 
of  tinbers,  each  16  inches  square,  was  constructed. 
Then  nix  feet  of  earth,  iirmly  pocked,  was  placed 
apoD  mud  between  the  timbers  forming  the  grillage, 
ud  apon  top  of  the  earth,  about  five  feet  in  thick- 
Beaa,  or  160  tons  in  weight  of  concrete  was  laid,  and 
■nrmoanting  this  is  a  granite  cap  or  table  weighing 
42  tons.    Sunken  into  the  granite  and  fastened  to  it 
-    hj  teu  bolts,  24  inches  in  diameter,  and  reaching  up 
throngh  from  beneath  the  grillage,  and  ten  bolts  of 
the  Mme  diameter  reaching  through  the  granite  only, 
ft  the  bed  plaie,  weighing  four  tons.     Resting  upon 
■muerous  small  wheels  which  revolve  upon  a  circu- 
Ur  track  in  the  center  of  the  bed  plate,  is  the  gun 
carriage,  an  ordinary  triangular-shaped  aifair  sub- 
Mantially  built.     Projecting  from  the  rear,  and 
mdemeuth  the  carriage,  is  an  iron  arm  which  is 
aeeurely  bolted  to  a  piston  rod  working  in  a  cylin- 
der.    The  cylinder  is  filled  with  compressed  air 
mpplied  from  a  hydraulic  pump,  worked  by  a  small 
steam  engine,  the  pressure  in  the  cylinder  being  400 
poonda  to  the  square  inch.    When  the  gun  is  Ured 
the  reooil  is  received  in  this  cylinder,  and  upon  the 
compressed  air,  by  means  of  the  piston  rod  connect- 
ing with  the  g^  carriage.    The  pressure  of  the 
eomprened  air,  it  is  expected,  will  check  the  re- 
coil, and  throw  the  gun  forward  to  its  place,  or  by 
the  UHi  of  a  lever  it  can  be  held  back  until  it  is 
loaded.    Surrounding  the  gun,  and  with  an  inclina- 
tion towafd  the  muzzle,  is  a  wrought-iron  apron, 
upon  the  top  of  which  is  a  truck  or  groove,  in  which 
the  balls  or  shells  are  placed,  the  inclination  of  the 
track  forcing  them  around  directly  under  the  muz- 
Ble  of  the  gun.    At  this  point  the  ball  drops  upon  a 
fVame  bolted  to  a  piston  rod  working  in  a  small  cyl- 
inder.   The  piston  rises,  carrying  the  ball  with  it, 
until  it  is  opposite  the  muzzle,  when,  by  an  ingenious 
arrangement,  the  ft'ame  holding  the  ball  is  tilted 
over,  and  the  ball  rolls  into  the  gun.    This  cylinder 
Is  bolted  to  the  gun  carriage,  and  is,  of  course, 
always  in  position  to  raise  the  projectile.    The  gun 
being  revolved,  run  forward,  and  the  principal  port 
of  the  loading  done  by  the  aid  of  compressed  air, 
bat  little  remains  to  be  done  by  hand,  and  the  in- 
ventor is  confident  that  the  gun  can  be  loaded  and 
flred  six  times  a  minute,  or  more  than  thirty  times 
na  faftat  as  by  the  present  mode.    If  the  invention  is 
m  auocess,  the  advantages  accruing  from  it  will  be 
In^inuble  in  a  military  point  of  view,  and  the  prin- 
ciple can  be  applied  to  ships-of-war,  or,  in  fact,  to 
"J"  or  Mil  heavy  guns  in  whatever  position  they  may 
^^Pjaeacf.      The  carriage  is  being  constructed  upon 
•JJ^deu^pria    of  Capt.  Eads,  under  the   immediate 

Fort'if^"  ^^  ^'"  ^™*  ^"**^-  «'*K»°*'**'*''  ^  charge  of 
g^JvT^UQiiltou,  and  he  expects  to  have  it  ready  for 


^iibiti 


week.— TVt^ase. 


Old 


^£7-:«i»xosiv«  Matbbial.— The  following  ac- 
^m  J?^  ^^^'  ^  "^^  explosive  material  is  abridged 
^mtn"^  -Koliiiache  Zeitung,"  May  19th,  which 
'll^^ie'e  J»£ilitar.Wochen-Blatt"  as  its  authority  : 
Q^'^w^^^WMAc  time  since  the  proprietors  of  the  No- 
^n^  -.^^c-^wrder  Milb  obuined  a  patent  in  Swe- 
^%  ^Miamcovmry  of  the  so-called  *anmionia  pow- 


der,' a  substance  which  has  hitherto  been  only  em- 
ployed in  a  few  mining  districts,  but  which  otherwise 
seems  wholly  unknown.  Its  explosive  force  may  bo 
compared  to  that  of  nitro-glycerine,  and,  consequent- 
ly, far  surpasses  that  of  dynamite.  It  cannot  be  ex- 
ploded by  a  flame  or  by  sparks,  and  the  explosion  is 
effected  by  a  heavy  blow  from  a  hammer.  Blast 
holes  loaded  with  this  powder  are  exploded  by 
means  of  a  powerful  cap,  or,  better,  by  means  of  a 
cartridge  containing  common  powder,  for  this  forms 
a  more  reliable  exploder.  One  of  the  use  Ail  and 
important  properties  of  this  new  powder  is.  that  it 
does  not  require  heating  in  cold  weather)  whilst 
nitro-glycerine  and  dynamite  must  first  of  all  be 
warmed,  and  this  has  been  the  cause  of  many  acci- 
dents.*' The  same  paper  further  adds :  ^*  Accord- 
uig  to  information  we  have  received,  ammonia  pow- 
der was  discovered  by  the  chemist,  Norrbin.''  The 
German  *^  Building  News  "  contains  extracts  from 
a  report  of  the  Prussian  architect,  Steenke,  who 
makes  tlie  following  remarks  upon  tlie  safety  of 
ammonia  powder :  ''  Experiments  were  made  by 
fastening  a  lump  to  a  pendulum,  which  was  caused 
to  oscillate;  gunpowder,  gun-cotton,  nitro-glycerine, 
and  dynamite,  all  took  fire  as  the  flame  passed  over 
them,  but  the  ammonia  powder  did  not  begin  to  bum 
till  it  had  been  touched  by  the  flame  twenty  times. 
In  making  experiments  upon  the  force  of  the  blow 
required  to  explode  it,  it  was  found  tliat,  with  the 
apparatus  employed,  where  the  fall  of  a  weight  from 
4  to  6  ft.  would  explode  gunpowder,  nitro-glycerine 
only  required  1  j  to  2  ft.,  dynamite  2]  to  3  ft.  fall, 
whilst  a  fall  iVom  12  to  16  ft.  was  necessary  to  cause 
the  explosion  of  the  ammonia  powder." 

GUN  CoTTO.v. — At  the  Cambridge  meeting  of  the 
Association  in  1802,  a  committee,  consisting  of 
representatives  of  the  mechanical  and  chemical 
sections  was  appointed  for  the  purpose  of  mvesti- 
gating  the  application  of  gun-cotton  to  warlike  pur- 
poses. At  the  Newcastle  meeting  in  the  following 
year  this  committee  presented  their  report.  It  was 
felt  that  a  complete  study  of  the  subject  demanded 
appliances  which  could  be  obtained  only  (torn  our 
military  resources,  and  at  the  Newcastle  meeting  a 
resolution  was  passed  recommending  the  appoint- 
ment of  a  royal  commission.  This  recommendation 
was  adopted,  and,  in  1864,  a  commission  was 
appointed  which  was  requested  to  report  on  the 
application  of  gun-cotton  to  civil  as  well  as  to  naval 
and  militar}'  purposes.  The  committee  gave  in 
their  report  lost  year,  and  that  report,  together 
with  a  more  recent  return  relative  to  the  application 
of  gun-cotton  to  mining  and  quarrying  operations, 
has  Just  been  printed  for  the  IIousc  of  Commons. 

A  substance  of  such  comparatively  recent  intro- 
duction cannot  be  fairly  compared  with  an  explo- 
sive in  the  use  of  which  we  have  the  experience  of 
centuries.  Yet  even  with  our  present  experience, 
there  are  some  purposes  for  which  gun-cotton  can 
advantageously  replace  gunpowder,  while  its  manu- 
facture and  storage  can  be  etfected  with  comparative 
safety,  since  it  is  in  a  wet  state  during  the  process 
of  manufacture,  and  is  not  at  all  injured  by  being 
kept  permanently  in  water,  but  merely  requires  to 
be  dried  for  use.  Even  should  it  be  nMjuired  to 
store  it  in  the  dry  state,  it  is  doubtAil  whether, 
with  the  preciiutions  inclicatod  by  the  chemical 
invest ig'it ions  of  Mr.  Abel,  any  greater  risk  is 
incurr^  than  in  the  case  of  gunpowder.  In  the 
blasting  of  hard  rocks  it  is  found  to  be  highly  elfi- 
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riB  following  Btetemeot  of  the  nominal  strength 
of  the  armies  of  Continental  Europe  was  not 
1b^  siDoe  given  by  Baron  Kuhn  in  the  Aubtro-Uun- 
(tfi«D  Fariiament : 

Franet. 

AnoT 800,000 

Mobito  National  Guard 550,000 


Total 1,850,000 


Standing  armj. 
Lttodwehr . 


North  German  Bund, 


848.894 
185)552 


Total 1,028,946 

South  Germany. 

Standing  army 156,700 

iADdwehr 48,411 


Total 200,171 

North  and  South  Germany  together. 
TotaL 1,229,117 


jiuetro' Hungarian  Monarchy, 
Beffular  forces    including  navy  and  re- 

aerves 800,000 

Border  troops 58,000 

Laodwehr 200,000 


Total 1,058,000 

Rtutia, 
Field  army,  including  army  of  the  Cau- 
casus     827,850 

Local  forces 410,427 

Irregulars 229,228 

Total 1,407,000 

Italy, 

Army 848,461 

Mobiio  National  Guard,  including  Venetia,   182,800 


Total 480,761 


VBLOciTT  Of  Shot  ik  Guns. — ^A  series  of  experi* 
ments  has  been  carried  on  during  the  last  few 
days  at  the  proof  butt,  Koyal  Arsenal,  Woolwich, 
with  instruments  invented  by  Captain  Koblc,  lute  ot' 
the  Royal  Artillery,  and  now  one  of  the  tirm  of  Sir 
William  Armstrong  &  Co.,  at  Elswick,  to  measure 
iba  velocity  of  a  shot  while  on  passage  in  the  bore 
of  a  gun  when  flred,  and  also  to  test  tue  strcugth  ol 
gunpowder.  The  results  of  the  experiments  are  not 
yd  made  known,  but  it  is  anticipau'd  that  they  will 
materially  alter  the  data  ui>ou  which  theoretical 
calculations  are  made  in  gunnery. 

IMPBOVBD  Cabtridoks.-*A  great  improvement 
baa  been  eflected  in  breech-loading  cartridges, 
by  the  Colt  Firearms  Company,  by  which  the  cart- 
rtdge  case  can  be  reloaded  and  capped  ailer  firing, 
thus  utilixing  the  same  case  a  number  of  times.  At 
tbe  Frankford  Arsenal  the  machinery  for  making 
the  cases  has  been  so  much  improved  us  to  rival,  in 
precision  and  automatic  character,  the  machineiy 
of  the  pin  factory,  or  the  mint,  betides  greatly  re- 
dedag  the  oott. 


RAILWAY  NOTE& 

TTXIFORMITT  OF  DiSSIGN  AMD  StTLB  IN  MaCUINEBT 
U     or  THE  PSNNSTLVAMIA  KaILWAT. — This  IS  UOW 

ih*i  inflexible  rule  in  every  department  and  class  of 
utjuipment  and  manufacture.  The  refoim  in  this 
rca|>i'ct,  begun  ten  years  since  in  the  car  department, 
uuw  extends  to,  and  is  very  nearly  realized  to  all 
ihti  departments  of  the  road.  The  end  arrived  at 
WHS]  as  then  explahied,  '*  to  get  our  entire  equip- 
ment in  each  class  uniform;"  and  what  particuhurly 
commended  it  was,  that  it  would  dispense  with  a 
HUpcrliuous  variety  of  patterns  and  duplicate  work 
on  hand  for  repairs.  A  larger  view  of  late  has  pre- 
aeijtvd  itself,  expressed  by  the  superintendent  of 
Ttiotive  power  and  machinery,  in  his  report  for  1868, 
who  says  that  its  importance,  '*  both  as  a  measure 
of  economy  and  increased  efficiency  cannot  be  too 
highly  estimated ;  for,  with  such  a  system  only  can 
tbe  cost  of  re(»uirs  of  locomotives  and  proportions  of 
engines  out  of  service  be  reduced  to  a  minimum.*' 
Tb^  superintendent  of  motive  power  and  machinery 
ii^  a.'iMisted  by  a  mechanical  engineer,  in  charge  of 
tlie  drafting  room,  after  whose  designs  all  work  is 
tuado ;  and  gauges  and  templets  are  pkiced  in  the 
iiauds  of  all  manufacturers  for  the  company,  with 
drawmgs  of  every  portion,  even  to  the  seats  ior  iire- 
tucu  and  engineers  in  locomotives.  As  old  stock 
i  WLUirs  out,  it  is  cut  up;  and  the  numbers  re-appear 
Db  ' '  standard  "  engines  and  cars  of  uniform  pattern 
ihr^ughout.  No  deviation  i»  permitted,  at  any 
oiie's  will  or  caprice;  all  changes  must  be  adopted 
generally.  The  system  is  not  a  novel  one;  it  is  only 
p4x:uiiar  to  the  roud  in  the  extent  of  its  application. 
Wlicn  the  new  car  shops  are  completed,  the  com- 
pany will  manufacture  all  its  own  cars;  and  the 
tjtuij  is  not  distant  when  it  will  replace  all  failing 
ecigiues,  and  make  all  necessary  additions  to  motive 
puwer,  alter  a  s^-stem  equally  comprehensive.  In- 
d^i'd,  it  is  calculated  that  in  five  years,  instead  of  the 
/ori^  diflerent  classes  of  engines  now  in  use  (456  at 
this  writing;  additions  every  week),  there  will  be 
but  three  main  classes — standard  8- wheel  passenger, 
hiiiudard  10-wh<^l  freight,  and  standard  shilling. — 
Kach  of  the  first  two  classes  will  have  a  '*  modifica- 
tiuu,''  the  ditterence,  however,  consisting  only  in 
the  diameter  of  the  driving-wheel  and  the  size  of 
ttie  boiler.  An  obvious  result  of  the  system  will 
be  tbe  fact  that  many  of  the  most  important  pieces 
of  car  or  engine,  being  common  to  their  class,  will 
be  interchangeable — in  locomotives,  for  example, 
among  caistings,  the  driving-boxes,  eccentrics,  ec- 
ceuiric  straps,  etc.,  etc.  The  standard  locomotive 
i}t'  the  roud  is  no  less  admirably  adapted  to  its  work 
atid  condition  in  style  than  in  construction.  l>evoid 
ui  all  the  brass  ornaments  with  which  with  super- 
tluitus  outlay  it  is  customury  to  overload  engines; 
p^imied  a  plain  black,  with  number  in  gilt  and  a  few 
neat  gilt  traceries,  it  b  easily  kept  clean  and  its  en- 
tire look  is  m  keeping  with  the  character  of  iu  work. 
Tha  engineers  who  at  first  parted  reluctantly  with 
the  brass  and  the  fancy  painting  would  not  now  have 
ihrm  back.  Their  mistresses  are  admired  not  for 
iiili>\<ntitious  charms,  but  for  unpretentious,  solid 
wiirth;  for  the  relations  '^ she''  sustahis  to  her  lord 
ikiid  master  are  by  no  means  without  the  refinements 
uf  8^ntiment  and  afi'ection. — Chicago  Maitway  Aev, 

fVuK  Projected  Tunnel  Railway  Under  the 
X  Merset  to  connect  Birkenhead  with  Liverpool, 
for  which  powers  were  taken  in  a  bill  this  session 
baa  been  abandoDed  for  the  present. 
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than  fh>m  1,050  lbs.  to  1,150  lbs.,  tlie  whole 
1  work  done  beiug,  say,  25  horae-power  in  one 
~  75  in  the  other,  or,  supposing  the  speed  on 
I  csn<i>eiit  to  be  diminished  to  17  miles  an  hour, 
Id  but  60  horse-power.  The  carriage  is  not  one  of 
kiia  omnihus  kind,  but  has  seven  compartments  and 
BDArd's  Tin,  in  all  respects  in  conformity  with  the 
itandird  rolling  stock  of  English  lines.  The  weight 
per  'wheel  being  in  no  case  greater  than  2|  tons,  lines 
oC  corresponding  lightness  would  serve  as  well  as 
he^yjr  lines  now  nerve  for  heavy  engines,  loaded  as 
IlieT'  are  to  fVom  five,  six,  seven,  and  even  eight 
Umu  upon  each  driving  wheel.  If  even  half  filled 
witli  passengers,  such  a  carriage  at  ordinary  fares 
woala  earn  about  5s.  per  mile,  and,  if  filled,  of 
eourae,  twice  as  much.  The  whole  cost  of  working 
woald  certainly  be  small.  When  working  upon 
moderately  easy  gradients,  the  consumption  of  coal 
woald  run  but  from  6  lbs.  to  8  lbs.  per  mile,  the 
wages  of  driver,  stoker  and  guard,  making  100  miles 
a  djiy,  to  but  l}d.  per  mile,  and  repairs  to  probably 
leaa  than  a  pound  a  day,  or  2jd.  per  mile,  these  re- 
spective expenses  being  thus  only  5d.,  or  say,  6d. 
per  mile,  including  all  train  charges.  Permanent 
way,  station  expenses,  and  general  charges  might 
carry  the  whole  to  Is.  or  Is.  8d.;  but  even  at  twice 
the  last  named  cost  there  would  be  a  high  propor- 
tion of  profit  on  the  work. 

The  motion  of  the  carriage  is  easier  than  that  of 
an  ordinary  train,  the  total  wheel  base  being  so 
much  longer  and  yet  so  much  easier  from  being 
formed  upon  swivelling  bogies.  It  is  almost  im- 
poesible  to  imagine  that  if  branch  line  and  other 
short  traffic  passengers  were  allowed  to  make  use 
of  this  carriage,  they  would  not  universally  pro- 
nounce in  its  favor.  Mr.  Fairlie,  the  designer, 
having  worked  out  his  system  upon  the  great  scale, 
and  with  the  most  perfect  success,  as  Uie  experi- 
ments at  Hatcham  have  abundantly  shown,  is  not 
only  to  be  congratulated,  but  is  entitled  also  to  the 
warmest  thanlu  of  the  whole  railway  bodyjpolitic. — 
£ngin€€ring. 

OSCILLATION  or  RAILWAY  TRAINS. — Sir  Charlcs 
Fox  says  in  the  ^^ Times":  The  oscillation  of 
raiivray  trains,  more  especially  at  high  velocities, 
producing  what  is  ordinarily  called  "  gauge  concus- 
sion," is  a  very  serious  source  of  wear  to  the  per- 
manent way  and  rolling  stock  of  railways,  and,  as  a 
consequence,  of  great  expense,  to  say  nothing  of  the 
discomfort  it  occasions  to  passengers,  and  is,  in  my 
opinion,  caused  in  very  great  measure  by  the  use  of 
wheels,  the  tires  of  which  are  portions  of  cones  in- 
stead of  cylinders. 

If  the  English  engineers  would  use  the  swing 
hesm  on  their  railway  vehicles,  they  would  be  much 
less  tioublcd  ft>om  this  cause. — Ed.  V.  N.  M. 

THB   Mont   Gbnis    Tunnel. — The  underground 
works  of  Mont  Geuis  are  carried  on  with  in- 
eressing  spirit  and  energy.    The  opening  of  the 

rat  tunnel  for  the  locomotive  before  July,  1871, 
confidently  predicted.  The  Italian  minister  of 
public  works  is  hastening  the  construction  of  the 
ridlwsy  fh>m  Susa  to  Bardonn^he,  the  southern 
opening  of  the  tunnel;  a  guaranty,  it  is  understood, 
being  given  that  the  grand  opening  will  be  completed, 
and  the  whole  properly  walled  and  strengthened  .by 
the  time  this  railway  is  finished.  The  French  gov- 
ernment has  given  similar  pledges  as  to  the  northern 
opening  at  Modane. 


RAiLWAT  Casualties  in  1868. — The  complete 
official  tale  of  casual ti&s  to  human  life  and 
limb  on  all  the  railways  of  the  United  Kingdom, 
during  the  twelve  months  ending  with  December 
last,  is  212  killed  and  dOO  injured.  But  among  the 
killed  eight  suicides  are  counted  for  which  the  rail- 
ways cannot  be  deemed  responsible — unless,  indeed, 
the  eight  unfoitunates  were  shareholders.  Maldng 
this  deduction,  we  have  204  deaths.  This,  however, 
is  under  the  mark,  but  how  much  under  the  return 
of  the  Board  of  Trade  ofibrs  no  means  of  estimating; 
it  tells  us  only  that  the  statement  of  "  accidents  to 
servants  of  companies  or  of  contractors  cannot  be 
looked  upon  as  complete,  as  many  railway  com- 
panies (not  being  required  by  law)  do  not  report  to 
the  Board  of  Trade  every  accident  which  may  have 
occurred  to  this  class  of  persons."  Nearly  all  the 
recorded  injuries  and  about  two-thirds  of  the  re- 
corded deaths  Adl  under,  with  reference  to  the  suf- 
ferers, two  broad  and  opposite  categories — accidents 
fVom  causes  over  which  the  sufferers  had  no  control, 
and  accidents  from  causes  originating  in  the  mis- 
conduct or  carelessness  of  the  sufierers.  The  other 
deaths,  about  one-third  of  the  whole,  are  classed 
without  specific  regard  to  these  conditions. — Engi" 
fuering. 

THE  Thames  Tunnel,  which  opened  on  the  2d  of 
August,  1843,  was  closed  in  July  last,  having 
been  a  public  footway  for  a  period  of  twenty-six 
years,  less  thirteen  days.  It  has  been  purchased 
for  £200,000  (one-third  of  its  cost)  by  the  East 
London  Railway  Ck>mpany,  which  line  will  be  com- 
pleted, as  far  as  Wappiug,  in  a  short  time.  The 
new  Thames  Subway  IVom  Tower-hill  to  Bermond- 
sey  (Mr.  Barlow's  scheme),  commenced  on  16th  of 
February  of  the  present  year,  is  proceeding  very 
rapidly,  and,  if  all  goes  well,  will  be  ope^d  for 
traffic  in  three  months  time.  Its  cost  will  be  under 
£20,000.  The  works  of  the  old  Thames  tunnel 
were  commenced  in  1825.  Physical  and  financial 
difficulties  delayed  the  opening  for  eighteen  years. 

^rns  Dusseldort  Bbidge. — ^The  great  railway 
J.  bridge  over  the  Khine,  near  the  village  of  Hamm, 
a  little  above  Dusseldorf,  is  progressing  rapidly,  and 
will  probably  be  completed  before  the  end  of  No- 
vember. The  bridge  is  to  consist  of  four  arches, 
the  upper  part  of  which  will  be  made  of  iron.  The 
iron  work  of  each  arch  will  weigh  14,000  centners. 
The  bridge  is  united  to  the  main  line  on  the  lett 
bank  by  a  viaduct  consisting  of  fifteen  stone  arches, 
but  this  viaduct  does  not  immediately  join  the 
bridge;  it  is  separated  from  it  by  a  revolving  draw- 
bridge, so  that  the  line  can  be  rendered  impassable 
at  any  moment.  On  the  right  bank  a  fort  is  beiug 
built  which  will  command  the  whole  bridge. 

ARAPin  Change  or  Gauge. — In  Missouri,  last 
month,  the  Missouri  Pacific  Railway,  a  road 
nearly  200  miles  long,  changed  its  line  from  the 
broad  to  the  narrow  gauge.  Nearly  1,400  men  were 
engaged  in  the  work,  and  they  labored  with  such 
celerity  that  the  task  was  accomplished  in  twelve 
hours,  and  without  interrupting  the  business  of  the 
road. 

Boutet's  Bridge. — ^A  site  for  the  erection  of  the 
model  of  the  railway  bridge  from  Calais  to 
Dover,  designed  by  M.  Boutet,  has  been  granted,  at 
the  Government  marble  depot,  Paris,  by  the  Em- 
peror's minister  of  the  imperial  lumseliold. 
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A  Mahual  or  Machihkat  and  Millwoak.  By 
X  WiiJLiAJi  J.  Macquobh  Rankine,  C.£.,  F.K. 
L|Jfe.     London :  GrifBn  &  Co.     1869. 

Tills  in  an  entirely  new  work  of  Dr.  Kankine'S; 
he  RegiuB  Professor  of  Civil  Engineering  and  Me- 
hanicii  in  Glasgow  University. 

Tbe  book  is  divided  into  three  parts.  The  first 
ffeeta  of  the  Greometry  of  Machinery;  the  second, 
€  the  Dynamics  of  Machinery;  and  the  third,  of 
hm  Jfmieriali,  Strength  and  Construction  of  Ma- 
diinerj.  Under  the  head  of  the  Geometry  of  Ma- 
machines  are  considered  with  reference  to 
1^  comparative  motions  only  of  their  moving  parts ; 
roles  are  given  for  designing  and  arranging 
e  iMurta  so  as  to  prodnce  any  given  comparative 
motion. 

Several  problems  in  mechanism  are  solved  by 
BBethodi  which  appear  not  to  have  hitherto  been 
pnbiiahed,  and  which  possess  advantages  m  point  of 
Bnee  or  of  accuracy.  Such  are  those  regarding  the 
irmwing  of  rolling  curves,  and  of  some  kinds  of 
oems;  the  construction  of  the  figures  of  teeth  of 
■kew-bevel  wheels,  and  of  threads  of  gearing- 
eerewa,  by  the  help  of  the  normal  section;  and 
■ome  improvements  in  the  details  of  processes  for 
doiigning  intermittent  gear,  link  motions  aad  pa- 
rallel motions. 

Under  the  head  of  the  Dynamics  of  Machinery, 
•re  considered  the  forces  exerted  and  the  work 
done  in  machines;  the  means  of  measuring  those 
qonntities  by  indicators  and  dynamometers;  of  de- 
termining and  balancing  the  reactions  of  moving 
meases  in  machines,  and  of  regulating  work  and 
meed;  and  the  efficiency,  or  proportion  in  which 
the  osefbl  work  is  less  than  the  total  work,  in  the 
diflbrent  sorts  of  moving  pieces,  and  their  various 
eombinations. 

Under  the  head  of  the  Materials,  Strength  and 
Ckxwtniction  of  Machinery  are  considered;  first, 
tbe  properties  of  various  materials,  as  atfectins  their 
treatment  and  use  in  the  construction  of  machines; 
■econdlyy  tbe  general  principles  of  tbe  strength  of 
BUterials;  thirdly,  the  special  application  of  those 
principles  to  questions  relating  to  the  strength  and 
the  construction  of  various  parts  of  machines ;  and 
Ibarthly,  the  principles  of  the  action  of  cutting  tools. 
The  work  is  illustrated  with  numerous  diagrams. 
We  need  scarcely  say  that  any  work  of  Professor 
Benkine's  on  a  subject  such  as  this  cannot  but  be  of 
great  practical  value.  We  have  here  simply  to 
draw  the  attention  of  readers  interested  in  machin- 
eiy  and  millwork  to  its  publication. — Tht  Buildtr, 

rm  Mktallurot  or  Iron  and  Steel,  theoreti- 
cal   AND   PRACTICAL,   IN    ALL    ITS    BRANCHES, 
WITH  SPECIAL  RErERENCB  TO  AMERICAN  MATERIALS 

AM'D  PROCESSES.  By  U.  S.  OsBORN,  LL.D-,  Pro- 
ftMor  of  Mining  and  Metallurgy  in  Lafayette  Col- 
lie, Easton,  Pa.,  with  280  engravings  on  wood  and 
€9rolding  plates.  JPhiladelphia :  Henry  Carey  Baird, 
1889.  For  sale  by  Van  Nostrand,  28  Murray  street, 
Hew  York. 

This  voluminous  and  extensively  illustrated  work 
f»  pecnliarly  valuable  to  American  readers  from  the 
Uet  that  the  American  practice  is  so  largely  de- 
scribed and  illustrated.  We  liave  heretofore  had 
no  book  on  iron  and  steel,  to  any  large  extent  drawn 
flrom  home  sources.  While  wo  can  now  confidently 
recommend  this  work  to  our  iron  makers,  both  sci- 
entiflc  and  practical,  we  must  defer  a  more  cxtondud 
notice  of  it  until  another  issue. 


rpRANSACTIONS    Or    THE    iNSTITimON    Or    NaYAL 

X  Architects.  Vol.  ix,  1868,  4to.,  j^i^s.  Pub- 
lished at  the  Institution  Kooms,  9  Adelphi  Terrace, 
London. 

This  last  volume  is  as  good  as  its  predecessors} 
perhaps,  in  one  or  two  papers,  better  than  some  of 
the  eight  volumes  before  it. 

There  is  one  rather  formidable  evil  that  besets 
the  character  of  a  large  proportion  of  the  jMipera 
brought  to  the  annual  meeting  of  this  Institution. 
It  is  that  they  are  too  much  hobbies,  trotted  out  by 
their  authors  for  very  practical  purposes,  no  doubt, 
but  these  having  very  often  a  basis  in  gold  only,  the 
papers  are  apt  to  be  exaggerative  or  one-sided;  and 
the  politeness  of  discussiouK,  in  which,  probably, 
Ariends  manage  to  take  a  prominent  part,  do  not 
always  counteract  too  favorable  statements,  much 
less  expose  quackery. 

There  are  some  papers  to  which  this  applies  in 
this  present  volume — we  will  not  risk  the  odium  of 
specifying  them;  but,  except  in  the  case  of  two,  we 
really  do  not  see  that  any  very  decisive  corrective 
was  even  attempted  to  be  applied  to  statements 
which,  left  unchallenged,  must  lead  people  astray. 
There  are  nineteen  papers  alu>gether  in  the  volume ; 
the  moat  ponderous — and,  shall  we  say,  pufly  T — 
being  that  upon  the  well-worn  '*  turret  and  tripod 
systems,"'  and  that  scientifically  the  most  able  and 
important,  being  the  last  in  the  volume,  by  Prof. 
Kankine,  **  On  the  waves  which  travel  along  with 
ships.'*  The  doubts  thrown  upon  Mr.  Saxby's 
magnetic  methods  of  detecting  internal  defects  in 
iron,  seem  to  be  strengthened  by  the  ikct  that,  after 
more  than  a  year  has  since  elapsed,  we  hear  no  more 
about  it.  M.  Rochussen's  paper  on  the  Treatment 
of  Steel  Plates  is  valuable  and  worthy  of  reference, 
notwithstanding  that  it  contains  (p.  8)  one  astonish- 
ing statement,  viz :  '  as  the  mere  cost  of  melting 
crucible  steel,  both  in  England  and  Prussia,  is  £9 
per  ton,"  &c.  We  had  supposed  that  M.  Siemens 
undertakes  to  melt  cast-steel  in  crucibles  at  a  total' 
cost  of  under  £1  per  ton. 

Were  more  and  abler  men  of  applied  science  to 
preside  as  chairmen  at  these  meetmgs  in  place  of 
ancient  admirals  and  lords,  the  character  of  the 
papers  would  prove  higher,  and  doubtftil  statements 
would  be  more  efiectually  exposed. — Tht  Practical 
MtcKanic^t  Journal, 

Scientific  Studies,  or  Practical  in  Contrast 
WITH  Chimerical  Pursuits.  Two  popular  lec- 
tures. By  U.  DiRCKs,  C.£.  Reprinted.  Small 
8vo.  Spon,  London,  1869.  For  sale  by  Van  Nos- 
trand. 

In  the  first  of  the  two  of  these  popuUr  lectures, 
Mr.  Dircks  returns  to  his  first  biographical  love, 
and  the  subject  of  hu  previous  Urger  and  faithfully 
written  biographies,  viz :  the  '*  Life  of  the  Marquis 
of  Worcester,"  of  1805,  and  "  Worcester iana,"  of 
pleasant  reading  and  contain  some  of  tlie  biographi- 
1866.  These  lectures,  slight  as  they  are,  form  very 
cal  and  historical  cream  of  the  larger  life  of  the 
celebrated  and  wonderfVil  marquis. 

It  is  peculiarly  fitting  at  this  time,  when  another 
ignorant  and  self-sufficient  parliamentary  onslaught 
has  been  Just  made  again  upon  tbe  patent  Uws,  that 
we  should  draw  attention  to  Mr.  Dircks'  work  first 
above  given  in  title.  Without  venturing  to  affirm 
that  we  can  agree  in  all  the  author's  views  as  to  the 
rights  and  wrongs  of  inventors,  we  may  say  that  bia 
views  aic  gonorally  AUl  of  good  soiiao  and  clear 
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thought,  and  that  he  iodividuully  and  practically 
coraprebends  what  he  is  writing  about»  when  treat- 
iog  of  discovery,  invention  and  the  proper  and  im- 
proper bearings  of  the  existing  patent  hiw  upon 
the&e.  Nothing  can  be  iter  siiow  the  real  incapucity 
of  such  legislatorH,  ah  the  opt-^iers  of  the  Uile  debate 
on  the  aboiition  of  the  piUeni  hiws,  to  deiil  with  the 
subject,  than  their  confusion  of  thought  an  to  any 
distinction  between  discovery  and  invention;  a  CiHi- 
fUsiou,  however,  from  which  many  inventors'  and 
patentees'  minds  are  not  exempt,  but  which  Mr. 
Dircks  labors  to  clear  away.  We  commend  this 
volume  to  all  intereiited  in  patent *law  reform^  which 
is  urgently  needini,  and  which  should  be  initiated 
by  an  eflective  K<»ynl  comniistfiioii  ot  entiuiry  com* 
manded  to  A  ear  ait  pertinent  evidence  brought  be- 
fore it,  and  not  contrive  raerciy  to  hear  such  its  Hhall 
suit  the  foregone  views  of  the  commissioiierM,  as 
before  now  ha»  happened. — The  Pradkal  Mtchan- 
ic*t  Journal, 

PRACTICAL  MiNIVO,  f  CLLT  ASD  7AMILIA]U,T  D«- 
scBjBBD,  By  George  Eickard.  Small  Bvo. 
E.  Wilaon,  Koyal  Exchange.  London,  18C9.  For 
sale  by  Van  Nostrand. 

This  tittle  closely -printed  volume,  which  \h  preg- 
nantly full  of  matter,  dt»ea  not  helie  its  title;  it  is 
mininjf,  Vt  mi  ting  that  to  Britinh  metal -mining,  fully 
and  familiarly  described,  and  by  a  mau  who  ob- 
viously haa  had  large  exiierience. 

it  i^y  no  doubt,  impo!<«ible  to  coudenae  intOAlhin 
volume  of  this  stxe,  by  any  process  of  close  type 
and  narrow  iuargiu8j  the  whole  that  can  or  ought  to 
be  »aid  opoti  ko  large  and  so  varied  a  subject,  on 
which  much  more  might  Ije  writteo  in  the  ^vs\w 
homely  and  seasiblu  view  m  this  is  characteriied  by. 

Biit  tile  intbrmatiou  giveo  is  clear,  good  and 
practiced,  and  we  do  not  know  a  Ixnter  elementary 
work  to  be  put  ioto  the  bunds  of  a  tad  who  has 
already  mujitered  his  »ch(K)ling  and  is  intended  to 
become  u  miner;  it  will  at  kai>i  give  him  a  good 
panoramic  view  of  what  he  will  be  engaged  in,  and 
wh:it  sort  tjf  knowledge  he  must  acquire  to  succeed 
as  one  of  that  special i^zed  class  c>f  engiueers  called 
in  Cornwall  "  mine  captains."— Proc^ca/  Mechan- 
ict'  JournQL 

"lAlE    llAUPTTaKItK      DKR      LoCOMOTIV-DA.lfrPirA- 

1}  flCHiKEX,  &c.  Bearbt.  v.  C.  Schsfp,  Civil- 
ingenieur,  UeideJberg,  1809.     1  vol.  8vo, 

In  tlie  rtrst  part  of  this  work  the  author  clears 
the  table,  so  to  say,  by  a  didactic  and  critical  sur- 
vey of  ail  tlic  dilt'erent  classes  and  con  struct  ioos  of 
locomotives  which  have  got  into  established  use. 
In  the  second  part  he  proceeds  to  ciJtist ruction 
rules,  and  deduces  ab  i>n>i«e  the  proportions,  &c,f 
of  all  the  imp<irtant  part.H,  including  some  of  the 
most  recent  German  modi (1  cations  and  improve- 
ments of  valve  gear.  It  is  a  very  useful  book,  to 
tiie  reader  of  German,  for  the  purpose  proposed  by 
the  author/* self-study;**  the  best  education  that 
mechanic  or  any  other  adult  niajj  can  ever  receive — 
that  which  he  gives  him.self ;  the  only  one  that 
leaves  no  fortresses  of  iguorance  in  the  rear,  as  all 
pupil- teaching  often  does,  and  as  *"*  cram  ^'  is  sure 
to  do. 

Hcrr  Schepp'a  atlas  of  plates  are  excellent  and 

«l«*ar    rnprnving?*,   and   valuable  to  the   practical 

'  I'ullder,  all  the  neces^ry  dimensions 

in  llgures,  and  a  special  syst-em   of 

now  commonly  accepted  in  Germany, 

'  y  nhich  the  constructive  maU?riiil  of 


every  p^rt  is  obvious  to  tlic  ttfr.  w^hm 
color ingr — Practical  Mechamiiw  JowmL 

DlCTtOXAJlT   Of  ScitifTiric  TSJUIV.     I^»  ^  ^— 
TIN  Nl  TTALL,  LL  D.     StmkjJi  k 

For  Hide  by  Van  Nu^trainl. 

At  a  time  w hen  xtid  ti«dbiiiail 

i*i  so   much  need  sum  of  m 

terms  in  use  iu  th<  1  9chmom  k 

cannot  but  be  um  eafmMkrk§nA 

us  this  seemj^  to  U- ,   ^^a  •i.^t^gh,  l»o  dow,  Mil 
limits  of  it  there  are  not  a  ir«w 
thcless,  great  pains  tac?«?tu  to  h.ivc  W*jt.  talAli 
der  it  as   complete   us    t**^»  Vttoi  t 

limits,     Th«  work  is  proc* -  ^mitA  k 

duction  to   the    chtAsitlcatJim    aiid   timlj  4 
sciences, 

TtlK  PAlItT£KS'    MAGAEtlTK.       CilM:tll!ISti :  1. 
nendeckor  &  Co.,  Poblisberi,  1T§  Ihn  i 
An  excellent  mooihly,  contjuajiif 
the   various   styles   aii<l    bmiiciirs  of  ] 
also  information  ou  the  tuiture  miii  \ 
paints. 

INVEHTORS  AKD  IJtfVtN  ''\       III  tlXV  | 

the   Fhilos<iphy   uf  ,  the  H^  ( 

Wronp  of  Inventors ; fm 

tories  of  Secret   Invent ^'  -  -       S:     if 

8vo.     Spon  J  London    It^' 7       1-    r     ii    iv  Xi 

trand.  

MISCELUKEOC& 

EKAMCListn  laox  witd  Glaiw. — Aai«if  ^i 
interesting  and  beautiful  procesav*  of 
ham  industry  mttst  certainly  be  rcckjomd. 
enameling  iron  with  gloiss,  by  the  patcoinl  I 
of  CliiirIe-1  Henry  Paiis,  of  tnkDcc^  vUckviiini 
intrtHluced  into  this  0*1  tT''"  -     ' 

Selby  and  Johns*,  in  c- 
fttlis  and  Co.     The  enaii 
or  covering,  for mt^  up  r 
cast  iron,  so  as  etTectuuilv  )      ; 
of  the  mctaL     According  ^ 
mingham  manufacturer r  it  tr 
salts,  and  acid:*,  r      ' 
process  ivas  first  a  \ 
articles,  such   as    ^,,^l 
dishes,  fitc.     It  is  dow  > 
meat  dishes,  tea-cupn    i 
&c.     These  articles,  owing  t4.i  thrir  i 
durability,  command  a  liirg«^  ^a^ir-  in  tlik  \ 
By  far  the  greater  part,  howt  itmunUitmd 

for  use  on  board  ship,  or  Clk  ^^  cv  c 

market.     A  fall  or  blow  omv  muvc  i 
chip,  but  the  articles  thetuflelves  m  ] 
dcjitructible — a  movr  innk-irtaat  i 
the  replacement  or  i  5  difficult <«  tiy 

Pipes  for  gas  and  v\  •  toe  have  kf  tbia  j 

been  enameled  to  i»ouie  cuoaidenhle  t 
the  introduction  of  this  eiuu&Aled  wum  I 
to  coat  the  articles  of  a  grey  CHil^ir,.  i 
their  dull  appearance  the   demjuxl  fbr 
somewhat  circimiscribod,      «:*—•-    -'^^ 
enamel  was  tntn^dueed  with  *  hK^|MIV 

and  cleaner  in   appearance  ,    :S(tJM  m  ^ 

enameled  ware  isuccocHliHt ,  aiwi  hood  after  Mr  B*- 
jatuin  Baugh  extended  coroiidenihly  tjfee  pndif^^ 
by  intro^lucing  enameled  ir»in  for  door  w^t^ 
wagon  plates^  insnranee  plfit<*%.  mill  plali»,  ii^ 
street,  and  index  pUt«j«,  Hhow  otftUi  iloir  flitBt 
station  tmioe  pUtcs,  gndieiit  plitti,  §b^   9f  * 
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later  improveiiient  elaborate  designs  are  transferred 
in  enameled  colors  to  the  surface  of  the  plates,  and 
•absequeutly  burnt  in  a  Aimace,  thus  rendering 
them  proof  against  atmospheric  influence.  Finger 
plates  for  doors  have  been  manufactured  on  this 

Srinciple  with  marked  success,  classic  figures  hav- 
ig  been  introduced,  or  sacred  imagery,  well  ac- 
eording  with  the  Serrure  de  TabemaeU.  Another 
feature  in  the  recent  improvements  is  the  imitation 
of  engraved  zinc  plates  with  remarkable  exactness. 
£namel  has  been  applied  also  with  marked  success 
to  oormgated  iron  sheets  for  roofing  and  small 
ImildiDgs  (a  chef  d'auvre  of  Wolverhampton  pro- 
dnet),  a  purpose  to  which  its  capability  of  resisting 
the  action  of  the  atmosphere  adapts  it  to  a  remarka- 
ble degree.  There  is  little  doubt  that  much  greater 
extension  of  this  and  kindred  branches  of  industry 
is  in  store.— Cor.  Engineer, 

VBLOGiPBDB  Traction. — A  correspondent  of 
"  Engiueering  "  says  of  the  bicycle  : 

Merely  looked  on  as  a  graceAil  scientific  toy,  I 
think  the  instrument  worthy  of  consideration,  and 
am  sanguine  of  its  being  made  use  of  for  purposes 
of  travel.  If  you  will  grant  mo  the  space,  I  would 
ask  your  insertion  of  the  following  data  from  Mo- 
rin's  experiments  on  traction,  and  Weisbach's 
calculations  of  the  work  performed  by  a  man 
walking,  and  by  comparison  find  the  economy  in 
bicycle  riding. 

Extracts  from  M orin's  experiments  on  traction 
on  roads,  as  reported  in  *^  Kedtcnbacher's  Result- 
ate,"  viz  :  two-wheeled  cartt,  having  wheels  64  in. 
and  78  in.  respectively,  in  diameter,  and  axles  2j 
in.  diameter,  with  tyres  4  in.  and  5  in.  wide  : 


On  very  good  macadam 
On  good  paved  road. . . . 

Parisian  paved  roads  •• 

Telford's  older  experiments  gave  ^  on  paved 
roads,  and  JL  on  macadam ;  also,  I  believe,  with 
eommon  laden  wagons  without  springs. 

Now  for  the  otl^r  side  of  the  question  :  Weis- 
bach,  in  his  "  Ingenieur  and  Maschinen  Mecha- 
■ik,"  latest  edition,  1865,  second  volume,  page 
828,  computes  the  work  done  in  walking  on  a  level 
load  to  be  equal  to  the  weight  of  the  person  mul- 
tiplied by  ^th  of  tho  speed  per  minute. 

How,  if  we  suppose  a  man  to  weigh  140  lbs.,  and 
to  walk  at  the  rate  of  8  miles  per  hour,  we  should 
ha^e,  bj  Weisbach's  rule,  140X^/^^=8080  foot- 
poonds  per  minute  as  the  work  done  by  walking. 

I  compute  the  traction  for  a  bicycle  to  be  at  the 
Tory  ouitidi  ^th  when  going  about  10  miles  per 
hour;  for,  as  a  carriage,  the  velocipede  is  nearly 
perftctlon,  and  is  fitted  with  a  spring.  Taking  the 
weight  of  man  and  machine  together  as  210  lbs., 
and  traction  at  ^th,  we  should  get  for  the  speed 
of  Tclocipede,  when  the  rider  worked  up  to  the 
■ame  power  as  when  on  foot,  ^^f^^=:l(y2l(iM  ft. 
per  minute,  or  abont  11 .6  miles  per  hour. 

I  think  Weisbach's  estimate  of  walking  to  be 
too  high,  and  my  own  of  the  traction  for  a  bicycle 
to  be  too  high  also,  if  we  thus  estimate  walking 
to  be  equal  to  1820  foot-pounds,  aod  ;traGtkm  at 


For  64  in. 
wheels. 

For  78  in 
wheels. 

I 
1 

1 
8iT8 

1 

•     86:8 

1 
'     79:9 

107.9 

1 
99.9 

y^th,  we  get  a  speed  of  10.8  miles  per  hour  for 
the  velocipede.  It  must,  however,  be  remembered 
that  it  takes  months  of  practice  to  Jully  acquire 
the  use  of  a  "  two-wheeled  horse." 

(I0AL  Pbodvct  or  Gbeat  Britain. — The  pro- 
J  duction  of  coal  in  Great  Britain  was,  in  1867, 
according  to  the  returns  given  in  the  ''Mineral 
Statistics.*'  104,500,480  tons.  In  1868,  according 
to  the  returns  of  the  Inspectors  of  Goal  Mines,  the 
quantity  was  104,56^3,950  tons.  Of  this  the  exports, 
accordhig  to  tiie  returns  of  the  Board  of  Trade, 
were  as  follows  : 


Name  of  Conntry. 

Quamity. 

Declared  Value. 

KuMia 

Tons. 

0!O,787 

ftJU,U99 

835, 6A0 

583,450 

707,744 

360,018 

1,085,370 
534,161 
9t»,85a 
1U3.H51 
203,577 
542,570 

3,752,355 

£ 

306,103 
102,071 
387,721 
230,101 
346,303 
V»,WiA 
872,492 
294,218 
145,500 

72,046 
172,303 

Sweden 

Denmark. 

PruMia 

HaiMe  Towns 

Holland. 

France .................^ 

Spain  and  Canaries 

Iialy— Sardinia 

Uuiird  States 

Brazil 

BriiiBh  India 

203,903 
1,957,720 

Other  Coojitries 

Total 

10,837,513 

5,355,791 

A  return  showing  the  quantity  of  cool  raised  in 
and  about  the  coal  mines  of  Great  Britain;  the 
number  of  fatal  accidents  and  lives  lost  by  the  ac- 
cidents, in  the  year  1868. 


Names  of  Districts. 

Qaami7ofiy|,3-| 
coal  raiaed  iS^  j;  ^ ^'Z 

N  ortfaum  be  rIvMJ,  Cumber*  } 
land,  mid  N.  Diuhiini..J 

StJUih  Diirlmm. 

Noriki  nnd  k^sl  tnHiiciuhirc 
W.  Laitcajhire  h  N.  Walei 
Yofhshjfe    *......., 

175! 

in 

ASO 
195 

fiSO 

330 
320 

TblM, 

11,400,000 
1.'S,3M,QC0 
7,(J«3,UU0 
7,«MJ,UO0 

7|  609,  ODD 

6,000,000 

0,  MO,  000 

6,200,000 
H,OUO,tMJQ 

67 
84 

01 

126 
77 

58 

67 

90 

sa 
tm 

00 

8T 
AS 

BO 

69 

61 

104 

Derby,  Noinngfaain,  Ltiicea- 
ler,  BJMJ  Warwickihire. , , 

Nortti    SEBdbrtl,    Cb«>bue. 
BJtcI  Sliropftiurc ♦ . 

A  Stad^ird  and  Wcire«s(er- 

^^lonmouili,      Gloimfler*  l 

ttoiTie  net  A  DeToiuhire  } 

Sooth  Wftles,,,. \ 

61 

IM 

Tdi^:  Eoffland  &  WalW 

%mi 

SP,  8^7,000 

779 

998 

EafttBeotland .,,...... 

West  Sooyaail«..«. ,...««. 

«)3 

B,4S6,Cia4 
S,3S-1,b75 

41 
40 

43 

40 

Touk:  ScoilABd,,; 

457 

i4,7m,im 

§1 

R3 

Total* :  finflandf  Wb1« 
ami  ScoUaii4« .,4 .,... , 

3,ttl 

101,566;,  960 

160 

],mt 

A  Cement  fob  Leather  is  made  by  mixing  ten 
parts  of  sulphide  of  carbon  with  one  of  oil  of 
turpentine,  and  then  adding  enough  gutta-percha 
to  make  a  tough  thickly  flowing  liquid.  One 
essential  pre-requisite  to  a  thorough  union  of  the 
parts  consists  in  freedom  of  the  surfaces  to  bo 
joined  ih>m  grease.  This  may  be  accomplished  by 
laying  a  cloth  up<m  them  and  applying  a  hot  iron 
for  a  time.  Tho  cement  is  then  applied  to  b<»th 
pieces,  the  surfaces  brought  in  contact,  and  preasuro 
applied  until  the  Joint  is  dry. 
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IMPKOTSD  M^tiBiMB  TooLS. — Mr,  Juha  Woolflcld, 
of  the  Liverpool  Works,  Solio,  who  has  recently 
commenced  the  maiiufiiciiire  of  all  kinds  of  machioe 
tools^  Li  introducing  some  iraprovtmeuta  oi^  his  own 
dtsHign  in  conneciiun  with  kthc^.  All  lathes^  up  to 
lifteea  inch  centers,  he  fits  with  hardened  steel, 
conical  spin  dies  tind  l>earuig».  The  alidc-rest  sad- 
dle and  center-head  he  tits  with  steel  screws  and 
tiut-boxe*.  In  planing  mtichiue**  the  advantage  of 
thia  arrungemenl  is  csjjecially  ohviuus,  )et  it  i«  fre- 
quently ignored  by  makers  of  ftrat-cLaaa  repute. — 
The  saddle -slidoii  are  no  conatracted  as  to  protect 
the  screw  that  moves  them  firum  injury  or  dirt. 
The  surfacing  motion  is  new,  good  and  ioexiK'nsivc. 
A  reference  to  the  processes  of  lathe  making  will 
afford  some  idea  of  the  extreme  care  required  to 
produce  an  excellent  article.  The  tirst  process  is 
ihe  l)oring  of  the  bead.  Simuttiuieously^  with  this 
o}ieraiiuii,the  smith  forges  the  spindles  and  bnahes. 
This  Is  A  very  difficult  miiiter,  Fij'st-rate  smiths 
are  not  always  able  to  produce  a  s^und  lathe  spindle. 
The  iron  is  tlrst  forged  into  the  required  shape,  and 
a  piece  of  double  Sihear  .itetul  is  welded  round  it  to 
form  ihu  neck  or  bearing.  Should  thi.-*  not  be  per- 
fectly Nuund,  tt  is  pretty  sure  to  '*  tly'*  in  hardening. 
The  bushes  are  hteel  cy linden*,  forged  of  double 
shear  steel,  and  lapped  with  the  best  iron.  The 
welding  here  i>  required  to  be  done  jiert'ectly. — 
When  these  steel  bushes  are  annealed  they  go  to 
the  turner,  and  turned  parallel  outside.  Then  they 
are  subjected  to  a  red  heat,  and  suddenly  immersed 
in  running  water;  and  should  the  slight^^st  flaw  oc- 
cur in  the  weldf  they  crack  and  have  to  be  thrown 
aside  as  wasters.  If  all  gitta  well  they  are  driven 
into  the  hcadst^ick  bored  to  receive  them,  and  are 
lapped  true  and  clear,  or,  in  other  wordjs.  polished 
by  means  of  a  lead  lap  running  at  a  remarkable 
8pi9Gd.  The  spindle  is  annealed^  then  turned^  lieated 
to  nearly  a  white  heat,  and  plunged  into  a  stream 
of  water  icy^cold.  This  is  a  wevere  trial  of  the 
araith's  work.  The  next  process  is  that  of  polishing. 
This  is  effi^cted  by  placing  it  in  a  lathe  and  causing 
it  to  revolve  slowly,  an  emery  wheel  running  at  con- 
siderable velocity  in  a  contrary  direction,  until  it  is 
highly  polished.  Thus  the  spindle  is  a  perfect  *'fit'' 
when  put  into  the  bearings.  The  slide- rest  and 
saddle  are  planed  perfectly  true,  and  then  scrajicd 
4nd  smoothed  until  the  various  parts,  when  put 
tightly  together,  will  slide  freely  upon  each  other, 
a  process  requiring  great  care,  skill  and  attention. 
Caution  L^  ejipecially  requin^d  in  planing  slide ^ rests, 
beds,  &c.,  lest  they  should  spring  when  being  fast- 
emsd  upon  the  planing  machine.  Long  lathe  beds 
require  especial  care.  The  saddle  and  bed  both 
require  to  be  scraped  true,  until  they  slide  freely 
along  the  bed  iVom  eud  to  end.  Great  care  and 
nicety  of  finish  is  reijuisite  for  the  leading  servw*— 
In  the  construction  of  drilling  machines,  steel  spin- 
dles are  now  superseding  those  of  iron,  the  hilter 
being  Liable  to  bend  when  subjected  to  a  sudden 
Jerk.  Mr.  Wtx>l6cld  has  recently  patented  a  cor- 
mgating  machine,  which  is  estimated  to  perform 
ten  *■  *^  ■  work  of  ilie  ordinary  pres^,  without 
sm  ni«^La)  to  undue  strains.     There  cimj 

be  .      .  alK>ut  the  glaring  imperfections  of  the 

orduiary  process,  both  in   regard  to  economy  and 
excofk'ticr  of  t^*nrkm\n.hip  — Cor,  Engiater. 

i  the  correspondent  of  tho 
Philiidftphia  tfH>l -building 
'  '*J  nii.^  jkr;ictice  is  old,  and  the  use  of 
li  all  out  uf  date.— £a.  K.  N,  Jf* 


GASBQLDEBa,— Of  the  large  nQaber  •( 
in  and  near  London,  tba  gftjilif 

were  made  in  tho   neigh boiiioad  of 
The  largv'st  -  lu  tt&liteace,  Ihtl «f 

diameter  anj  •  cubic  feet 

Fulha'n  stai 
was  made  ! 
Dudley,  tht:  i....> 


liDMrialGM(%|ttC 
Westwood  '    "" 


woric  baritii  htm  \ 
out  by  the  Stavcly  Company. 

Of  the  makers  still  oearer  7 
Thomas  Piggott  &  Socm,   and   Me 
gasholders  are  well  known  lo  probahty  isii 
the  gas  engineers  in  the  kingdooi*  TWIlslI 
tirm  have  lately  secured  tlie  cosilrasi  iHr  4 1 
holder  ai  the  Western  Goworlu, 
Messrs.  Figgotta  are  engaged  vpoavDetT  ml 
diameter  for  Freston.     Tbclr  l*rgc«t  InMst  < 
one,  we  believe,  pat  ap  in  lielCast,  ittill9fL| 
diameter. 

The  hydraulic  punching  and  nrethigi 
at  Messrs.  Piggotts'  is  o^Etremely  c0r<^t«,  Ui 
rectangular  plates  any  nuraber  of  Mo  ip  Mtjj 
believe,  154,  are  punched  at  a  iiiiq^  Miw.i 
the  exact  pitch.     (Iriglmhlljr  Ihm  pisl«n 
vertical  steam  cylindcrr  Oif  nlnnit  4  ft.  i 
and  worked  with  50  lb«.  stcaai^  hmi  a  re4«ilf* 
I  draulic  plunger  of  4  or  5  In.  dl*AM4«T|  mk<A  «■ 
driven  home  with  a  Ibrce  of  perfaapa  4tf  t«a,  i 
to  at  least  2  tons  per  inch,  forcing  wMer  i 
its  own  solid  contenCa  into  an 
which  it  was  let  on.ns  require,  taa  pilr«Ci 
cal  9  in.  rams,  placed  oirer  tlM^  bed  of  ll 
ing  machine.    Theae  drw«  down  tlw 
head,  carrying  the  piinclMSSf  wbiell 
with  shanks  of  a  diameter  cqcusl  U»  1 
pitch,  and  secured  in  rows^  «mI  with  I 
in  contact,  in  grooves  propitfrty  Innttni  t 
punching  head.     Each  alternate  poadh  1 
it  ha  inch  longer  than  its  n«igbbor  < 
so  that  although  a  single  blawaoBlnlll 
through  the  plate  wiih  m,  ningi*  i 
a  pistol,  but  one-half  of  Ui«  [ 
through  at  once.    The  work  tbus  don*  i 
indeed   perfection.     Inataad   of 
cylinder,  a  pair  of  rotative   pumping      ^ 
now  employed,  the  working  pre^smrebeh^l 
to  2  tons  per  square  indi* 

The  hydraulic  riretliig  la  i 
draulic  pressure,  at  am  avartgt  miw  nf  1 
per  minute,  the  rate  ^ftea  rising*  fnr  ai 
to  one  per  second. 

frothing  would  more  wewt^j  ^rtet ; 
of  gasholder  platei  tban  f  li«  ooiiln'ratsot  i 
chine,   if  that  be  posilMn^  for  lakia 
**  buckles."    This  opermUen  Ima  now 
formed  by  hand,  a&d  It  reqalm  m^  wm 
efTecl  it  properly. — £ftf«n«srwif « 

CAfT*TR05  Tt:bi»  for  wmter  or  gns  art 
in  Enirland  by  turning  wff 
Ik  •  r '  ha  ends  of  ibtf  inbcw  to  mkVk 

fir  -^une  angle ^  so  tiMt  ibe  Mid 

m.*.  .-  ...  .  rted  into  t be  otbsr  wMioai 
of  the  ordinary  cetncni.  TIm  Jmlcll 
ver}'  quickly,  and  the  Joint  la  pedbetlj 
thirty-six  indies  in  dinmeter  bnre  baee 

joined  in   this  way.    LhmMiot   has 

miles  of  gaa-pipo  with  thb  >iint»  sad  tbe 
said  to  be  much  les«  titan  in  other  citica. 


FLcxf  nLi  Prrae  are 
iBg  aligbi  cnr^ak 


binary  iiri 
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THE  LATE  ORDNANCE  COMMIHEE. 

Written  for  Van  NoHrand's  Magazine. 

Bj  the  two  reports  of  the  Select  Commit- 
tee on  Ordnance,  submitted  to  Congress  July 
17th,  1868  and  Feb.  15th,  1869,  the  Ord- 
nanoe  Departments  of  the  Army  and  Navy 
bare  been  subjected  to  great  reproach.  In 
addition  to  charges  seriously  compromising 
the  official  integrity  of  certain  officers,  the 
whole  service  has  been  swecpingly  condemn- 
ed as  incompetent  and  unqualified,  persist- 
ently adherent  to  false  practice  and  theory, 
and  impervious  to  improvement.  Its  aboli- 
tion is  recommended,  with  the  substitution 
of  a  board  composed  of  officers  and  civil- 
ians. Knowing  the  causes  which  led  to 
these  investigations  and  reports,  and  having 
some  knowledge  of  the  persons  who  procur- 
ed the  appointment  of  the  committee,  and 
of  their  motives  and  antecedents,  we  have 
deemed  it  proper  to  lay  before  the  puMic, 
so  far  as  we  may,  a  review  of  the  whole 
matter.  It  need  hardly  be  said  that  the 
subject  is  an  important  one,  relating  as  it 
does  to  a  most  essential  branch  of  the  ex- 
eoative  department  of  government,  and  the 
one  charged  with  providing  materials  of  na- 
tional defense. 

The  report  of  July  17th,  1868,  received 
ioonsiderable  notice  through  various  news- 

Iapers,  and  is  already  known  to  the  public. 
t  related,  almost  exclusively,  to  the  action 
of  the  Chief  of  Ordnance  in  the  purchase  of 
rifle  projectiles.  The  other  report  has  re- 
oeived  less  public  notice,  although  it  was 
more  sweeping  in  character  and  significant  in 
iMigroage,  being  nothing  less  than  a  general 
arraignment  and  condemnation  of  the  Ord- 

VoL.  I— No.  12.— 69. 


nance  Department  in  the  strongest  terms. 
We  have  deemed  it  proper  to  discuss  the 
two  reports  separately,  and  analyze  them  in 
detail. 

Fortunately,  we  are  able  to  decline  enter- 
ing into  any  examination  looking  to  the  refu- 
tation of  the  charges  contained  in  the  first 
report,  since  this  has  been  done  most  satis- 
factorily by  the  court  of  inquiry,  summoned 
at  the  request  of  the  officer  whose  record 
had  been  assailed.  The  charges  made  by 
the  committee  are  not  only  met,  in  the  find- 
ing of  the  court,  by  a  flat  denial,  but  are 
virtually  pronounced  to  be  utterly  without 
foundation  in  facts,  and  the  accused  is  direct- 
ly complimented  for  his  integrity  and  effi- 
ciency. The  characters  of  the  officers  con- 
stituting the  court  will  certainly  place  its 
finding  beyond  cavil  on  the  ground  of  par- 
tiality or  bias,  or  any  ulterior  motive,  while 
the  exhaustive  investigation,  extending  over 
six  months  of  almost  uninterrupted  session, 
and  conducted  by  able  and  expert  counsel 
on  both  sides,  to  whom  was  allotted  the 
largest  liberty  in  respect  to  the  range  of 
testimony,  will  be  a  good  guarantee  of  com- 
pleteness and  accuracy. 

In  comparing  the  findings  of  the  court 
and  of  the  committee,  we  first  note  the  fact 
that  the  evidence,  upon  which  the  charges 
rested,  was  substantially  the  same  before 
both.  The  same  witnesses  were  summoned  for 
the  prosecution  before  the  court  as  appeared 
in  the  committee  room,  and  reiterated  their 
statements ;  the  documentary  evidence  in  the 
two  examinations  differed  only  in  being 
much  more  complete  at  the  second  than  at 
the  first.  It  may  then  be  fairly  asked,  how 
happens  it  that^  the  two  bodies  arrived  at 
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diameirically  opposite  conclusions?  If  there 
bad  been  evidence  ctjoiigh  before  the  com- 
mittee to  procure  such  u  »lr<>ii^  condcmna- 
tioti  aa  wan  uctuuUy  dullvercd,  tlio  same  ovi- 
detine  before  the  court  ou^ht  to  have,  at 
least,  fjualified  ibe  acqutttaU  It  will  bo 
borne  in  mhid  tbiit  the  diversity  of  itpiuion 
was  ui'Oii  matters  of  nimple  fact  and  nut  of 
law.  Had  it  been  the  former,  it  might 
readily  be  passed  over  as  an  ordinary  differ- 
enee  of  opinion  upon  a  matter  of  principle, 
illustrating  two  ways  of  viewing  the  >^nme 
things  and  both  defensible  ;  but  ia  truth 
each  body  was  called  upon  to  report  facts,  and 
these  are  matters  such  aj^lbc  law  holds  every 
hod-carrier  and  tinker  eapable  of  deciding. 
So  cogent  is  this  consideration  that  we  are 
driven  to  the  conclusion  that,  in  one  body 
or  the  other,  tlie  decisioTi  was  determined, 
not  by  candid,  impartial  judgiuent  upon  fair 
evidence,  but  by  a  predetermination  to  con- 
vict or  acquit  without  regard  to  the  evidence. 
Unhappily  a  perusal  of  the  two  records  al- 
lows no  other  intorprL'tation.  The  i^sue  was 
a  simple  one.  Had  the  Chief  of  Ordnance 
been  guilty  of  fraudulent  transactions!  and 
if  80,  what  were  I  hey  ?  No  mere  error  of 
judgment,  or  rlifft^rence  of  opinion,  as  be- 
tween impartial  men,  could,  under  tho  cir- 
cunistanees,  account  for  such  contradiclory 
decisions.  On  which  side  does  the  defect  of 
jutitice  lie  ? 

A  comparison  of  the  constitution  and 
functions  of  the  two  bodies  may  indicate 
where  we  may  presumptively  bjok  for  an 
explanation.  The  court  was  composed  of 
thfce  members  and  a  Judge  Advocate,  viz  : 
Gens.  Thomas,  Hancock,  and  Terry,  and 
Judiic  Advocate  Gen*  Holt.     The  members 


nominal  part  in  it,  atid  being  §clit>i 
in  the  committee  room.      Mr.  I 
most  the  sole  examiner.      U*^  Wi*  ^ 
no  rules  of  evideuce,  and  nopnrmi 
matter  of  practice,   except  thr  m 
witnesses.     No  counsel    vnsks  admil 
no  accused  person  being  formal  If  rti 
the  really  accused    party    wii*  n*^ 
It  will  be   readilj    seen    r 
charged  with  the  grave  re  - 
nishiug    Cifngrefts    with    iufarkift^ 
may     be     made     the     h'\^\^     of 
legi.-^lation,  and   \  iliAt  Wr  ' 

plenary    power  to  ^      i  :i    wilti 

every  corner  of  the  land,  withi^c  rrairictir 
as  to  whom  he  shall  or  ^ball  ««•»  ^rtT..: 
what  testimony  shall  be  admttt 
refused,  requires  to  be  a  person  ...  >«ij« 
ability,  and  most  espeeiullv,  to  b«  i ' 
prejudices.     Ho  ia  not  mend?  an  < 
but  a  judge,  whose  decision  t«  tW 
thoritative    guide    of    ('oiigrca** 
averse  to  any  invidiotts  eompfiri* 
persons  of  high   distlnctio'!  ' .  r  .■. 

of  making  one,   we  are   co« 
the  complaints   of  Geo.  Dyer'o  (xiwn^lMt 
that  the  finding  of  the  couff    n^- **  ac 
arbitrary  and   illegal,"'    m 
prejudices  of  the  metuben^, . 
tion  on  their  part  to  t^bield  a  bnHhff  t 
regardless  of  big  crimes  or  tW  (l«*i 
justice.     It  happens   tbtt  Gen.  Balkrj 
never   been    at    any    pains    to    roucul  I 
sentimetits  towards   the    re^lar   arnf,  i 
doubtless  many  can  recall  UIb  rt^iuarksi 
last  session  when  the   army    bill  wm 
the    House.      We  would    like  la 
the  question,  in    view   of  thcne  all 
whether  Gen.    Dyer    wan    not 


of  the  court  were  sworn*  lo  well  and  truly    encounter  adverse  prejudices  beforvj 


examme  and  inquire,  according  to  the  evi- 
dence, into  tho  matter  before  thenu  The 
examination  was  by  sworn  testimony,  in  the 
presence  of  the  accused,  and  was  conducted 
by  counsel  on  both  aides.  The  rules  of 
evidence  were  the  same  as  in  all  other  mili- 
tary courts,  which  eontbrra  to  the  practice 
of  United  States  civil  courts,  as  nearly  as 
their  pecular  constitution  will  permit. 

The  select  committee  was  very  differently 

eonstitutcd.     It  consisted  of  Messrs.  How- 

•  'ameron,  and  Drake,  of  the  Senate,  and 

^.  Butler,  Logan,  and  Schenek,  of  the 

'        -.  Butler  and  Logan  were  ap- 

■rommittee  to  conduct  the  ei- 

uon.  the  other  members  taking  only  a 


nitttee,  as  his  prosecutors  were 

court.     We  are  qui  to   eontrtit  lo  ! 

the  public  to  judge,   whether  th« 

this  particular    caj*e,  wa«  an'    "    ■- 

suffer  from  the  prcjadiecs  i 

Hancock  and  Terry,  than  fioni  u 

Butler.     Be  that  a^  it  may,  uaonel 

tare  to  deny  that  the  .^ 

was  essential  to  the  pc<  .  Hut 

cupied.     And  yet,  we  «.  ttaU  Ut 

that  he  at  once  ast^umci  f-f  t  y*f^ 

culing  attorney,  and  eoi 

tion  in  a  thoroughly  ejtp 

opportunity  was  conceded  to  dcfeiopth«oi^ 

side   by  other   testimony,  Aod   ki? 

am  in  at  ion.      Those   who   are   fikral 

legal  proocsscs  may  readiW  fona 

of  what  ftQ  astute  lawyer  like  Mr. 
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light  be  able  to  accomplish  under  such  cir- 
QtnstaDces.  But  this  was  by  no  means  the 
rorst  feature  of  the  case :  for  after  examin- 
Dg  witnesses  without  interference,  he  was 
o  bring  in  the  verdict.  To  the  most  im- 
lartial  man  such  a  position  would  involve 
he  gravest  responsibility.  How  did  Mr. 
lutler  meet  its  obligations  ? 

In  a  technical  examination  before  a  legis- 
Bktive   committee,  where  the  members  are 
lot  thoroughly  versed,  or  "expert,''  in  the 
ubject  matter  of  inquiry,   it  is  customary  j 
o  employ  the  advice  and  assistance  of  ex-: 
»ert  examiners.     Mr.  Butler  had  occasion 
o  avail  himself  of  such  assistance,  selecting : 
or  the  purpose  Mr.  Clifford  Arrick  of  St.  | 
3Iairsville,  Ohio.     Most  certainly  the  selec- 1 
ion  was  an  astounding  one.     The  important 
>art  taken  by  Mr.  Arrick,  in  the  course  of  j 
he     imbroglio,    renders   necessary   such   a 
(ketch  of  him  as  we  are  able  to  give.     Some  ; 
ime  prior  to  the  war  he  was  an  attorney, 
iDcl  subsequently,  an  examiner  in  the  Pat- 
ent Office.     Here,  having  become  familiar 
irith  the  progress  of  invention  in  rifle  pro-  ] 
ectiles,  he  at  length  became  interested  in  an 
nveotion  known  as  the  Eureka  projectile,  I 
)atented  by  a  Mr.  Stafford  of  New  York. 
Bj  a  piece  of  sharp  practice  Mr.  Arrick  ob- 
Aiued  a  patent  for  the  same  projectile  in  his 
>wn  name*,  and -proceeded  to  urge  its  merits 
ipon  the  Ordnance  Bureau.     Now,  shorn  of 
ill  verbiage,  and  reduced  to  its  lowest  terms, 
ihe  report  of  July  17th,  18G8,  arraigns,  tries, 
sonvicts  and  sentences  Gen.  Dyer,  because 
he  declined  to  establish  the  Eureka  projectile 
2S  the  standard  service  rifle  projectile,  to  the 
exclusion    of   all  others    as   worthless,    the 
ftftcribed  motive  being  pecuniary  interest  in  a 
projectile  of  his  own  invention.     We  must 
iigress  a  little.     In  the  year  1857,  Capt. 
Dyer  invented  a  projectile,  which  may  be 
considered  as  the  type  of  a  large  and  varied 
class.    Subsequent  developments  have  shown 
that  he  was  not  the  first  to  apply,  what  may 
be  termed  the  essential  feature  of  that  class, 
viz  :  an  expansible  cup  of  soft  metal  attach- 
ed to  the  base  of  it.     Still,  he  was  an  in- 

*8iDgalar1j  enough,  Mr.  Arrick  bad  been  employed 
••  oonnsel  by  Stafford  in  an  interference  case,  in  which 
hm  flueoeeded  in  proving  to  the  satisfaction  of  the 
•ommissioner,  that,  among  several  claimants,  Staf- 
ford was  the  first  Inventor.  Stafford  rubsequentlv 
Mtigned  his  patent  to  a  company  of  which  Mr.  Arrick 
wfta  (he  agent.  Soon  after,  Mr.  Arrick  files  an  ap- 
pltestion  for  a  patent  for  this  identical  invention  in 
bis  own  name,  an  interference  is  declared,  and,  by 
•olIatioD,  Stafford's  assignees  fail  to  appear  1  The 
■•Uot  therefore  goes  to  Mr.  Arrick  oy  default. 
(Coori  of  laqiury  Vol  II.  pp.,  223). 


ventor,  having  at  the  time  no  knowledge  of 
similar  devices,  and  was  the  first  to  apply  it, 
in  this  country,  with  any  degree  of  success. 
The  opening  of  the  war  and  the  success  of 
rifled  cannon  abroad  gave  rise  to  numberless 
inventions,  and  modifications  of  inventions, 
of  similar  purpose,  so  that  the  year  1863 
witnessed  the  establishment  of  several  stand- 
ard varieties,  which  were  used  with  what 
were  then  considered  very  fair  results. 
Though  exhibiting  wide  differences  in  me- 
chanical details,  they  all  possessed  one  com* 
mon  feature,  viz  :  a  soft,  expansible  portion  : 
compressible  into  the  grooves  of  the  gun  by 
the  force  of  discharge.  This  feature  is  a 
radical  one  in  American  ordnance,  at  pres- 
ent, and  is  sharply  distinguished  from  the 
system  more  commonly  adopted  in  Europe, 
which  is  exemplified  by  a  projectile  having 
grooves  and  lands  fitting  the  bore  of  the 
gun.  Confining  ourselves  to  the  American 
system,  its  extremes  might  be  well  represent- 
ed by  the  Parrot  and  Hotchkiss.  The 
numerous  species,  which  may  be  said  to  lie 
between  these  extremes,  were  mostly  deve- 
loped as  early  as  1863  —  all  subsequent 
variations  being  hardly  more  than  varieties. 
Some  of  them  underwent  modifications, 
mainly  with  a  view  to  correct  imperfections 
made  apparent  by  actual  service.  On  the 
whole,  however,  no  new  principle  was  brought 
to  light.  The  Dyer  'projectile  meantime 
had  been  superseded  by  the  Parrot—  its  in- 
ventor, and,  in  truth,  every  other  ordnance 
officer,  being  so  wholly  engrossed  by  ad- 
ministrative duties  that  no  time  was  found  to 
remedy  certain  deficiencies  disclosed  by 
practice.  Up  to  the  time  of  Gen.  Dyer's  ac- 
cession to  the  command  of  the  Ordnance 
Department,  Mr.  John  Absterdam  had  pres- 
ented two  modifications  of  it,  which  did  not 
make  it  in  any  respect  superior  and  probably 
not  equal  to  other  standard  projectiles. 
Yet  it  appears  to  have  been  the  general  con- 
viction of  the  most  expert  ordnance  officers, 
that  a  projectile  with  a  soft  metal  cup  at  the 
base  ought  to  be  the  best  projectile*  and, 
if  properly  constructed,  would  certainly 
answer  the  purpose  more  perfectly  than  any 
other.  Its  defects  were  felt  to  be  matters  of 
detail  and  not  of  principle.  These  opinions 
were  amply  justified  by  later  experiments, 
when  the  Dyer  projectiles  had  been  subject- 
ed to  important  modifications. 

In  the  latter  part  of  1863,  Mr.   Clifford 
Arrick  first  exhibited  the  Eureka  projectile 

*  For  field  Mrrioe  at  leMt. 
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to  the  ordnance  bureau,  and  obtained  an 
order  fur  a  prelitDiuary  trial ^  at  which  the 
action  of  the  smaller  calihcrs  was  proDOunc- 
ed  **fuir."*  N«»  uction  \yi%»  taken  hy  the 
bureau  upon  the  report,  anti  in  the  following 
May,  a  few  more  wer«  tried  at  Washington 
Ar&enal.  The  experimenting  officer  report- 
ed favorably  upon  thrm,  with  the  exeeption, 
that  the  fuses  failed  to  iju'nite,  owing  to  the 
entire  closure  of  the  windage.  After  Gon. 
Dyer  acceded  to  the  command  of  the  depart- 
ment, in  iSepteniber,  1864,  an  order  was  givcen 
for  a  further  trial  with  2i>-pounder8  having 
improved  mean,s  for  igniting  the  fuse».  This 
trial  elicited  a  highly  commendatory  report,! 
which  warranted  their  triiil  on  a  nmre  extend- 
ed scale,  in  competition  with  standard  pro- 
jectiles ; — the  caliber  selected  being  the  4,2 
inch  or  30-pounder.  It  ta  held  to  he  a 
tolerably  safe  rule»  among  expert.**,  that  a 
projectile  succeeding  well  in  a  larger  gun 
will  probably  succeed  well  in  a  smaller,  but 
not  vice-cersa — so  that  thi^  trial  was  expected 
to  furnish  data  only  for  HO -pound  era  and 
smaller  projectiles.  It  was  one  of  consider- 
able importance  J  for  it  was  expected  to  re- 
Bult  in  the  restriction  of  the  number  of 
standard  varieties.  The  competing  patterns 
were  the  Hotehkisst.  Parrott,  Schenkl, 
Eureka  and  Absterdam.  Early  in  the  trial 
the  Absterdam,  made  in  conformity  with  his 
second  patent,  and  closely  resembling  the  old- 
er Dyer  projectile,  failed  most  signully.  But 
Mr*  Absterdam  had  just  obtained^  a  third 
patent,  and  during  the  progress  of  the  trial 
substituted  the  projectiles  made  in  conform- 
ity with  it  for  those  which  were  giving  such 
disastrous  results.  The  trial  terminated 
lests  decisively  than  was  hoped,  and  failed  to 
furnish  mcansli  for  a  rigid  comparison.    The 


Eureka  had  Bhown  itself  tobi  a  fosd 

tile,  but  not  untfurmlj  te.     On  tir 
hand,  the  re4!ord  of  the  new  Abstcfji 
decidedly   better,    wlitle    ihc   Hulckkvi.  A 
the  very   last  of  the   triml,  g»»»,  •»  ^ 
tried,  the  Xa^ai  remltd  ^  nil  ;*  is  IffH 
whole  (|uestion  was  ^lilt  to  olicjiMt, 
us  regarded  the  Parrot tf  and  BelmU. 
were    \em    aatisfaetorj    than    citkif  if 
others.     At  all   events    there 
whatever  in   the    trial   to  wmrr»Bt  tl« 
mous  claim   put   forth   by  ^'^    ^ 
the   Eureka    had  proved  1 
cidedly  superior  lc»  aH  oihvr^,  ui\i 
of  Ordnance    wais    bocind    lo 
standard  service  proje»ctile,  to  iT 
of  all  others  as  worth IcJts^t     Ti 
took  that  view  of  the  > 
a  preposterous  idea  is  > 
terized  the  action  of  iitii.  Ih 
an  exercise  of  that  dberetion  w 
tionably  belongs  to  hU  pi- 
wa«  precisely  Mr,  Arriek*^ 
as  words  can  express  it.      He  l 
largo    number    of     lelterv^   ot 


i 


♦  Made  ftt  West  Point  hj  C*ptiiin  D.  W.  Flagler. 

f  Tbo  Wtishingtoti  triar«  wero  mii.d«  by  Lieuteimnt 
\yitUaai  Prineo,  mid  hb  reports,  furirarded  by  Mnjor 
lienlon  with  &  forma)  isDdarftetnenti  were  attributed 
by  tbo  CO  mm  It  tee  to  the  latter  oflBoer. 

X  Tbere  were  two  Ilotchkisi  projeotlles  at  this 
trial.  Tbe  mm  flrat  emplnjed  wiii  tbe  old  one-  to 
fatntlmr  to  all  our  artillery  officers;  this  h  figured  in 
the  pJate.  The  other  one  w»»  quite  now,  diffvrtnf 
from  the  old  one  t&to  cmio.  It  was  )]rovidt;d  with  an 
expandinii^  cup  at  the  bajje.  It  wa4i  not  preseoLed 
for  trial  uirtil  too  late  to  obtain  thorough  rosuUi. 
By  an  oversight  it  was  omitted  from  the  pUt«. 

§  Tbe  drawiugji  in  the  plnte  are  tbe  second  and 
third  Ab«terdam  palents;  the  one  with  the  brau 
labot  being  the  third. 

II  The  fuUowing  i«  an  abstraot  of  the  re«iilt«of  the 
trial  a4  tabulated : 

Between  February  llth  and  May  ITth,  the  firings 
fiiTe  the  followtog  re»»ihft:  Pariott,  .i44  shots  fired, 
wilh  &5  bad  shoti;  Botchkias  (old  pattern),  :U6  i^hots 
nred,  with  31  bad  shots;  Abaterdaui,  lAl  i-hots  fired, 
with^l»  bad  ihot«;  Eureka,  200  ahota  fired,  iritb  2T 


bad  shoiR;  Ifotcbkisf  (new  r»-n*»». t 
and  no  bad  ahul9«     HAtiu  of 
Hutclikiis   (old),    .OStl;   At 

A^h\  Hotchki«  (new)f  none.  Xha  L^ttA  *a^  i 
very  sHgbt  ndvanUge  orcr  th«  otliart  fa  MMil  ^ 
locity  Atid  range,  tu  tbe  p-^^-.^**  -^'•m^  hii  «a* 
nut   uniform.     The   aboTo  «  ttmfmwm 

dated    February  Stfltb*    I8«V.  «•*!•« 

new  Hotebkiis  wer«  QOt  r*«ttivc4  u&iil  Jsm* 

YABLS 

Of  comparatirt^i^fft  qf  40  iter«  ^Mdb  i 
1,360  yai  df,  im  #*«^r»Arf»  iUi. 
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•  Only  55  rounds   were   flred. 
known  only  after  ihe  war  ct>i««d. 

t  To  show  upon  wK  .i    -ii,.i.i    -trn^tiiT*] 
the  (<{ficiencry  of  a  Tepial,  tt  I 

stated,  that  the  cn  i«Tra«if«  M««>tfte 

Parrott  and  the  Ab^uraiim  i«,  lii^t  ia  ihittmm^^ 
«abot>  or  ba^o  ring^  it  «*  flu^h  '*  «ttb  lb«  baa*  d  ^ 
shot,  while  in  the  Utter  it  «xt«iiit«  mkmt  *A«f  M 
in  eh  beyond  tt,  fonolog  a  owp, 

^  Mr,  Arriek  made  ihl.«  rUim  w^rj  •tfiUtt/  "^ 
repeatedly.    8e*  i  Afri«fc  10  I)y«t«  ifuui 

Jan,  MtU  Feb.  r.  ,,  ig^,     Cmtnii  H^ 

Vol.  I,  pp.  I8l-l!r_    ,.  .  .-.  ,  p<».    1tfi-9NU 

§  In  the  month  uf  U«i.,  iJM^  aIo»%  bt  1 
Hint  long  laitert  to  %h%  biir«*ii  gm  %km  iaijiit 
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H0TOBKI88. 


PXR&OTT. 


Dtbe. 


EURBKA. 


SOBINKL. 


Dtbe 
As  modiOod  by  Mr.  Taylor. 


Abstbbdam, 
With  brass  sabot 


Daba. 


Abstkbdax, 
With  soft  metal  sabot. 


Sbllkes  . 
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length,  in  which  he  lost  sight  of  all  reason 
and  decorum.  He  spoke  of  the  demands  of 
the  public  service  upon  the  Chief  of  Ord- 
nance, which  ho  was  not  at  liberty  to  disre- 
gard, and  insinuated  that  he  was  rejecting 
the  only  device  worth  having,  by  reason  of 
his  personal  interest  in  a  worthless  contri- 
vance which  he  was  endeavoring  to  ihrust 
upon  the  service  under  cover  of  a  false 
name*,  and  through  the  agency  of  a  man  of 
straw.  Of  course  such  letters  were  emi- 
nently calculated  to  carry  conviction  with 
them,  and  to  create  a  warm  interest  in  the 
Eureka.  After  a  large  number  of  them 
had  accummulated,  Gen.  Dyer  requested 
Mr.  Arrick  to  state  specifically  and  exactly 
what  he  wanted,  and  received  in  reply 
a  twenty  paged  letter,t  amplifying  the 
merits  of  the  projectile,  and  culminating  in 
seven  propositions  asserting  its  superiority 
over  every  other  known  device.  He  then 
desired  the  Chief  of  Ordnance  to  assent  to, 
or  deny  them,  or  in  case  of  doubt  to  ap- 
point a  commission  to  determine  the  ques- 
tion upon  the  records  as  they  then  stood. 
To  this  Gen.  Dyer  replied,t  declining  to  be 
catechized ;  that  the  comparative  merits  of 
the  Eureka  projectile  were  understood  by 
him,  and  that  he  had  on  hand  over  5,000  of 
them,  which  would  enable  him  to  test  their 
full  merits  whenever  it  was  expedient  to  do 
80.  In  short,  he  refused  to  accept  the  al- 
ternatives of  either  rejecting  altogether  a 
good  projectile,  or  of  over-stating  and  over- 
valuing its  merits. 

No  person   of  ordinary  intelligence  will 
have  any  difficulty  in  correctly  appreciating 
the  merits  of  this  controversy.     Mr.  Arriek 
claimed  to  have  an  invention  which  ought 
to  supersede  every  other  for  similar  objects. 
But  was  there  ever  a  patentee  who  was  not 
ready  and  eager  to  claim  the  same  thing  ? , 
For  five  years  or  more  the  Ordnance  Office 
was  daily  thronged  with  sanguine  inventors, 
and  owners  of  inventions,  making  the  same 
claim,  each   strenuously  asserting   that   he : 
had  anticipated  for  many  years  to  come  all  I 
possible  improvement  in  a  particular  direc- ' 
-  j 

•  Letters  of  Arrick  to  Dver,  Feb.  9th,  18«6,  Court 
of  Inq.  I,  H2,  and  id.,  Oct.  16th,  p.  1»S.  Mr.  Ar-  \ 
rick  claimed  that  the  AU.^terdam  was  bat  another 
name  for  the  Dyer  projectile,  and  thnt  Gen.  Dyer  ' 
was  receiving  royalty  on  the  parch»ses,  and  as'ing 
Absterdam  to  conceal  the  tran^etion.  This  is  the 
gist  of  some  of  the  accusations  in  the  report  of  the 
committee. 

\  Letter  of  Arriek,  Oct.  25th,  lSd6,  Court  of  Inq., 
Vol.  1,  p.  201. 

%  Letter  of  Qen.  Dyer  to  Arrick,  Oct.  27th,  1866. 
Id.,  p.  2«^ 


tion,  and  thinking  that  the  Chief  of  Otd- 
nance,   and   all   his  subordinate  veie  tk 
embodiments   of    stupidity,    beeaose  tkj 
thought  diflferentlj.     Each  inventor  aecMd 
to  entertain  the  idea  that  the  Gorer^MH 
was  bound  to  accept  off  hand,  or,  at  lao, 
to  try  his  own  particular  contrivanee.   La 
some  statistician  calculate  the  expeue  if 
satisfying,  either  by  acceptance  or  triaLtk 
expectations  of    these   gentlemen,  tad  k 
will  be  edified.     Are  men  of  business  is  tk 
habit  of  purchasing  new  inventions  witkoit 
knowing   their   merits?     Are   thej  ii  ik 
habit  of  testing   them  for  the  sole  eiM^i* 
ment  of  the  inventors  ?     In  a  w jrd,  i^  lot 
the  usual  and  proper  course,  in  each  ut- 
ters, to  purchase  them  if  you   think  tkj 
will  pay,  and  to  let  them  alone  if  youdo&'tl 
Now,  what  earthly  reason  is  there  why  tk 
Government,    through    its    officials,  sImvuLI 
throw  away  this  prudent  and  universal  pnc- 
tice  ?   These  officers  are  required  to  jadgeof 
the   exigencies    of  their  respective  depart- 
ments, precisely  as  the  proprietors  of  priTUe 
establishments  judge  of  theirs,  andtommace 
them  in  the  interest  of  the  GovemmeDt,  lad 
not  of  inventors  and  contractors.     Mr.  A^ 
rick   deu\anded,    in  no  very   gentle  tena?, 
that  his  projectile  be  accepted,  i^nst  tK« 
judgment  of  the  department,  and  upon  co 
decisive  record,  though   he  afterward*  prv> 
posed   to  subject    it  to  the  form  of  a  triil* 
which  would  cost  S20,O0U.      As  the  Jti'irt- 
ment   had  on   hand  an   enormous  supply  ».*f 
projectiles,   which,    in    its  opinion,  wtr<  a^ 
good  as,  not  to  say  better  than,  the  Karek* 
was  likely  to  prove,  it  was  deemed  ineij-e- 
dieut   to  spend  a   large   amount   of  public 
money   in   settli  ig  a  quef^tion  of  no  prac- 
tical  importance  tit    that  juncture.     Even 
admitting,  for  the  sake  of  ar^ioent,  iLat 
the  Eureka  may  prove  to  be  somewhat  >af5^ 
rior   to  any  other  ever  urge«i   upon  the  U- 
reau,  is  the  Government,  at   the  clc»?e  of  i 
gigantic    war,    and    weighed     down    wnn 
debt,    to  incur  further  expense   iu  dem-n- 
St  rating  the  valueof  an  article  it  does  DOt 
want? 

After  four  years  of  solicitation  ;  after  h? 
had  become  intolerable  to  the  bureaa  aci 
everybody  connected  with  it,  Mr.  Arrici 
came  to  the  safe  conclusion  that  ho  hii 
spent  much  time  and  money  to  no  pur^o^*-' 
We  believe  his  friends  will  not  assert  ihii. 
in  his  wonderful  persistence,  he  was  -^o  -i:*- 
interested  as  to  work  from  purely  patri-tic 

§  Arriok  to  I>jer,  Jolj  9th,  1S87.    U^  p.  2S3. 
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Botives,  nor  are  we  aware  that  he  claims 
any  motive  but  the  pursuit  of  emolument ; 
and  when  we  find  him  thoroughly  committed 
to  the  serious  undertaking  of  the  overthrow 
of  the  Ordnance  Department,  we  see  no 
escape  from  the  conclusion  that  his  incen- 
tives were  money,  and,  perhaps,  revenge. 
We  are  by  no  means  left  to  conjecture  alone 
on  this  point.  He  expressed  himself  ready 
to  relent  if  his  claims  were  conceded  by  the 
bureau*,  but  in  the  other  event  he  was  re- 
solved to  spare  no  effort  to  demolish  it.  It 
seems  that  he  did  not  lack  powerful  co-ope- 
ration. We  are  not  aware  by  what  means 
his  determination  was  made  known  to  the 
Select  Committee,  nor  is  it  material.  His 
own  account  of  the  affair  is,  that  he  knew 
the  committee  wanted  him,  and  were  about 
to  send  for  him,  and  he  anticipated  their 
summonst.  And  so  Mr.  Arrick  became  the 
expert  examiner  and  adviser  of  the  commit- 
tee in  the  investigation  of  Gen.  Dyer's  ac- 
tion in  the  purchase  of  rifle  projectiles. 

Were  it  necessary  we  would  detail  some 
of  the  operations  by  which  testimony  before 
the  committee  was  perverted ;  how  Mr.  Ab- 
gterdara  was  made  to  testify  that  he  had  no 
patents,  when  he  had  them  in  his  pocket ; 
ht)W  indignant  the  old  gentleman  got  when 
he  told  the  court  that  his  evidence,  as  it  ap- 
peared in  the  record  of  the  committee,  was 
a  mutilation,  a  forgery,  and  he  repudiated 
itt;  how  the  Absterdam  projectile,  of  the 
third  patent,  which  had  been  purchased  so 
extensively,  was  shown  to  be  **  absolutely 
worthless ''  by  quoting  the  record  of  projec- 
tiles made  under  the  second  patent^ — a  dif- 
ferent affair  altogether ;  how  a  poor  woman 
was  made  to  testify li  that  Gen.  Dyer  had 
claimed  a  royalty  on  these  projectiles  in  the 
Ordnance  office,  and  in  the  presence  of 
several  individuals;  a  statement  which  Mr. 
Field,  by  a  few  minutes  cross-examination, 
showed  to  be  an  ambiguous  perversion  of  a 
remark  which  did  that  officer  no  little  honor. 
But  we  pass  them  by,  for  they  are  all  ren- 
dered ineffectual  by  the  finding  of  the  court. 

A  fitting  termination  to  this  marvelous 
investigation  was  the  preparation  of  the  re- 
port. After  giving  over  the  body  of  the 
Chief  of  Ordnance   to   his   adversaries,    to 


*  Arriok  to  Charles  Knapp,  Feb.  22d  and  Mar.  7th, 
1868.     Id.,  Vol.  If,  p.  .Ul. 

t   Arrick'B  te<«tiinony,  Id.,  p. 

X  Compare  AbstcrdamVi  teMiimony  before  the  com- 
mittoe  with  that  before  the  court,  Vol.  I,  pp.  28-29. 

<^  Cro.ij-exatniDatioii  of  C'lififord  Arrick,  Court  of 
Inq  ,  Vol.  II,  pp.  22S-229. 

II  TestimoQj  of  Mra.  £.  Dixon,  Id.,  pp.  862-371. 


wreak  such  vengeance  upon  it  as  they  saw 
fit,  and  to  toss  and  gore  it  in  the  committee - 
room,  it  might  be  thought  proper  that  the 
drawing  an  i  quartering  of  the  remains 
should  have  been  done  by  the  representa- 
tives of  the  law.  But  the  committee  thought 
otherwise. 

Mr.  Arrick  states,  in  his  testimony  before 
the  court,  that,  by  a  general  understanding 
with  the  committee,  he  wrote  the  report, 
presented  it  to  Mr.  Butler,  who  read  it 
over,  reduced  it  by  striking  out  certain 
passages,  and  re-committed  it  to  Arrick, 
who  made  the  connections  and  again  sub- 
mitted it  to  Mr.  Butler,  by  whom  it  was  ac- 
cepted and  presented  to  the  full  committee, 
who  in  turn  delivered  it  to  Congress  as  the 
report,  in  part,  of  the  Select  Committee  on 
Ordnance.  2'h(^  whole  text  was  written  by 
Mr.  Arrick y  verbatim ,  as  it  now  appears^ 
with  the  exception  of  the  last  three  lines.* 
As  nearly  as  we  can  figure  it,  this  report 
cost  the  country  in  the  neighborhood  of 
$200,000,  and  the  net  result  of  the  expen- 
diture is,  that  Congress  and  the  country 
have  been  enlightened  as  to  Mr.  Arrick's 
opinion  of  the  Chief  of  Ordnance  !  Why ! 
Mr.  Arrick  was  boiling  over  to  give  it  to 
them  for  nothing  but  the  asking  ! 

The  next  subject,  covered  by  the  report 
of  Feb.  1.5th,  18G9,  was  that  of  heavy  guns. 
Mr.  Butler  being  occupied  with  the  impeach 
ment  case,  took  no  active  part  in  this — his 
place  being,  in  a  measure,  supplied  by  Mr. 
Howard.  This  subject  being  far  more  difficult 
in  point  of  scientific  principles  involved,  the 
same  necessity  existed  for  a  resort  to  expert 
assistance.  That  an  eminently  qualified 
person  should  be  selected  was  a  matter  of 
the  first  importance.  To  convey  to  Con- 
gress information  which  would  enable  that 
body  to  form  a  correct,  comprehensive,  and 
concise  opinion  of  the  state  of  modern  ord- 
nance in  general,  and  of  American  ordnance 
in  particular,  is  a  task  from  which  the  most 
accomplished  expert  in  the  land  might  well 
shrink. 

In  England,  during  the  last  fifteen  years, 
not  less  than  £25,000,000  sterling  have  been 
expended  by  (lovernment  upon  experimental 
artillery.  Enormous  sums,  of  which  we 
have  no  record  before  us,  have  been  expend- 
ed in  a  similar  way  by  the  continental  na- 
tions of  Europe.  The  most  accomplished 
engineers,  army  and  navy  officers,  iron  mast- 
ers and  mcirhanics,  have  added  their  severest 

*  This  is  Mr.  Arriok's  own  version  of  the  affftir. 
Court  of  Inq.,  Vol.  II,  p. 
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labors,  and  moHt  strenaous  efforts  of  iDtellect 
and  capital,  to  aid  in  the  solution  of  the 
ordnance  problem.  In  England,  France 
and  Germany,  where  new  processes  and  new 
machinery  for  the  manipulation  of  iron  and 
steel  have  succeeded  each  other  with  mar- 
velous rapidity,  and  upon  a  constantly  in- 
creasing scale  of  power,  the  utmost  that  has 
been  looked  forward  to,  is  some  process 
which  will  render  practicable  and  reliable 
the  construction  of  the  enormous  guns  de- 
manded by  modern  warfare.  In  America, 
owing  to  the  greater  scarcity  and  cost  of 
capital,  and  the  backward  condition  of  ma- 
chinery for  manipulating  large  masses  of 
metal,  no  such  immense  establishments  as 
those  of  ShefReld,  Birmingham  and  Essen, 
are  in  existence.  The  attention  of  ord- 
nance officers  and  civilians  has  therefore 
boon  confined  to  such  materials  as  the  work- 
shops of  the  country  are  capable  of  mani- 
pulating, and  that  material,  so  far  as  the 
lurgest  guuH  are  concerned,  is  cast-iron.  In 
this  limited  field  have  been  employed  the 
talents  and  energy  of  our  most  practical  and 
learned  constructors.  The  question  of  ord- 
nance has  long  involved  the  labor  of  the 
highest  mechanical  genius,  the  most  ponder- 
ous machinery,  the  largest  accumulations  of 
private  capital,  and  the  most  lavish  expen- 
diture of  public  funds  of  any  scientific 
miostion  before  the  civilized  world.  Whom, 
then,  did  the  honorable  chairman  of  the 
Select  Couimitteo  on  Ordnance  select,  as  his 
representative,  to  elucidate  and  expound  this 
lofty  suhjeot  to  the  national  legislature  ?  We 
have  no  hesitation  in  asserting  that,  out  of 
the  thirty-five  millions  of  people  in  these 
States,  Mr.  Howard  selected  the  man  pos- 
sessing the  most  obnoxious  disqualifications, 
and  the  greatest  number  of  them. 

We  pause  here  to  apologize  to  the  readers 
of  the  EoLKOTio.  We  are  adequately  im- 
pressed with  a  sense  of  the  dignity  and  im- 
personality which  should  characterize  all 
professional  discussions.  We  also  a^isever- 
ate  a  profound  rt»speet  for  the  wisdom,  patri- ; 
otism,  and  official  dignity  of  our  national 
legislature,  which  we  desire  to  extend  to  all 
its  constituent  parts  and  members.  But  we 
find  ourselves  embarked  in  a  st^rious  discus- ' 
siou,  which  brings  us  face  to  face  with  a ' 
uuvst  anomalous  state  of  affairs.  On  the  one 
baud,  we  find  a  man  making  the  loftiest 
kind  of  pr\*teusions  to  professional  science, 
and  yet  is  at  the  farthest  remove  from  it. 
These  pretensions  are  not  made  quietly, 
modestly>  and  deferentially,  in  the  ordinary 


range  of  private  or  liteimrj  dbeosaoi,  Vtl 
coarsely,  blataDtlj,  and  abusively,  Mat  t 
high  inquest  of  national  importaace.   Oi 
the  other  band,  we  find  a  coDgre«OMlw- 
mittee  accepting  implicitly  these  blat  fn> 
tensions,  and  using  their  bigk  powen  t» 
push  their  consequences  to  the  utterMiL 
We  have  a  general  interest  in  this  Bitter, 
as  a  lover  of  truth  and  a  citizen  of  the  r^ 
public,  and  we  have  a  special  interest  ii  it 
as  a  member  of  that  small  but  seleet  b«ij, 
whose  professional  reputation  is  il■]Bcdiit^ 
ly   assailed.      What    is    our   duty  in  tW 
premises?     Is  there  an j  alternative  bvt tt 
tell  the  whole  truth,  regardless  alike  of  per- 
sonalities, or  of  the  character  of  any  eoa- 
mittee  whom  our  honorable  Congress  aij 
see  fit  to  designate  ? 

The  person  we  refer  to  is  Mr.  Nornia 
Wiard.  He,  too,  was  a  disappointed  i»pi- 
rant  for  wealth  through  dealings  with  tW 
Ordnance  Department.  Like  Mr.  Arrick, 
he  hud  an  invention  to  offer,  the  adoption  of 
which  he  had  urged  through  long  andwetiy 
years,  with  an  energy  and  importunitj  sick 
as  is  known  only  to  that  desperate  class  wb« 
throng  the  departments  and  infest  the  port- 
als of  the  capitol.  3Iany  of  them  are  men  of 
capacity,  and  certainly  some  of  them  mean 
to  be  honest.  Some,  too,  have  pergonal 
qualities,  which,  if  exercised  in  a  moderate 
but  honest  capacity,  and  controlled  bj  uioiie- 
rate  and  rational  ambition,  would  make 
them  invaluable  members  of  the  commnn  ty. 
But  they  are  men  of  desperate  need,  and, 
at  the  same  time,  bitten  by  an  inordiuate 
desire  to  accumulate  wealth  out  of  pahiie 
patronage.  Their  ravening  hunger  oMiier- 
ates  all  perception  of  public  interest  and 
morality.  Now,  if  eight  years  of  attiring 
solicitation  for  the  Government  accep  a^ce 
of  chimerical  schemes,  the  receipt  of  $1^».- 
809  in  Treasury  drafts  and  certificate?,  for 
which  the  Government  cannot,  and  Dr^er 
could,  show  $"25,000  worth*  of  effects:  the 
repeated  memoraliiing  of  Congre^**  a£iiD>t 
zealous  and  upright  otiicers,  and  in  faTor  «'f 
a  corrupt  scheme  of  private  emolumen:  at 
the  public  expense — if  hob-a-nobbing  vitk 


*  All  of  the  ordnane*  material  f«7«»&«4  \j  Xr- 
Wiard  to  the  anaj  and  aarr,  cxecpiia^  nefc  m  v&i 
made  in  cooformitj  vith  r«^lati*<a  pattens,  v^i 
found  to  be  nnserrievahlc  ia  the  fe.ri-  7^«  atb? 
commaDders  who  had  re^^ae^ted  a«3rf''ji^i.*  ^«^> 
steel  raof,  were  the  firsl  %*>  rv^a«5C  ti«ir  wi2^.~-^v% 

t  Tnere  are  sereral  oieBor^ai?  ;f  Jlr.  W^-t  :■ 
Congress,  the  mti>$t  iofaag^j  b«ia4p  ^*^  vi.«i  «u 
referred  to  tha  C«»mL(aa«  «■  aaa  'Tim  nr  »i  a« 
War,  in  ld$^ 
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hose  Congressmen  who  are  not  particular 
ibout  the  company  they  keep,  and  persuad- 
ng  them  to  recommend  that  Congress  ap« 
^ropriate  $125,000  for  a  claim*  which  is 
raudulent  in  its  very  essence — if  instigat- 
ng  and  procuring  the  appointment  of  a  oon- 
rressional  committeet  to  recommend  the 
lismissal  of  a  select  corps  of  zealous  public 
lervants,  for  no  other  earthly  reason  than 
lecause  they  refused  to  lend  themselves  to 
>hese  iniquitous  schemes  ;  if  these  things 
mtitle  a  man  to  a  high  position  in  the  cate- 
gory of  the  "  third  house,"  as  we  have  de- 
icribed  it,  then  Mr.  Norman  Wiard  belongs 
;here.  We  wish  it  distinctly  understood 
•hat  we  make  no  charges  which  we  cannot 
prove  under  the  seal  of  official  record,  and 
we  shall  in  due  time  give  the  proper  refer- 
ences. 

We  shall  first  proceed  to  characterize  the 
peculiar  invention  he  has  sought  to  estab- 
lish. Mr.  Wiard  was  occupied,  in  the  year 
1862,  in  the  fabrication  of  some  semi-steel 
50-pounders  for  the  Navy  Department. 
When  subjected  to  a  very  moderate  test, 
these  guns  burst  with  surprising  facility. 
In  speculatiuff  upon  the  reason  why  a  metal, 
having  such  nigh  tensile  strength,  should 
exhibit  an  endurance  inferior  to  cast-iron, 
he  came  to  the  conclusion  (by  what  logical 
process  he  does  not  inform  us)  that  some 
agency  was  concerned  in  the  destructive 
effects  of  firing,  other  than  the  mere  expan- 
sive force  of  powder.  It  at  length  appeared 
to  him  that  the  intense  heat  of  the  ignited 
powder,  together  with  that  produced  by  the 
friction  of  the  shot  against  the  surface  of 
the  bore,  would  occasion  a  difierence  of 
temperature,  as  between  the  interior  and 
exterior,  tending  to  compress  the  former  and 
extend  the  latter.  Guns  fired  rapidly, 
would,  in  this  way,  be  subjected  to  a  con- 
stantly increasing  tension,  which,  added  to 
the  force  of  the  discharge,  would  ultimately 
produce  rupture.  Satisfied  that  he  had 
solved  the  problem,  and  that  his  solution 
covered  every  case  of  rupture,  he  applied 
himself  to  the  devising  of  a  gun  which 
would  compensate  this  difficulty.  In  1864, 
after  much  solicitation,  he  procured  from  the 
Navy  Department  a  contract  for  the  con- 
struction of  two  15-in.  guns  upon  his  plan, 

*  Fortieth  Congress,  Third  Session,  House  Report 
No.  6. 

t  There  is  no  room  for  doabt  at  whose  instigation 
the  committee  was  appointed.  The  numerous  letters 
of  Arrick,  Wiard,  and  Horatio  Ames  (see  Vol.  II, 
Court  of  Inq.)»  contain  abundant  evidence  that  thej 
prooured  it,  and  were  able  to  control  it. 


designed  to  obviate  the  supposed  effects  of 
heat.  The  first  gun  was  condemned  in  the 
pit ;  the  second  was  finished  and  broke  into 
many  pieces  at  the  first  discharge.  The  de- 
partment did  not  deem  it  advisable  to  ex* 
pend  any  more  money  upon  an  experiment 
of  this  character,  and  although  Mr.  Wiard's 
importunities  have  been  very  great,  they 
have  been  invariably  declined. 

A  discussion  of  the  hypothesis  he  has  ad- 
vanced, we  must  decline  entering  into,  fur- 
ther than  to  state  a  few  facts.  That  a  gun 
is  heated  by  firing,  that  the  heat  so  pro- 
duced is  greater  in  the  interior  of  the  gun 
than  at  the  exterior,  and  that  the  difference 
of  temperature  may,  in  most  cases,  produce 
to  a  small  extent  the  tensions  Mr.  Wiard 
assumes,  are  doubtless  true.  But  the  ques- 
tion is  one  of  degree.  Mr.  Wiard  assumes 
that  these  tensions  are  something  enormous 
— every  gun  founder  and  constructor  of  ex- 
perience Knows  them  to  be  so  small  as  to  be 
practically  immaterial.  But  whether  they 
be  great  or  little,  his  proposed  plan  for  ob- 
viating them  will  appeal  only  to  **  the  risi- 
bles'*  of  the  true  mechanic,  and  if  it  has 
never  been  duly  characterized  by  competent 
authority,  it  is  because  such  authority  has 
deemed  it  too  bizarre  and  whimsical  to  dig- 
nify it  with  notice.  There  are  two  ways  of 
substantiating  a  physical  hypothesis^-one 
analytically,  by  mathematical  demonstra- 
tion ;  the  other  empirically,  by  experiment, 
and  a  complete  demonstration  should  prop- 
erly involve  both.  Mr.  Wiard  has  given  no 
analysis  of  the  effect  of  heat  upon  the  metal 
of  a  gun,  and  his  hypothesis,  therefore,  rests 
upon  no  theoretical  basis.  We  cannot  recog- 
nize the  statements  he  has  made  concerning 
the  effects  of  heat,  or  sudden  cooling,  upon 
various  masses  of  metal  as  having  any  bear- 
ing whatever  upon  the  thing  to  be  proved. 
When  he  submits  an  analysis  showing,  with- 
in a  reasonable  approximation,  the  amount 
of  heat  communicated  to  the  gun,  the  rate 
at  which  it  is  conducted  through  the  mass, 
the  degrees  of  tension  produced,  and  the 
relations  of  these  forces  to  the  ultimate 
strength  and  elasticity  of  the  iron,  intelli- 
gent mechanics  will  be  happy  to  give  it  such 
careful  and  respectful  consideration  as  it 
merits.  At  present  they  have  no  tangible 
theory  to  work  upon,  but  only  a  few  inco- 
herent assertions  on  his  own  authority, 
which  is  opposed  to  that  of  all  constructors 
known  to  the  public.  As  for  facts,  they  are 
all  against  the  hypothesis.  No  gun  ever 
burst  under  ciroomstanoes  which  could  prop- 
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erlj  warrant  the  assamplion  that  it  was  due 
to  any  cause,  other  than  the  expansive  force 
of  gunpowder.  But  numerous  experiments* 
have  been  made  with  a  view  to  test  this 
question.  Guns  burst  indifferently,  whether 
tired  rapidly  or  slowly,  or,  as  in  the  case  of 
some  of  Mr.  Wiard's,  at  the  first  discharge, 
in  which  the  assertion  of  such  a  cause  is  a 
contradiction  of  terms. 

Mr.  Arrick  is  a  true  expert,  and  the  con- 
trivance he  urged  upon  the  bureau  had  great 
merits ;  but  Mr.  Wiard  is  a  charlatan,  and 
his  gun  a  mere  monstrosity.  In  his  evidence 
before  the  committee  he  undertakes  to  ex- 
pound the  nature  of  the  mechanical  forces 
involved  in  the  action  of  gunpowder.  Who- 
ever will  take  the  pains  to  read  that  exposi- 
tion will,  if  he  be  versed  in  the  doctrines  of 
mechanical  science,  at  once  recognize  the 
fact  that  the  whole  testimony  is  an  impos- 
ture— a  pretense — an  aping  of  knowledge, 
which  he  does  not  possess,  and  never  can 
possess,  until  he  has  at  least  gone  through 
a  course  of  study  and  instruction,  such  as  is 
required  of  every  school-boy  who  becomes 
a  candidate  for  a  bachclor*s  or  professional 
degree.  It  is  a  bold  attempt  to  persuade 
the  committee  that  the  laws  of  force,  as 
taught  by  every  mathematician  since  the 
days  of  Galileo,  are  foolish  misconceptions, 
and  that  the  only  true  wisdom  the  world  has 
ever  seen,  has  found  its  incarnation  in  Mr. 
Norman  Wiard.  The  notions  of  this  man 
are  no  ordinary  errors.  They  are  such  as 
can  exist  only  in  the  absence  of  a  capacity 
to  understand  the  fundamental  principles  of 
mechanics,  as  taught  in  every  school  book, 
and  elaborated  in  every  treatise,  from  the 
theory  of  falling  bodies  to  the  Mechanique 
Celeste  of  Laplace.  Either  the  whole  world 
beside  is  utterly  wrong,  or  else  Mr.  Wiard 
is — not  only  in  special  deductions,  but  in  the 
simplest  principles,  which  every  uubreeched 
school-boy  is  bound  to  know.  Really,  mat- 
ters have  come  to  a  strange  pass,  when  the 
Ordnance  Department  is  to  be  compelled  to 

•  After  the  action  of  Fort  Fiiiher,  several  100-p<lr. 
Parrotta  were  fired  over  1,000  rounds  each,  one  of  the 
objects  cf  the  trial  being  to  determine  whether  rapid 
firing  exerted  any  appreciable  effect.  (Of  course  it 
is  possible  to  fire  more  rapidly  experimentally  than  in 
action,  where  time  i;<  consumed  in  sighting.)  Nothing 
was  developed  by  the  experiment.  It  has  become 
usaai  to  conduct  a  part  of  the  extreme  proof  of  guns 
with  the  same  view.  No  ai)preciable  effect  has  ever 
been  observed  to  result  from  rapid,  as  disiingui.shcd 
from  slow  firing.  Out  of  the  enormous  quantity  of 
exper  mental  firings  which  have  been  made,  it  is 
a  sheer  impossibility  that  any  such  cause  oould  es-  ' 
eape  deteoiioa  if  it'had  any  real  existence.  j 
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j  the  unsuita 
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fixed  and  cool 

♦»  A.  The  p 
equal  to  that 
in  stopping  th 
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lis  testimony*  he  refers  to  a  report  of  the 
!^hief  of  Ordoance,  which  speaks  of  certain 

•  ignorant,  or  designing  persons  "  who  have 

•  hindered  the  furnishing  by  the  Depart- 
nent  of  1,915  large  guns."  Mr.  Wiard 
lays,  **  I  hope  you  will  credit  me  with  hav- 
ng  prevented  the  perpetration  of  a  gigantic 
iwindle  thereby."  We  are  much  obliged  to 
lim  for  the  word.  We  shall  probably  agree 
^  to  its  meaning  and  differ  only  as  to  who 
19  the  swindler. 

In  October,  1861,  he  received  from  the 
Navy  Department  an  order  to  finish  a  num- 
ber of  7  J  in.  gunst,  the  blocks  being  furnish- 
ed him.  Having  no  means  of  his  own  he 
sub-let  the  work  to  one,  William  A.  Miller, 
of  New  York.  When  nearly  completed,  an 
inspection  was  held,  and  it  was  reported 
that  $5,270.00  had  been  earned,  which 
amount  was  paid  to  Norman  Wiard.  Mr. 
Miller  never  saw  a  dollar  of  this  money  and 
held  the  guns  as  a  lien.  Their  delivery  was 
demanded  of  Mr.  Wiard  by  the  Navy  De- 
partment, but  he  failed  to  respond  and  ulti- 
mately the  guns  were  forcibly  removed  by 
the  Commandant  of  the  Brooklyn  Navy 
Yard. 

In  August,  1861,  Mr.  Wiard  received  an 
informal  contract  to  furnish  the  Navy  De- 
partment with  a  number  of  semi-steel  50- 
pound  ers.t  They  were  to  be  deliverd  in 
lots  of  five,  and  upon  the  notification  of  the 
acceptance  of  each  lot  after  inspection,  an 
order  for  a  new  lot  was  to  issue.  The  first 
six  guns  submitted  for  inspection  failed^ 
most  signally.  Three  of  them  burst  by  fir- 
ing less  than  eleven  rounds  with  five  pounds 
of  powder,  and  a  fourth — the  trial  gun — had 
been  disabled  after  some  350  charges.  One 
of  these  guns,  after  bursting,  was  found  to 
contain  a  false  bottom,  which  had  been  in- 
serted to  hide  an  error  of  dimensions.  In 
the  investigation  which  followed,  Mr.  Wiard 
asserted  his  ignorance  of  the  fraud  and 
charged  it  upon  various  manufacturers  and 


*  Tef  timony  of  Norman  Wiard  before  oommittee. 
Report  of  February  15,  1369. 

t  See  letter  of  Seo.  of  Nary  to  Senate  4l8t  Con- 
gress. 1st  Session,  Senate  Ex.  Doc.  No.  1 1 ,  March  3 1st, 
1S69.  This  dooament  is  a  compilation  of  official  cor- 
respondence between  Norman  ViTiard  and  officers  of 
the  Nayy  Department  submitted  without  comment. 
The  statement  we  give  we  vouch  for  as  being  a  cor. 
rect  epitome  of  the  statements  therein  contained. 

X  The  whole  history  of  these  50-pounders  will  be 
found  in  the  document  just  referred  to. 

§  One  was  fired  350  times  when  it  showed  an  ez- 
eesi«ive  enlargement  of  the  vent;  one  burst  at  the 
ninth  fire;  one  at  the  tenth;  one  stripped  a  land 
at  the  first  fire  and  exhibited  at  the  tent-h  fira  a 
oraek  about  four  feet  long. 


artizans  who  had  immediate  charge  of  the 
work.  One  of  these  persons  acknowledged 
the  sole  responsibility  and  .in  his  defense 
made  some  very  significant  disclosures.  His 
statements  were  sustained  by  the  affidavits  of 
four  men*,  who  were  in  no  wise  implicated 
in  the  fraud,  and  whose  testimony  is  unim- 
peachable. It  seems  that  the  practice  of 
doctoring  sick  guns  was  a  most  extensive 
one  at  the  establishment  where  Mr.  Wiard's 
50-pounders  were  made,  and  that  he  himself 
inaugurated  the  system.  Flaws  were  ham- 
mered up,  seams  brazed  and  holes  plugged 
with  screws.!  Guns  which  had  been  reject- 
ed were  artfully  tinkered^  and  restored  to 
their  vacant  places — all  by  Mr.  Wiard's  own 
orders  in  almost  every  case  specifically,  and 
against  the  repeated  protests  of  his  manu- 
facturers. 

Of  these  50-pounders  the  Department  ac- 
cepted only  one — the  first  and  trial  gun, 
which  was  paid  for.  Mr.  Wiard  made  ten,  of 
which  four  were  never  brought  to  trial.  Of 
the  other  six,  two  were  fired  ten  times  with- 
out injury  and  landed  by  Mr.  Wiard  at  the 
Navy  Yard.  They  were  never  received  by 
the  Government,  and  yet  Mr.  Wiard  present- 
ed a  bill  for  them,^  amounting  to  $9,671.30. 
As  the  Department  declined  to  pay  for  them, 
he  proposed  that  the  subject  be  submitted 
to  a  commission,  promising  to  abide  fully  by 
its  decision.  The  commission  was  appoint- 
ed conformably  to  his  request,  gave  tlie 
matter  a  full  hearing,  and  reported  adverse- 
ly to  his  claim.  We  shall  soon  see  how  he 
kept  his  promise. 

In  April,  1863,  Mr.  Wiard  entered  into 
a  formal  contractll  with  the  Navy  Department 
to  cast  a  15-in.  trial  gun  upon  his  peculiar 
plan,  designed  to  obviate  the  effects  of  heat. 
When  ready  for  trial  he  was  to  receive 
one-half  the  full  price,  which  was  to  be  25 
cents  per  pound,  the  balance  to  be  paid  when 
the  trial  was  completed.  In  case  of  failure 
he  was  to  be  allowed  to  make  a  second  gun 
under  the  same  conditions,  which,  if  success- 
ful, was  to  be  considered  as  the  trial  gun. 
As  we  have  already  stated,  the  first  gun  was 

•SeeaffidaviU  of  William  L.  Miller,  George  P. 
Qernster,  J.  T.  Plass,  and  Isaao  F.  Tioe.  Id.  pp. 
52-58. 

fid. 

X  Every  iron  maker  knows  well  enough  that  of  all 
forms  of  iron  the  most  treacherous  and  worthless  is 
somi-steel  as  it  is  called.  Ii  is  in  effect  a  wretched 
half  kneaded  and  half  cooked  variety  of  wrought  iron 
utterly  unsuitable  for  any  purpose  known  to  the  arls. 

§  Id. 

II  Id.  The  oontraot  in  full  it  published  in  the  doen- 
ment  referred  to. 


1068 


VAN  NOSTRAND'S  ENGINEERING  MAGAZINE. 


an  imperfect  oftsfcing  ;  the  secaud  burst  at  \  UubJgreii  gun  obf*olei«,  no 
the  tirst  fire,  and   termiuated   the   contract.    »^^J)^^^  me^».  of  defe»^*. 
Mr-  Wiara  ;a.  paid  $5,100.00  for  the  fiiBt  ^-^''^^  -"^-^^^  ^*^  "«> 
•   ami   $4/295.00  for  the   second.     In 


;.vu^jT    of  tir  % 


gun 


acknowlctlgiiig  the  receipt  he  signed  an  ex-  -„,.-_ ^^    .,  -^^ -^ 

plicit  Btateineutt  that  the  aecepiance  was  a  ^Kv  wtre  sust^iiticnl,  ciMU.l  <^ 
Lai  «eUlo„.ont  of  all  cluims  against  th.  |  ^^V:SLSi^ '^l^; 
Navv  Department, 

On  the  lath  of  January,  18(>9,  Mr. 
Schenck,  in  behalf  of  the  select  coinniitteei 
reported  to  the  Housel  a  bill  !^PF<*priiiting  1  ^^^ ^*/;;;^^^^^  '^'*^^'  nefctuior*  < 


the  ascendant. 

While  the  Bodtucui  p«lenis  i*nv  a^ettlimi 
expired  lost  year),  the  (noncy  tiit«fiE«t, 

Atid  ilu 

t«>  me  unu^saiUlily  h}*  pitiTit^i,  frsnrdo 
1  liold  LhHt  I  have 
biisinexs  of  th«  fui 


Mr.   Wiard   the  sum    of  84*2,180.00   for  ,  j,j^^,p^^^.j,^^  j^^^^^,  ..^  ,^.,..i ^.^ 

nine  semi-steel  50-pounders,  and  §83»0GS.49  i  aitcntioiia  iu  a  rev. 


to 


publication,  to  wblcli  I  Ask  j 
And  now  tbo  n^al  ahjoci 


for  various  expenditures  attending  the  pre- 1  vok<?  the  nisyesiy 

parations  for»  and  the  construction  of,  two  |  m*»ved.    As  evidence 

15-in.  guna,  making  a  total  of  $125,848.41*. 

Through  the  personal  representations  of  Mr. 

Schenck  thi^  bill  was  passed  by  the  House, 

and  went  to  the  Senate,  where  Mr.  Howard, 

the  chairman  of  tbe  selcet  committee,  urged 

its  passage.     Fortunately,  Mr.  (irimes  uf  the 

Naval  coiuinlt tee  happened  to  be  aware  of  | 'tuiprvsii  you  fdv 

the  true   nature  of  the   scheme   and  at   hia  |  than  at  li  person 

rei|ue.st  the  bill  wa^  defeated. 

We  have  been  permitted  to  see  the  ori- 
ginal of  the  following  letter,  to  the  genuine- 
ness of  which  we  can  certify ^  We  withhold 
the  name  of  the  firm  to  which  it  is  address- 
ed out  of  deference  to  their  desire  to  avoid 
a  publicity  nowise  agreeable  to  them.  At 
the  same  time  they  are  ready  to  make  any 
acknowledgments  which  public  intereiit  may 
require- 


•  mi}  la  » 


ul  \< 


of  thU  kUci     ii 


the  liTun   busia 


■a 


,ur  hj 


libiMit    to  enter  upou 
building  u  foundry 
tuTiingvment  witli 

fonndrie;*,  for  tbe  i; ,   , 

syHU^ni}  and  I  ilcstre  la  ktHiw  it 
yoiiiu  Any  degree .     f  h.^o*   no 

at 

glud  t'  * 
dcsiro!!^ 

If  yv 

or  integrity 
been   some 

desire  to  refer  lo  Mr.  - 
City,  a  gent1em«in  who  i 
I  years.     Mr,  Sinclair  U  |*ubii>Wr*  ui  Um  li 

ilupiog  you  will  rvap*>ii»l  to  ibU 
I  am .  ; 


...^ 


whkh  1  ^mi  It 
totUtl  Umni  UhI  fm.  wm 
t  in  it — not  odMCvm 


MatV  BniLDtsfQ,  Rooir  3,  oca.  Tth  xwd  E,  { 
WASiiiJiOToJtf,  2l8t  June,  18*>9,  J 

Geniioiuen :  It  atlortls  me  g;tuti8«;^rion  tu  bts 
able  to  forxfani  t<»  you  by  m}iil  a  copy  of  the  last 
report  of  the  Joint  Cfunmtttec  on  Ordnance  on  the 
aabjeet  of  lieavy  ordnnnce. 

1  do  not  know  how  far  yun  have  made  yourselre* 
acquainU'd  perHonally  with  thr  ihoorie*  I  hji-ve  ad- 
vanced for  the  p^wHt  eiglit  years,  in  rtlntioT*  to  the 
**  onUiunoe  prohlcm.'^  I  tbert'fore,  abo  furwiird  to 
you  a  co|iy  of  a  <^ommini»crttion  I  niiidf  totlve  eom- 
mittev  (m  iliu  ciUidnct  of  f  bt*  w.^r,  f^arty  tfi  1H*»5,  be- 
lieving that  you  c  roj»ew- 
ed  con^vetjuenee,  v.  ot.  by 
the  dcte I* niin.it ion  n J  nr  lui,  in  i  vi> 
arc  rmpuri'd  for  the  lori ideations  c 

report  of  thr*  BoAfil  of  Onbunce  A ^  -,     -  i  ^.  i- 

gIntH  r  (trtieefs,  apprised  20tli  of  Febniary,  1867, 
eonc bided,  a»  shctwu  on  page  171  of  tlie  report  of 
the  Ordnance  C<miniitt€MSj  and  in  view  of  the  facta, 
that  the  Rod  man  sj  ^tem  is  now  condemned  by  the 
appr^prlAting  branch  of  thti  Government,  the  Parrolt 
ay  stem    being  no  longer  in  competition,  and   the 


•Id. 

t  Readinf  M  fotlowf :  **l  hvrmhj  a«9«pi  ih« 
aboTQ  (ut  ■  final  i«ttfem<Qi  ?f  all  oUtin»  agaiatt  tbt 
Nary  D«p&rtinent.*' 

I  Foftt«ili  Coagraif,  Sd  SaMloa  Homa  B«pcrt»  No. 


It  U  o^rtatnly  a  most  uaplcMaiit  tMk| 
ufl,  dealing  in  auch  personaliiaci ;  k«t 
have  no  alternative.  A  gre^t  « 
committee  ha^  paraded  Guy  Favkcf  I 
Congress  and  the  countrjp  and  va  «ff«1 
to  hurl  missiles  al  the  eflagj— or  Is  bnrmv 
a  fitroogcr  phraae  front  Mmeaulay«  ^*tka  tf- 
tempt  to  enshrine  tkta  c&rrioo  kaa  enopilM 
tis  to  gibbet  it," 

The  reader  of  the  EcLnrriC  viQ  an*  I 
able  to  forn^      *        inception  of  l^e  i 
of  that  inv  It  wa^  « 

reOnement  ui  nijiiHttc>e,  overaiiil  aliiifvl 
in  which  31  r.  Arrick  figured  ao  e&UttMf. 
In  that  one  Mr*  Butler  kept  ttp  the  tmvnH 
form  of  an  in  vest i eating  eomaaitiee;  hoi  tM 
this  31  r.  Wiard  ^led  tlie  ehatr,  pnfif^ 
the  questions,  catechised  Adoairml  md* 
gren.  Gen.  Hodman,  CoL  Laidkr  a«d  iaaHi 
himself.  Tbe  aituatiMu  of  Uu  two  iotmtt 
officers  foreibly  recj  ucintniW 

Pilgriui'a  Progreaa  4.:  .^.  .. ...  >..  |Mjgr  ti 


•  Whtch  will  aoeoaat  for  th*  psrMli 
of  that  jt^araat  upoaia*  Oriut^mm 
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fill  before  Lord  Hatcgood  and  the  jury  of 
personified  vices  at  Vanity  Fair. 

**  JuDOB. — Thou  runagate,  heretic,  and 
traitor  hast  thou  heard  what  these  honest 
gentlemen  have  witnessed  against  thee  ? 

**  Faithful. — May  I  speak  a  few  words 
in  my  own  defense  ? 

*•  Judge.  —  Sirrah  sirrah  !  thou  deser- 
Test  to  live  no  longer  hut  to  he  slain  im- 
mediately upon  the  place ;  yet  that  all  men 
may  see  our  gentleness  to  thee,  let  us  hear 
what  thou,  vile  runagate,  hast  to  say.'* 

We  are  not  prepared  to  assert  positively 
that  Mr.  Wiard  drafted  the  report,  hecause 
we  have  no  direct  proof;  hut  judging  trom 
internal  evidence  we  entertain  little  douht 
of  it.  That,  however,  is  scarcely  material. 
The  report  is  all  he  could  have  wished  it  to 
be.  It  condemns  every  system  of  ordnance 
except  his — denounces  in  most  opprohrious 
terms  the  Ordnance  Department  and  its 
system  of  artillary,  and  recommends  its 
abolition,  and  the  substitution  of  a  mixed 
board  of  officers  and  civilians.  We  do  not 
see  what  he  could  have  desired  to  add,  un- 
less it  be  the  appropriation  of  a  large  sum 
of  money  for  his  own  benefit,  which  the 
eommittee  sought  to  effect  in  a  more  effica- 
cious way  by  a  separate  report. 

We  have  entered  more  deeply  into  the 
personal  details  of  this  business  than  was 
agreeable  to  us,  because  we  have  felt  that 
in  exposing  the  characters  of  these  men 
we  are  enlightening  the  mechanics  and  en- 
gineers of  the  country  as  to  the  animus  of 
ike  committee.  In  their  individual  capacity 
we  are  desirous  to  avoid  all  contact  with 
Messrs.  Arrick  and  Wiard:  they  are  for- 
midable only  through  their  connexion  with 
the  committee.  Since  the  committee  placed 
it8  high  authority  unreservedly  into  the 
hands  of  these  men,  with  no  restriction  as 
to  its  use,  and  making  it  merely  a  cover  for 
whatever  they  chose  to  say,  we  are  bound  to 
show  the  characters  of  the  men  who  were 
the  recipients  of  this  confidence.  The  real 
committee  was  Messrs.  Arrick  and  Wiard, 
and  the  lawful  committee  stepped  in  only  to 
give  the  investigations  of  these  two  men  the 
weight  and  sanctity  of  its  official  character. 

We  feel  that  it  is  not  for  us  to  assault  for- 
mally the  characters  of  Senators  and  Repre- 
sentatives further  than  to  state  facts.  The 
inferences  we  shall  leave  to  the  readers. 
Here  are  two  reports — the  first,  written  by 
Mr.  Arrick,  vituperating  the  Chief  of  Ord- 
nance for  no  alleged  and  no  conceivable 
reason  except  that  he  declined  to  make  the 


Eureka  the  standard  rifle  projectile  **to  the 
exclusion  of  every  other  known  device  as 
worse  than  worthless ;" — the  other,  written 
(in  all  human  probability)  by  Mr.  Wiard, 
vilifying  the  whole  Ordnance  Department, 
because  it  equally  rejects  his  grotesque  can* 
non.  And  yet,  after  the  form  of  an  inves- 
tigation, the  committee  adopts  them  in  all 
their  grossness  and  in  all  their  ex  pane 
character — recognizes  their  serious  con- 
sequences, as  involving  an  entire  change  of 
the  management  of  the  ordnance  service, 
and  a  substitution  of  the  material  of  these 
adventurers  for  that  already  in  vogue.  If 
it  be  said  that  the  committee  may  have  been 
deceived,  and  led  to  espouse  the  cause  of 
these  men  through  artful  misrepresentations, 
then  the  reader  may  abk  himself,  what  right 
had  they  to  be  deceived,  when  they  were  so 
explicitly  charged  by  Congress  to  ascertain 
facts  and  report  them  ?  What  right  had 
they  to  base  an  opinion  of  a  considerable 
and  honorable  body  of  officers,  upon  the  sole 
representations  of  their  bitterest  enemies  ? 
We  cannot  close  without  adverting  to  the 
recommendation  that  the  Ordnance  Corps 
be  abolished.  That  is  a  matter  for  Congress 
to  decide,  and  any  decision  which  may  be 
made  by  that  body,  after  a  full  and  impartial 
investigation,  and  when  it  is  in  a  position  to 
comprehend  and  appreciate  the  subject  in 
all  its  bearings,  will  be  most  cheerfully  ac- 
quiesced in  by  the  officers  affected  by  it. 
Probably  no  corps  of  public  officials  could 
so  well  bear  to  be  thrown  upon  their  own 
resources,  or  is  better  qualified  to  meet  the 
exigencies  of  an  entire  and  forcible  change 
of  profession.  But  an  honorable  discharge 
from  the  service  is  one  thing,  and  being 
kicked  out  for  refusing  to  facilitate  the  vari- 
ous schemes  of  plunder  set  on  foot  by  the 
Arricksand  Wiards  of  the  Washington  lobby 
is  quite  another.  The  charges  of  incom- 
petency, of  the  **lack  of  the  incentive  to 
exertion  and  improvement,  which  stimulates 
men  not  in  the  Government  employ,"  the 
'*  attchment  to  routine,"  **  jealousy  of  in- 
novation and  new  ideas,"  'discouraging 
the  inventive  talent  of  the  country,"  and 
the  **  improper  and  oppressive  treatment  of 
persons,  who  have  sought  to  call  their  at- 
tention to  what  were  supposed  to  be  vital 
principles  of  the  art "  etc.,  etc.  will  pass  for 
what  they  are  worth.  They  mean  simply 
that  the  Department  could  not  appreciate  the 
'* new  ideas,"  the  "inventive  talent,"  the 
*'  vital  principles  of  the  art,"  involved  in 
Mr.  Wiard's  ''Munchausen AjrtiUery." 
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That  a  strong  pressure  will  be  l>rought  to 
bear  upon  CoDgrcs^i,  the  coming  winter,  to 
aboliftb  the  Ordnance  DeimrltiitMit,  or  merge 
it  into  the  artillery,  we  readily  foresee.  We 
are  iiut  disposed  to  make  a^iiy  plea  for  its 
continuance,  except  on  the  ground  of  public 
expediency.  It  is  certain  that  there  must 
bo  a  class  of  offieiab,  either  military  or 
civilr  whose  Bpecial  functions  must  be  the 
administration  of  ordnance  duties  and  the 
provision  of  ordnance  material.  It  is  for 
Congress  to  judge  whether  these  functions 
will  be  best  fultiUed  by  oiviiians,  or  by  the 
military  ;  by  oibcers  specially  educated  for 
it  and  of  protracted  experience,  or  by  of* 
ficers  without  experience,  The  term  ord» 
naure  is  suggcnrive  of  guns;  hut  in  reality 
involves  a  whole  world  of  executive  details. 
It  comprises  manufacture's,  a  knowledge  of 
bus  in  ess »  of  fabrirrs,  and  of  constructiun,  far 
more  extended  than  any  mere  trade  or  class 
of  trades.  Its  officers  are  entrepreneurs  be- 
tween civilian  supply  and  military  coDsump- 
tion,  and  to  be  efficient  and  economical — to 
iusure  to  the  Government  au  equality  in'' 
bargains  and  protection  against  fraud,  to 
regulate  supply  by  the  demands  of  the  | 
service  and  to  systematize  the  means  and  ( 
methods  of  supply,  must  be  men  who  are 
thoroughly  ac([iiaintcd  with  the  mechanic 
arts,  the  trades,  the  details  of  ordinary  busi- 
ness, and  the  routine  of  military  service. 
These  duties  must  be  discharged  by  a  body 
of  specially  qualified  men  or  the  abolition 
of  the  present  Ordnance  Department  will 
merely  render  necessary  the  construction  of 
another.  It  would  be  a  change  of  persons 
and  not  of  system. 

We  are  tempted  to  make  one  remark  which 
we  hope  some  Congressman  will  see  and 
make  a  note  of.  If  the  Ordnance  Depart- 
ment is  worth  anything,  it  ought  to  have  the 
confidence  of  both  Congress  and  the  people. 
Bui  if  its  recommendations  arc  to  be  dis- 
regarded, its  aims  and  purposes  defeated,  and 
its  chief  and  his  subordinates  arraigned  and 
thrown  upon  their  defense  every  time  an  over 
sanguine  inventor  or  unprincipled  adven- 
turer chooses  to  impeach  them,  then  it  is 
high  time  to  abolish  it.  Like  every  other 
subordinate  branch  it  derives  its  efficiency 
and  capacity  for  usefulness  from  the  confi- 
dence of  the  (tovernment^ 

A  comparison  between  the  merits  of  the 
American    Ordnance   and   foreign    may  be  j 
made  briefly.     As  yet  American  Ordnance 
contains  no  esfahltshed  system  but  the  Rod- 
man Army,  and  the  Dahlgrea  Navy,  gnus. 


The  large   calibers 

The  few  rifles,  wbr- 
experiment,  have  i 
to  warrant  their  j 
the  trials,  which  hi 


ar^ 


all 

;.  »ueh 
-jiartljl 
made,  km  i 


accurately  tested   tJie  proposed  tj$um,i 

partly  because  the  trial**  >.i\  r  Krrsi 
ingly  meagre*;  ootbttig  ^xlWtk^^ 

but  mnch  is  hoped.     A^  im  ....  vtrpi 
bores,    they    have  hitherto  »ii9Uii«4 
tost,  and  no  one  of  thetn,  ta  t^  aim  I 
least,  has  ever  burst,   ejcc«|)l  ftft«f  a  p^^ 
and    sufficient  me&snrc  of  endanote 
the  Navy  we  are  unable  ti>  *p«ik. 
the  war  the  Parrot t  ri'"  t%\e 

used.     A  considerable  i^  i  tbevi 

although  the  general  perlvrinaiicv  of  1 
— ^all  things  considertrd  —was  wundnftOl 
good.  These  guas  m«y  be  eiouadawt^ikit 
good  or  bad,  according  to  the 
which  they  are  judg«?d.  If  m  per 
demanded,  a  gun  wbich  will  net 
no  matter  what  the  emliber,  or  the 
of  powder  used,  theo  the  Parrot  gw  w4 
failure.  But  if  there  be  dcniamli*tl  uj 
a  gun  as  could  he  butltal  h  praetM^lUc 
and  with  reasonable  e<y!crity.  aiiil  ia| 
would  endure,  in  nineteen  rM»m  • 
twenty,  a  liberal  &Qinunt  of 
Parrott  gun  was  emiiteiitly  a  *^c 
ring  the  late  war  there  wa^  o.i 
in  existence  to  be  coin|Kircd  with  it  "ifl 
carping  critic  chooses  to  point  toiul 
instead  of  its  good  service,  the  r<^plT  i*fi 
It  was  by  an  immettjse  ioterraj  iIm*  biit( 
of  its  class  at  that  time,  mud  it  rei 
be  seen  how  much  improreni^Bl  h$§  ' 
made,  since  1805,  ia  the 
heavy  rifled  artillery.  Th^  htH 
have  been  made  in  England  aad 
adnntted;  but  whether  thcT  ctm  he  J 
ed  in  quantity,  of  a  gujiraii'te^ed  ettdi 
and  at  a  practicable  east  ia  nol 
decided.  The  Parrott  rifte 
adopted  only  provisionally  imcil 
system  can  be  established. 

Turning  to  European  Ordiuiiire^  ir^ 
everything    in    a    tn^nAttif>ii     abiti 
oulossal  works  of  Knipp,  ml  KmmWf  I 
duced  enormous  rifiei,  which  *:r—  *• 
with  heavy  charges  about 
more  recently  the  Fraaer  gun  na> 

*  Of  the  henrj  Radmaa  ntmonlj  IJbir«#  1 
ptit  t4>  proof.     Oue  U-in.  riflv  v«§  flt^  iNt 
fore  bnrstioni  ooe  84q.  HSt  ftred  t««9AlteiPa«i^ 
8'tn.  ritSe  SQ  timu. 

t  The  eoonlry  owe*  niut'h  to  Mr.  riii»i|      Umm*-- 
Yie<>#  bare  prorcd  f»r  mor«  ?«la«li|«  tkaa 
which  Sir  W.  AtmBUoug  w%$  kni^liiMl. 
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salts,  which  are  certaiDly  proinisiDg,  having 
■DstaiBed  over  a  thousand  fires  with  charges 
of  great  strength.  But  no  European  Gov- 
ernment entertains,  as  yet,  the  least  notion 
•f  adopting  any  one  of  the  many  systems 
undergoing  tests,  until  these  tests  shall  have 
ftccumulated  so  as  to  place  the  endurance  of 
Ihe  guns  beyond  the  possibility  of  a  doubt. 
Any  other  course  would  involve  a  most  un- 
warrantable risk.  The  enormous  cost  of 
Bach  guns  would  render  their  definitive 
adoption  a  matter  of  as  much  solicitude  as  a 
eabinet  cri.sis  or  a  coup  d'etat.  In  brief  it  is 
Bafe  to  say  that  there  is  no  system  of  Ord- 
nance in  Europe,  whose  merits  are  known, 
or  which  has  been  accepted  as  a  system. 
We  have  in  this  country  the  Rodman  system 
of  smooth  bores,  which  has  been  tested 
through  all  calibers,  except  the  20  in.,  with 
results  which  have  given,  as  yet,  no  instance 
of  failure.  If  wc  are  unable  to  assert  that 
it  is  superior  to  any  other,  we  can  at  least  as- 
sert a  tolerably  accurate  knowledge  of  what 
it  is  capable,  which  is  more  than  can  be  said 
of  any  European  system.  The  Ordnance 
question  in  this  country  is  not  between  the 
Kodman  system  and  a  better  one,  but  be- 
tween the  Rodman  and  three  or  four  whose 
merits  are  not  determined.  Meantime,  as 
has  already  been  stated,  American  construc- 
tors are  confined  to  the  possibilities  of  cast- 
iron,  and  in  that  restricted  field  American 
Ordnance  is  far  beyond  the  competition  of 
any  foreign  nation.  Our  irons  are  unequal- 
led, our  workmanship  unexcelled,  our  ac- 
curacy of  detail  in  the  minutiae  of  the  process 
and  the  absolute  certainty  of  our  results,  are 
as  nearly  perfect  as  it  is  possible  to  be.  With 
the  examples  of  England  and  Prussia  before 
us,  the  Ordnance  Department  is  reluctant  to 
advise — especially  at  this  juncture  —  the 
embarking  upon  that  boundless  ocean  of  ex- 
pense, which  seems  necessary  before  it  will 
be  possible  to  arrive  at  an  experimental  de- 
termination of  the  superiority  of  wrought 
iron  and  steel  cannon  ;  and  until  those  na- 
tions exhibit  results  corresponding  in  value 
to  the  enormous  outpouring  of  money  upon 
experimental  guns  which  the  last  ten  years 
has  witnessed,  prudence  at  least  should  ad- 
monish us  to  bide  our  time.  Whatever  the 
Krupp  and  Eraser  guns  may  be,  it  is  certain 
that  they  are  not  yet  afloat,  nor  frowning 
from  casemates  :  it  is  certain  too  that  they 
will  not  menace  us,  until  their  builders 
know  what  they  are  good  for.  When  that 
eventful  time  arrives,  when  other  nations  are 
prepared  to    adopt    them    and    arm   their 


batteries,  afloat  and  ashore,  with  them, 
then,  and  not  until  then,  will  it  be  time  to 
ask  whether  the  Rodman  system  should 
be  superseded.  D. 


STEAM  POWER  METERS. 

From   "Engineering." 

There  are  probably  but  few  of  our  readers 
who,  being  employers  of  steam  power,  have 
not  at  some  time  or  another  desired  to  as- 
certain with  exactness  the  total  amount  of 
work  done  by  an  engine  in  a  given  time 
when  running  with  a  variable  load,  and  who 
have  not  been  struck  by  the  difficulty  which 
exists  in  obtaining  such  information  by  any 
ordinary  means.  So  long  as  the  work  per- 
formed by  an  engine  is  tolerably  constant, 
indicator  diagrams  taken  at  frequent  inter- 
vals, and  carefully  worked  out,  will  give  the 
desired  information  with  sufficient  accuracy 
for  most  practical  purposes  ;  but,  except 
in  the  case  of  pumping  or  blowing  engines, 
the  work  done  by  an  engine  is  seldom  really 
constant  for  more  than  a  very  few  minutes 
together,  and  the  consequence  is  that  or- 
dinary indicator  diagrams,  unless  taken  in 
rapid  succession  and  in  considerable  num- 
bers, do  not  afford  data  from  which  the  total 
power  developed  in  a  given  time  can  be  cal- 
oulated  with  any  degree  of  accuracy.  More* 
over,  the  working  out  of  a  large  number  of 
indicator  diagrams  is  a  tedious  task,  and  re- 
quires a  considerable  expenditure  of  time 
even  if  the  assistance  of  a  planimeter  is 
available,  and  it  thus  but  rarely  happens 
that  an  attempt  is  made  to  ascertain  with 
exactness  the  power  developed  by  an  engine 
doing  variable  work. 

To  facilitate  the  taking  of  a  number  of 
consecutive  indicator  diagrams,  Mr. — now 
Sir  Daniel — Gooch,  many  years  ago  employ- 
ed, on  the  Great  W^estern  Railway,  his  con- 
tinuous indicator,  in  which  the  diagrams 
were  traced  by  the  pencil  on  a  continuously 
moving  strip  of  paper  :  a  plan  which  obviat- 
ed some  of  the  difficulties  of  the  case,  but 
which  in  no  way  diminished  the  labor  re« 
quisite  to  obtain  from  the  diagrams  a  know- 
ledge of  the  power  which  the  engine  had 
been  exerting.  More  recently  also,  Mr. 
Arthur  Rigg,  of  Chester,  has  proposed  and 
used  a  form  of  continuous  indicator,  which, 
although  possessing  one  or  two  minor  ad- 
vantages over  Mr.  Gooch^s,  appears  to  us  to 
be  open  to  far  more  serious  objections  than 
the  latter.  According  to  Mr.  Rigg's  plan 
the  cylinder  of  the  indicator  is  placed  in 
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communioation  with  the  engine  cylinder  at  cally  perfeo 
brief  intervals,  the  communication  being  easily  appli 
allowed  to  remain  open  for,  say,  three  re-  the  total  w 
solutions  out  of  every  hundred  ;  while  the  engine,  ho^ 
pencil  carried  by  the  piston-rod  of  the  in-  The  onlj 
dicator  bears  against  a  strip  of  paper,  which  our  notice 
has  a  slow  motion  imparted  to  it  by  con-  much  to  be 
venient  means.  The  effect  of  this  arrange-  meter  and 
Toent  is  that  during  the  time  that  the  com-  signed  by 
munication  between  the  engine  and  indicator  Manchester 
cylinders  is  shut  off,  the  pencil  of  the  indi-  most  intere 
oator  will  trace  an  atmospheric  line  on  the  at  the  recec 
paper  ;  but  when  the  communication  is  open  Society.  I 
it  will  rise  and  fall  tracing  on  the  paper  ver-  of  the  int< 
tical  lines,  which  by  their  length  indicate  in  General] 
the  maximum  steam  pressure  and  vacuum  has  been  u£ 
in  the  cylinder.  These  data  being  register-  piston  by  tl 
ed,  it  is  intended  to  calculate  the  power  de-  result,  expi 
veloped  by  the  engine  by  working  out  in-  suitable  m< 
dicator  cards  taken  from  the  latter,  and  The  genera 
having  maximum  steam  pressures  and  va-  instrument 
cuums  equal  to  those  registered  by  the  con-  which  we 
tinuous  indicator.  This  method  is  in  any  ber,  and  w< 
case  a  very  roundabout  one  ;  but  in  instances  constructio 
where  the  boiler  pressure  is  constant,  or  action  clea 
nearly  so,  and  the  speed  of  the  engine  is  ment  will 
controlled  solely  by  the  throttle  valve,  it  aid  in  es 
may  be  possible  by  some  considerable  ex-  of  different 
penditure  of  time  and  trouble  to  obtain  by  stances,  an 
Mr.  Bigg's  plan  a  tolerable  approximation  any  unusuj 
to  the  power  developed  by  an  engine  in  a  increased  v 
given  time.  So  soon,  however,  as  we  have  to  careless 
to  deal  with  an  engine  having  varying  ex-  tendants. 
pansion,  Mr.  Rigg^s  system  becomes  useless,  of  the  stea 
as  it  is  evident  that  of  two  diagrams,  both  inspection  < 
showing  the  same  maximum  steam  pressure  drive  differ 
and  vacuum,  the  one  may,  from  an  altera-  different  li 
tion  in  the  point  of  cut-off,  correspond  to  the  variety  of 
development  of  twice  or  three  times  the  which  will 
power  shown  by  the  other.  Under  these  have  hithe 
circumstances  the  maximum  pressures  and  a  considei 
vacuums  registered  by  Mr.  Rigg's  instru-  trouble, 
mcnt  would,  of  course,  be  of  no  use  whatever.  Ashton  ar 
In  the  case  of  engines  fitted  with  Messrs.  interest,  a 
Farcy  and  Donkin's  arrangement  for  measur-  progress, 
ing  the  amount  of  heat  passing  away  in  the  know  that 
condensing  water,  the  power  developed  in  without  th 
a  given  time  can,  as  we  explained  in  a  recent  indications 
number  (vide  page  341  of  our  last  volume),  time  will 
be  ascertained  with  a  great  degree  of  ac-  fairly  tried 
curacy  soon  as  the  **  constant"  of  the  engine  let  it  be  p 
is  known — the  power  developed  and  the  Storey's  st< 
quantity  of  heat  passing  away  being  sensi-  upon  to  re 
bly  proportionate  to  each  other.  But  even  done  by  a 
with  Messrs.  Farey  and  Doukin's  system  and  those  c 
some  calculation  is  requisite,  and  although  clined  top 
as  an  accurate  test  of  the  performance  of  of  useful  i 
Steam  engines  it  may  be  considered  practi- 1  to  come. 
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DESI6N0LLFS  NEW  POWDER 

By  A.  Patkn. 

Wmm  '^Balletin  de'U  Sooi^t^  d'Eneouragemont," 
through  Polyt.  Jonrnal. 

The  introduction  of  the  hreech-loading 
ordnance  and  arms  is  a  great  progress  in  the 
art  of  warfare.  But  it  is  not  less  important 
io  improve  the  moving  agents  and  the  mov- 
ing power  for  projectiles,  and  to  invent  new 
kindbB  of  gun-powder,  the  action  and  energy 
of  which  might  answer  the  various  wants  of 
modem  artillery.   . 

The  importance  of  this  question  was  fully 
understood  by  DesignoUe,  who,  after  incess- 
ant experimenting  for  seven  years,  seems  to 
have  arrived  at  its  practical  solution.  In 
considering  the  actual  condition  of  artillery 
it  18  evident  that  four  principal  kinds  of 
powder  are  required : 

1.  Gun-powder. 

2.  A  quick-acting  powder  for  short-bore 
cannons. 

3.  A  slow-acting  powder  for  long-bore 
cannons. 

4.  A  blasting-powder  for  torpedoes  and 
exploding  projectiles. 

The  ballistic  power  of  the  powder  used 
heretofore,  cannot  be  increased  by  altering 
the  mixing  proportions  of  its  constituents. 

The  initial  velocity  imparted  to  the  pro- 
jectiles by  the  ordinary  black  gun-powder 
has  been  somewhat  increased  by  the  im- 
provement of  the  machinery,  by  which  the 
materials  are  prepared  and  mixed  in  the 
manufacture.  This  has  been  effected  espe- 
cially by  the  use  of  grinding-mills  instead 
of  stamping-mills.  But  the  explosive  or 
blasting  power,  which  is  injurious  to  fire- 
anus,  has  been  increased  by  this  change 
much  more  than  the  shooting-power. 

The  principal  advantage  of  DesignoUe's 
system  of  powder-manufacture  consists  in 
the  possibility  of  producing  a  whole  range 
of  different  kinds  of  powder,  varying  in 
strength,  and  designated  by  different  num- 
bers, from  1  to  10,  according  to  their 
strength.  Also  two  entirely  different  class- 
es of  powder  can  be  made  by  this  system,  a 
blasting-powder,  the  strongest  kind  of  which 
is  ten  times  more  powerful  than  an  equal 
weight  of  the  powder  now  in  use,  and  a  gun- 
powder whose  shooting-power  is  equal  to 
that  of  the  ordinary  black  powder,  its  ex- 
plosive and  destructive  effect  being  however 
considerably  less  than  that  of  the  latter. 

As  either  of  these  two  classes  contains 
ten  numbers,  differing  in  strength,  it  is  evi- 

Vol.  I— No.  12.— 70. 


dent  that  the  system  can  answer  any  requi- 
sition. 

DesignoUe  has  solved  the  problem  of 
manufacturing  a  powder,  the  different  kinds  of 
which  are  suitable  for  different  lengths  and 
diameters  of  the  bore  of  fire-arms  and  for 
different  weights  of  the  projectiles,  and  im- 
parting to  the  projectiles  an  initial  velocity 
as  desired  and  as  determined  beforehand. 
'  One  principal  constituent  of  DesignoUe 's 
powder  is  picrate  of  potassium.  The  blast- 
ing-powder contains  besides  this  only  nitrate 
of  potassium.  The  gun-powder  is  a  mix- 
ture of  picrate  of  potassium,  nitrate  of  po- 
tassium and  charcoal.  These  substances 
are  mixed  in  different  proportions,  accord- 
ing to  the  strength  required. 

Picrate  of  potassium  is  composed  of  pic- 
ric acid  and  potassa.  Picric  acid  is  a  sub- 
stance which  was  first  discovered  by  Hauss- 
mann,  in  1788.  Welter  afterwards  ob- 
tained it  by  treating  silk  with  nitric  acid.  A 
number* of  French  and  German  chemists 
have  made  researches  on  the  same  substance. 
But  it  was  reserved  to  Laurent  to  find  out 
its  exact  composition  and  chemical  formula, 
and  to  discover  the  most  proper  way  of 
making  it.  He  showed  that  the  picric  acid 
corresponds  in  its  composition  to  phenylic 
acid,  in  which  three  equivalents  of  hydro- 
gen are  replaced^  by  three  equivalents  of 
hyponitric  acid. 

Formula:  C"  {  (jf^  }  0 

A  Paris  gas  company  produces  on  a  large 
scale  phenylic  acid  which  is  the  principal 
raw  material  for  the  manufacture  of  picric 
acid  and  of  its  compounds. 

Picrate  of  potassium  is  a  crystalline  com- 
pound, consisting  of  small,  glossy,  yellow 
prisms  of  the  dimetric  system.  It  is  inso- 
luble in  alcohol,  very  little  soluble  in  cold 
water ;  but  it  can  be  dissolved  in  14  parts 
of  boiling  water.  When  heated  carefully 
to  300  degrees  Celsi,  it  becomes  orange.  It, 
however,  retakes  its  original  color  in  cool- 
ing. When  heated  to  310®  C.  it  explodes 
with  vehemence. 

This  substance  was  very  dear  until  lately, 
when  John  Casthellaz,  one  of  the  best 
French  manufacturers  of  chemicals,  im- 
proved its  manufacture  to  such  a  degree, 
and  produced  it  at  such  a  low  cost  that  the 
price  of  Designolle*8  new  powder  is  but 
very  little  higher  than  that  of  the  ordinary 
black  gun-powder.  To  be  able  to  determine 
the  quantity  of  saltpeter  and  charcoal  to  be 
mixed  with  the  picrate  of  potassium,  it  was 
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onlj.  If  the  statements  of  the  patentees 
may  be  fully  relied  upon,  small  (l-inch) 
copper  tubes  made  upon  this  plan  have  with- 
stood a  pressure  of  250  lbs.  per  square  inch 
without  leaking,  and  tubes  of  iron,  zino,  tin, 
&c.,  considerable  althoueh  less  pressures. 
The  joint  can  be  formed  either  inside  or  out- 
side of  the  tube,  so  as  to  present  a  flushed 
surface  on  either  side  as  required. 

Supposing  such  results  to  be  fully  estab- 
lished by  continued  practice,  it  is  a  ques- 
tion whether  surface-condenser  tubes  could 
uot  be  made  with  advantage  by  the  same 
process.  Some  of  the  larger  surface  con- 
densers, as  those  of  the  Hercules,  have  up- 
wards of  twenty  miles  of  small,  say,  three- 
quarter-inch  tubing.  The  pressure  within 
tkem,  where  the  steam  is  admitted  to  the 
outside,  does  not  probably  much  exceed  25 
lbs.  per  square  inch,  say  12^  lbs.  due  to  the 
Tacuum,  5^  lbs.  for  the  head  of  sea-water 
above  the  condenser,  and  7  lbs.  for  the  force 
required  to  pump  through  the  circulating 
water.  Should  there  be  the  least  leak  at 
any  point,  the  leakage  would  be  of  sea-wa- 
ter, charged,  of  course,  with  whatever  air 
might  be  in  mixture  with  it.  It  is  a  nice 
question,  only  to  be  settled  by  experiment, 
whether  there  would  be  any  leakage,  in  tubes 
thus  made  by  machinery,  and  subjected  to  a 

{>re.s8ure  of  25  lbs.,  and,  if  so,  whether  the 
eakage  would  be  such  as  to  materially  viti- 
ate the  vacuum.  If  a  tube  should  leak,  it 
is  not  only  a  difficult  matter  to  replace  it, 
but  it  is  even  more  difficult  to  find  it  among 
from  3,000  to  7,000  others.  So  far  as  a 
little  leakage  of  salt  water  is  concerned,  it  is 
by  no  means  objectionable  when  it  is  con- 
sidered that  a  little  salt  water  is  the  very 
thing  wanted  at  intervals  in  boilers  working 
with  surface  condensers.  If  the  salt  water 
does  not  enter  the  condenser,  it  has  now  and 
then  to  be  pumped  in  from  the  sea.  In  the 
latter  case,  however,  the  supply  is  known, 
and  under  control,  while  in  the  former  it 
may  be  anything  or  nothing. 

If  mechanically  jointed  tubes  should  be 
found  available  for  surface  condensers,  as 
possibly  they  may  be,  it  will  be  urged  that 
the  laps  of  the  joints  represent  so  much  ex- 
eesB  or  waste  of  metal,  and  that  the  rolled 
metal,  with  which  the  process  commences, 
must  cost  more  than  the  cast  metal  employ- 
ed by  the  tube  drawer.  It  will  remain  to 
be  seen  how  much  thinner  metal  may  be  em- 
ployed in  rolled  plates  than  that  to  which 
tubes  of  the  same  strength  may  be  drawn, 
and  there  is  again  to  be  considered  the 


great  economy  of  manufacture  in  the  new 
process  as  compared  with  the  slow  and 
tedious  process  of  drawing.  We  intend  to 
offer  no  opinion  upon  these  points,  but  to 
await  the  results  of  careful  experiment,  re- 
sults which  will  probably  be  soon  forthcom- 
ing. The  members  of  the  Institution  of 
Mechanical  Engineers  are  likely,  we  under- 
stand, to  have  an  opportunity  of  seeing  the 
machine  at  work  during  the  approaching 
meeting  at  Newcastle,  and  we  shall,  as  we 
have  said,  illustrate  and  describe  it  in  our 
next  number.  It  is  the  invention  of  an 
American,  and  is  being  introduced  into  Eng- 
land by  Mr.  T.  F.  Taylor,  of  No.  9  Doughty- 
street,  Mecklenburgh-square,  and  42  Kirby- 
street,  Hatton-garden. — Engineering. 


THE  HIGHWAYS  OF  NATIONS. 

From  «'  The  Engineer." 

With  the  introduction  of  steam,  and  its 
application  to  locomotives  and  marine  en- 
gines, came  the  race  between  land  and  wa- 
ter, which  should  constitute  the  principal 
routes  of  international  communication.  So 
far  as  the  actual  distance  between  any  two 
emporiums  of  traffic  and  commerce  is  con- 
cerned, the  land  has  the  advantage  of 
the  water  in  the  ratio  of  three  to  one.  In 
other  words,  a  journey  by  land  of  three  hun- 
dred miles  could  be  accomplished  by  rail  in 
the  same  time  as  one  of  a  hundred  miles  by 
water,  even  supposing  our  fastest  ocean  go- 
ing steamers  performed  the  voyage.  The 
odds  are  still  further  increased  in  favor  of 
land  journeys  if  we  take  into  consideration 
the  general  disinclination  of  passengers  to 
sea  voyages,  and  the  troubles,  delays,  and 
anxieties  that  are  the  inevitable  accompani- 
ments of  those  that  '*  go  down  to  the  sea  in 
ships."  These  objections  do  not  apply  with 
the  same  force  to  the  transport  of  merchan- 
dise, but  they  are  not  completely  invalid 
even  in  that  instance.  The  difference  be- 
tween ocean  highways  and  similar  inland 
routes  may  be  briefly  expressed  by  saying 
that  by  the  former  we  go  round  the  world, 
by  the  latter  we  go  across  it.  A  glance  at 
the  map  of  our  own  little  island  is  sufficient 
to  demonstrate  this  fact,  but  to  appreciate 
it  fully,  and  to  apply  the  simile  upon  a  scale 
of  magnitude  commensurate  with  our  title, 
we  must  lay  before  us  the  railway  maps  of 
Asia  and  America.  There  we  see  lines 
stretching  from  coast  to  coast,  traversing 
deserts,  forests,  and  prairies,  and  uniting 
opposite  Mas  by  a  medium  of  oommunica- 
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tion  not  their  own.  In  India,  the  port  of 
Beypoor,  on  the  west,  is  linked  to  that  of 
Madras,  on  the  east,  by  a  railway  which 
runs  right  across  the  southern  portion  of 
our  oriental  peninsula,  and  Bombay  and 
Calcutta,  the  city  of  palaces,  will  soon  be 
en  rapport  by  the  same  means.  But  these, 
and  other  great  national  arteries  of  com- 
merce and  civilization,  sink  into  compara- 
tive insignificance  before  the  gigantic  chain 
which  now  stretches  from  New  York  to 
San  Francisco.  If  the  status  of  our  own 
country  reached  its  climax  almost  before 
the  introduction  of  what  are  now  recognized 
as  the  pioneers  of  civilization,  what  must  be 
the  future  of  the  new  world  where  the  same 
advantages  have  throughout  the  greater  por- 
tion of  its  vast  extent  preceded  the  advent 
of  the  population  ? 

To  unite  country  to  country,  nation  to  na- 
tion, and  continent  to  continent,  by  a  more 
intimate  link  tlian  ever  previously  existed, 
is  the  mission  of  the  age ;  and  insomuch  as 
the  common  interests  of  the  last  exceed  those 
of  the  former,  so  much  the  greater  is  the 
merit  due  to  the  accomplishment  of  the 
union.  As  an  example  of  our  meaning,  the 
Mont  Cenis  tunnel  will  effect  the  union  of 
France  and  Italy,  and,  without  indulging  in 
metaphor,  undermine  the  glory  of  both 
Hannibal  and  Napoleon.  But  this  is  but  a 
link,  locally  considered,  between  two  adja- 
cent countries,  whereas  the  piercing  of  the 
Isthmus  of  Suez  accomplishes  a  more  direct 
communication  between  Asia  and  Europe 
than  the  two  continents  have  ever  previously 
enjoyed,  and  constitutes  in  every  sense  a 
highway  of  nations.  It  might  be  supposed 
that  those  ports  and  towns  forming  the  ter- 
mini of  a  route  of  this  nature  would  benefit 
more  largely  than  others  situated  more  re- 
motely from  its  vicinity.  To  some  extent 
this  supposition  is  correct,  but  not  to  the  de- 
gree usually  assumed.  It  is  impossible  at 
the  present  time  for  one  nation  to  become 
rich  at  the  expense  of  another,  or  to  benefit 
exclusively  by  the  magnitude  of  its  imports. 
The  days  of  national  monopoly  are  gone, 
never  to  return.  Increase  of  imports  signi- 
fies increase  of  exports,  and  it  is  only  now 
by  an  interchange  of  traffic  and  commercial 
relatione  that  a  country  can  hope  for  a  pros- 
perous future.  Projected,  advocated,  and 
earried  out  by  a  Frenchman,  it  would  be 
li  a  ^r  return  for  his  nation  to  reap  the 
ni  substantial  advantages  from  the  mara- 
6  canal.  May  it  be  so,  the  more  espe- 
Ij  as  we  are  perfectly  convinced  that  any 


stimulus  and  increase  that  may  be  pm\§ 
the  trade  of  our  neighbors  will  not  MaW 
nearly  equally  valuable  to   oonekcft.  ii 
the  same  time  it  is  well  not  to  be  mttmt 
fident.     Dbappointment   is   ever  ii  iJNtt 
proportion  to  expectation.     Will  tke^• 
of  our  Gallic  friends  be  fnlly  realiie4l- 
Will  the  results  equal  tbeir  anticipatiMl 
Will  the  opening  of  the  new  route  icitai 
to  the  old  *'  highways  "  tbeir  former  tnie) 
Shall   Venice    rise   to    her   pristine  gierr, 
where  she  *'  sits   entbroned  upon  her  kn- 
dred   isles  V     Shall  the    lion  of  St.  Mvk 
again  be  the  lord  of  tbe  Adriatic  ?  tad  &bli 
the  merchandise  of  India  and  Asia  be  lift* 
ed  to  the  ports  of  tbe  Mediterranean! 

In  former  times  a  sailor  who  had  doaky 
the  '>ape  was  regarded  as  a  tried  naTig»t«, 
and  considered  competent  to  give  hi  opii- 
ion  and  hold  his  own  views  with  hb  naotieil 
confreres.  The  scientific  manner  in  wki^ 
vessels  are  handled  at  tbe  present  day,  asd 
the  large  increase  of  steamers,  have  in  mm 
measure  destroyed  tbe  value  of  tbe  old  teit, 
but  still  rough  weatber  is  generally  k)ok«d 
out  for  near  that  locality.  PraetieiDy 
speaking,  the  value  of  tbe  Sues  Canal  to  tke 
sailor  is  that,  if  successful,  it  will  obriite 
the  necessity  of  the  passage  round  tbe  Cape 
of  Good  Hope,  and  reduce  tbe  lengtkoftk 
voyage  nearly  one-half.  Tbe  junction  of 
two  seas  that  is  effected  by  the  Suei  Caoal 
has  long  been  endeavored  to  be  accomplisk- 
ed  in  the  regions  of  the  new  world.  No 
loss  than  seven  different  lines  of  canal  kiTe 
been  projected  and  roughly  surveyed  in  or- 
der to  discover  a  highway  between  tbe  At- 
lantic and  Pacific  Oceans.  The  value  of 
such  a  work  did  not  escape  tbe  penetration 
of  the  great  adventurer  aud  discoverer  Her- 
nandez Cortes,  but  from  his  time  until  now, 
with  the  exception  of  a  railroad  across  tbe 
Isthmus  of  Panama,  tbe  communication  bas 
remained  in  statu  quo.  A  ship  canal  in  tbii 
situation  would  open  a  new  route  to  Ab5- 
tralia,  China,  Japan,  and  tbe  adjacent  conn- 
tries — would  do  away  with  tbe  passage  ronad 
Cape  Horn,  and  be  an  invaluable  benefit  to 
the  commerce  of  the  two  hemispheres.  M 
present  it  appears  to  be  an  impossibility  to 
construct  this  important  channel  without  tbe 
intervention  of  several  locks.  These  woold 
be  fatal  to  the  enterprise,  as  to  attenpt  to 
pass  the  traffic  of  the  world  through  a  nam- 
her  of  locks  is  an  absurdity  which  tbe  moat 
reckless  speculator  could  not  ignore.  Im- 
portant as  some  of  tbe  routes  are  to  wbieb 
we  have  briefij  alluded,  tbej  ace  nothing  tc 
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those  wkick  remain  to  be  opened  up.  China 
is  Btrll  a  country  where  the  **  iron  horse  " 
kas  never  ran.  The  boundless  plains  of 
Thibet  and  the  wilds  of  Tartary,  in  their  al< 
Most  imneasurable  expanse,  are  ignorant  of 
steam  locomotion.  The  great  Asiatic  high 
roads  hare  yet  to  be  delineated  by  lines  of 
iron ;  the  caravan  must  be  replaced  by  the 
railway  carriage,  and  the  canal  by  the  en- 
gine- _^ 

CONCRETE  BUILDING. 

Mr.  Goodwin,  builder  of  a  concrete  ware- 
hoase  in  London,  communicates  to  '*  the 
Builder,"  the  following  account  of  the  struc- 
ture and  materials :  The  concrete  is  com- 
posed of  one  part  of  best  Portland  cement 
to  seven  parts  of  material  consisting  of  clean 
Thames  gravel,  crushed  slag  and  clinkers 
from  furnuces,  crushed  bricks,  stone  chip- 
pings,  oyster-shells,  pottery,  hard  core  from 
dost-yards,  and  any  other  hard  and  incom- 
bustible material  I  could  get.  We  built 
upon  an  average  per  day  about  12  in.  all 
round  the  walls,  grouting  in  with  sand  and 
cement  at  every  fresh  layer  of  concrete.' 
Wo  also  put  in  hoop-iron  bond  at  each  floor. 
We  could  have  built  18  in.  per  day,  which 
is  the  depth  of  the  apparatus,  but  I  con- 
nidered  12  in.  quite  fast  enough  for  a  build- 
ing so  high  ;  though  at  other  smaller  jobs  I 
have  often  built  3  ft.  per  day. 

The  building  is  70  ft.  by  50  ft.,  and  60  ft. 
high.  It  consists  of  basement  and  five  floors, 
each  floor  supported  by  twelve  iron  columns. 
The  roof  is  of  concrete  3  in.  thick,  laid  be- 
tween tee-iron  3  ft.  6  in.  apart,  covered  with 
asphalte.  The  thickness  of  walls  is  to  the 
brick  rule  ;  those  70  ft.,  two  floors  27  in., 
two  floors  22  in.,  and  two  floors  18  in. ;  the 
50-ft.  walls  are,  two  floors  22  in.,  and  four 
floors  18  in.  The  cost  of  the  walls,  con- 
bidering  I  got  a  great  deal  of  the  material 
for  nothing,  was  under  £6  per  rod  ;  or,  take 
the  whole  of  the  building  as  a  cube,  the 
cost  was  about  3d.  per  foot.  It  is  very 
strongly  built,  and  as  good  as  one  of  the 
warehouse  class  can  be.  It  is  now  loaded 
with  goods,  every  floor  full,  and  has  never 
shown  the  slightest  crack  or  settlement.  It 
is  harder  than  most  kinds  of  stone  used  for 
building  purposes,  and  b  of  one  solid  mass 
from  beginning  to  end. 

As  with  Mr.  Tail's  patent  apparatus  (with 
which  it  was  built)  a  perfect  surface  is  ob- 
tained throughout,  it  requires  only  a  thin 
ooai  of  cement  and  sand  to  finish  the  walls 
perfeotly  smooth  and  true.     I  quite  agree 


with  Mr.  I*Anson  in  his  opinion  '*that  the 
success  of  such  work  depends  on  the  entire 
honesty  of  the  man  who  does  it." 

I  have  learnt  so  much  of  concrete  with 
this  and  other  contracts  I  have  taken  since, 
that  I  find  the  greatest  care  must  be  used 
in  choosing  the  material.  I  have  made 
specimens  of  all  kinds.  Many  persons,  and 
amongst  them  builders,  think  if  they  have 
gravel,  by  adding  the  cement  they  have  all 
that  is  required  to  make  concrete.  So  much 
depends  upon  the  gravel,  that  if  it  is  not  the 
right  sort  the  work  will  cost  as  much  as 
brickwork,  and  then  never  be  sound.  Every 
bit  of  loamy  matter  and  dirt  must  be  wash- 
ed out  thoroughly ;  then  you  must  replace 
with  clean  sharp  sand,  about  one-fourth. 

Tlioso  who  wish  to  build  of  concrete 
should  only  do  so  where  the  material  is  on 
the  spot  or  very  near.  Clean  river  ballast, 
with  a  good  proportion  of  sand,  is  as  good  a 
thing  as  we  can  have  for  Portland  cement 
concrete.  If  some  crushed  slag  or  furnace 
clinkers  can  be  mixed,  so  much  the  better ; 
it  is  also  lighter,  which  is  a  good  thing  in 
wall  construction.  Burnt  clay  b  also  a 
very  good  material,  provided  it  b  well  burnt. 
Great  care  should  be  taken  to  sift  with  a 
fine  sieve  all  crushed  material ;  for,  let  it  be 
what  it  may,  dust,  loamy  matter,  or  fine 
sand,  if  it  is  finer  than  the  cement  itself  it 
will  dilute  and  kill  it.  I  have  made  speci- 
mens of  concrete  with  gravel  that  have  be- 
come as  hard  as  the  best  stock  brick,  and  I 
have  made  others,  with  the  same  proportion 
of  cement,  that  you  may  crush  and  crumble 
in  your  hands. 

The  concrete  chapel  I  have  just  completed 
at  Snaresbrook,  in  Essex,  is  built  of  the 
refuse  of  the  brick-fields,  mixei  with  sharp 
sand  got  from  a  good  depth,  there  being  a 
sewer  in  course  of  construction  close  by. 
The  concrete  b  composed  of  one  part  cement 
to  seven  parts  of  material.  The  prime  cost 
of  the  walls,  including  the  working  the  ap- 
paratus, was  £7  per  rod.  Many  of  the 
statements  that  have  appeared  in  print  upon 
concrete  are  not  correct.  It  has  to  be  borne 
in  mind,  a  yard  of  concrete  mixed  dry,  when 
wetted  and  put  into  the  apparatus,  falls  con- 
siderably short  of  a  yard, — at  least  15  per 
cent.  Neither  does  the  cement  make  bulk, 
but  disappears  in  measure,  as  does  the 
water.  If  lumps  of  stone  can  be  got,  or 
brick  burrs,  or  old  bricks,  to  pack  into  the 
wall,  it  makes  better  work  and  cheaper. 
The  more  the  cement  can  be  dbplaced  the 
better  for  the  work  and  the  les6  the  cost. 


Great  ewe  sbonld  he  ink  en  the  ceraeut  ia 

not  too  fresh,  or  it  will  cause  the  work  to 
crack.  It  should  be  at  leaat  a  month  old 
before  using. 

The  concrete  villa  at  Addiscomhe-roiid, 
Croydon,  is  now  completed  and  occupied  ; 
it  gives  great  satisfaction*  and,  it  i»  &nid, 
will  be  the  only  house  the  rain  will  not 
penetrate  in  that  neighborhood.  The  lower 
floors  are  ail  of  concrete,  and  perfectly 
smooth  and  warm  ;  there  is  no  channel  for 
a  mouse  or  aoy  creeping  thing  in  that  house, 
unless  it  take  up  its  abode   with  the  family. 


THE  SIEMESS-MARTD?  PROCES& 

Abitraot  of  a  paper  rend  by  Mr.  Rtciiahii  HttWiOH, 
before  Ibo  Iron  azidSt«el  Icttitute* 

After  some  remarks  touching  the  liistory 
of  the  mode  of  manufacturing  cast  steel  by 
melting  certain  proportions  of  cast  iron  and 
wrought  iron  together,  thu  writer  proceeded 
to  observe  that  it  was  not  till  1845  that  the 
process  assumed  a  practicable  shape*  In 
that  year  Mr.  Hcuth  obtained  a  patent,  the 
BpeciScation  of  which  clearly  describes  how 
such  a  process  may  be  carried  out  in  the 
hearth  of  a  reverberatory  furnace.  We 
have  no  record  that  his  experiments  led  to 
commercial  success ;  probably  there  were 
difficulties  in  the  way.  At  a  later  date  other 
workers  came  into  the  field,  and  in  the  hands 
of  Mr.  Attwood  the  manufacture  has  reach* 
ed  a  fair  degree  of  certainty  and  excellence, 
to  which  the  use  of  Siemens 's  funiace  has 
doubtless  in  a  great  degree  contributed. 
Meanwhile,  in  France,  the  Messrs.  Martin 
were  prosecuting  experiments  in  the  same 
direction  and  on  the  same  principle  as  de* 
scribed  by  Heath,  and  were  successful. 
Their  method  of  proceeding,  however,  io- 
troduced  some  new  features,  especially  the 
use  of  oxides.  The  staple  trade  of  their 
establishment  at  Sireuil  is  the  manufacture 
of  gun  harreU,  which  they  turn  out  of  ex- 
cellent i|uality  from  pig  iron  and  puddled 
ball,  which  arc  both  the  produce  of  a  pure 
African  ore.  The  process  may  be  simply 
described  as  follows  :  The  pig  iron  is  tirsjl 
melted  on  the  hearth  of  a  Siemens  furnace, 
in  weight  from  J  ton  to  1  ton.  The  puddled 
ball  (previously  heated)  ia  then  added  in 
quantities  weighing  about  1  cwt.  at  a  time, 
with  occasion al  small  doses  of  oxide  of  iron 
of  pure  quality.  By  these  means  the  carbon 
in  the  bath  becomes  gradually  reduced  to  a 
low  percentage,  and  the  metal  approaches 
to  the  state  of  wrought  Iron.     A  portion  of 


the  carbon  is  tbe«  restored  bj  tlit 

of  spiegelei^eo,  so  as  ta  give  Ulk  iUiltk 

requisite  temper,  Mi4  tlic  proecci  b  f 


and  the  whole  ia  tapped  o9  mtm  i&fal  mA 
The  ingots  are  ««b#e<|iaeftlly  bMatwa 
rolled,  and  forged  into  gm  lnArfek.   Tk, 

time  occupied  from  cbiir^ili^  tkt 
tapping  out  is  about  11  hours,  aftd  tWi 
aire  propjrtion  of  eaal  and  «ro«|rteifOi 
be  about  2  uf  the  former  to  8  o?  tke  I 
with  usually  2  or  3  per  cent  cif  oxideL 
the  Newport  Works  the  experl»eiia  i ' 
have  been  made  are  Tery  i»i 
next  portion  of  the  pii|n.*r  w%» 
detailed   deseripttun  of  the  apparalM,  i 
then  went  on  :     I'he  nkiicMiAlr  iiif  the  | 
next  comes  under   t)otie«t,    the  itate  of  ( 
bath  being  judged  of  %t  difieretit  pmoAil 
means  of  testes  which  are  frotii  ueivitMi 
tAken  out.     After  the  pig  iroci  b  i»altMl«l4i 
first  action  which  tnkea  pla«e  b  tbt 
tion  of  the  siltcoQ.      The  fraeiiiro  uftWl 
is  then  white,  like  refined  inik* 
wrought  iron  is  added,  it  beeovma 
less  malleable^  and   the   frmcture 
^ull,  gray   color,  gelling  gra^lu^Ily 
and  mure  compact  in  i^rniii,  untU 
the  stage  of  true  ste«L      At  ihk 
process  might    be    atopped,    and 
^to^iped,  with  gcNid  resului  ;  but  it 
ways  safe  todothisio  pmcli«e.     Tl 
plan  is  to  proceed  iinttl   the  le^tt 


^i  -  • 


m 

at  >-^ 

^,-icni 


bend  and  tear,  and 
quisite  hardness  by  a 
1  cwt.  to  the  tfrn  b* 
quantity,  with  braiin 
cent  of  carbon.     The  ex  i 
has  shown  that  little   ini 
gained  by  deviating  from  the  prartie 
ed  by  Messrs*  Martiti  theua^rcn, . 
also  decided  another  quesitioa,  fix: 
process  oflfers  little  or  no  chaoee  ftir  1 
ploymont   of  low-priced   iron.      As  • 
the  present  brands  produ  >i«ii 

and  it  is  much  to  be  n  ^  that 

land  iron,  except  in  the  ^k^ic  iti  ?«• 
fully  puddled  bar,  iteuins  (o    bo  qitti 
missible.     The    authur    apokii  fat 
the    economy    of  the    prooe«i    flsdi 
possibility  of  its  standing  the  aev 
petition  in  England  ;  and  went  oa  i 
two  points  of  interest  contingent  la  lhe| 
cess.     In  the  first  place,  he  said  it  I 
found  that  when  the  l>ath  had  arrive 
soft  stage,  there  was  cotv 
allowing  it  to  remain  an  imkI  [ 

before  adding  tli  n._     Ai  leof  J 

there  was  a  sui  at  of  earJiOB  ii 
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both,  it  acted  as  a  protection  to  the  iron 
agaiost  oxidation  ;  hut  when  it  was  all,  or 
Bearlj  all  hurnt  away,  the  iron  itself  began 
to  bam,  as  might  be  seen  by  the  crystallized 
appearance  of  the  fracture.  It  was  a  ques- 
tioii,  however,  whether  it  was  the  free 
oxygen  of  the  flame  alone  which  produced 
this  result.  Professor  Graham  had  shown 
that  carbonic  oxide  penetrated  iron  with 
extreme  facility ;  and  specimens  were  shown 
whieh  had  been  subjected  to  the  action  of 
carbonic  oxide  under  a  variety  of  conditions. 
They  all  preserted  the  same  appearance  of 
deteriorated  structure ;  and  were  all  exces- 
sively brittle.  Neither  carbonic  acid  nor 
atmospheric  air  under  similar  conditions 
seemed  to  have  the  same  effect ;  and  it 
might  be  fairly  assumed  that  this  question 
required  further  examination.  The  other 
point  to  which  he  referred  was  a  peculiar 
property  of  homogeneous  iron  or  mild  steel, 
which  was  early  observed  in  the  course  of 
the  experiments  at  Newport.  When  ordin- 
ary steel  was  chilled  in  cold  water  at  a  red 
heat,  it  hardened  more  or  less  according  to 
the  percentage  of  carbon  it  contained. 
When  the  carbon  was  reduced  below  a  cer- 
tain amount — about  6  per  cent — it  then 
obeyed  the  same  law  as  copper.  The  metal 
when  chilled  became  soft  to. the  file ;  but,  at 
the  same  time,  more  compact,  tougher,  and 
stronger.  Specimens  were  exhibited  to 
illustrate  this  fact;  and  the  question  was 
glanced  at  as  to  the  probability  of  hereafter 
turning  this  property  to  useful  account.  The 
writer  concluded  by  stating  that  much  re- 
mained to  be  done  in  the  metallurgy  of  iron 
and  steel  ;  and  ventured  the  prediction  that 
steel  ingots  for  rails  would  yet  be  made  at  a 
price  but  little  exceeding  that  of  puddled 
bar,  although  he  acknowledged  that  who- 
ever undertook  to  do  it  would  have  to  bring 
to  the  task  a  large  stock  of  patience,  per- 
severance and  capital. 


THE  Strength  t.f  Boilers. — It  has  been 
found,  by  actual  experiment,  that  good 
forged  iron  will  bear  a  strain  of  from  25  to 
30  tons  to  the  square  inch  of  section.  That 
is,  a  bar  one  inch  square,  or  a  plate  of  iron 
containing  one  inch  of  sectional  area,  will 
require  a  force  of  from  50,000  to  60,000  lbs. 
to  wrench  it  asunder.  Some  years  ago,  a 
committee  of  the  Franklin  Institute  of 
Philadelphia  very  thoroughly  investigated 
this  question  of  the  strength  of  boil  rs, 
and  it  was  found  that  the  tenacity  of 
boiler-plate    increased    with   the   tempera 


ture  up  to  550°  ;  at  which  point  the  tenacity 
began  to  diminbh.  At  32^,  the  cohesive 
force  of  a  square  inch  of  section  was  56,- 

000  lbs. ;  at  570*',  it  was  66,500  lbs. ;  at 
720%  55,000  lbs. ;  at  1,050^,  32,000  lbs. ;  at 
1,240%  22,000  lbs. ;  and  at  1,317%  9,000  lbs. 

Strips  of  iron  cut  in  the  direction  of  the 
fiber  were  found  to  be  about  6  per  cent 
stronger  than  when  cut  across  the  grain. 
Repeated  filing  and  welding  was  found  to 
increase  the  tenacity  of  the  iron,  but  the 
result  of  welding  together  different  kinds  of 
iron  was  not  found  to  be  favorable.  The 
accidental  overheating  of  a  boiler  was  found 
to  reduce  the  ultimate  or  maximum  strength 
of  the  plates  from  65,000  lbs.  to  45,000  lbs. 
per  square  inch  of  section,  and  riveting  the 
plates  was  found  to  occasion  a  diminution  in 
their  strength  of  one-third.  The  results  of 
M.  William  Fairbairn*s  experiments  differed 
somewhat  from  the  above.  He  found  that 
boiler-plate  bore  a  tensile  strain  of  23  tons 
per  square  inch  of  section  before  rupture ; 
which  was  reduced  to  16  tons  when  joined 
together  by  a  double  row  of  rivets,  and  13 
tons,  or  about  30,000  lbs-,  when  joined  by  a 
single  row  of  rivets  (2,240  lbs.,  are  allowed 
here  for  a  ton). 

Mr.  Fairbairn  says  that  *' plates  when 
riveted  together  are  reduced  in  strength  from 
the  fact  that  nearly  one-third  of  the  material 
is  punched  out  for  the  reception  of  the 
rivets,"  and  therefore  he  takes  34,000  lbs. 
as  equal  to  the  strength  of  riveted  plates 
containing  one  inch  of  sectional  area. 

In  casting  up  the  bursting  pressure  of 
boilers,  it  is  necessary  that  some  number 
representing  the  tenacity  of  plates  one  inch 
thick  bo  decided  upon.  Some  engineers  in 
their  calculations  estimate  it  at  34,000  lbs. 
while  others  place  it  as  low  as  25,000  and 
30,000  lbs.  These  figures  suppose  the  iron 
to  be  of  the  best  quality,  and  the  following 
rules  suppose  the  workmanship  of  the  boilers 
to  be  first-class  in  every  particular.  No 
rules  can  be  given  for  poor  materials,  nor  for 
poor  workmanship.  By  a  sectional  inch  or 
an  inch  of  sectional  area  is  understood  a 
sufficient  surface  of  boiler-plate  of  any  thick- 
ness under  1  inch  to  make  a  thickness  of  1 
inch ;  or,  in  other  words,  suppose  a  boiler 
to  be  constructed  of  ^in.  iron,  and  from  its 
end  we  cut  off  a  section  or  hoop  1  in.  long, 
two  such  sections  would  be  equivalent  in 
quantity  of  iron  to  one  hoop  1  in.  thick, 
for  the  two  being  each  ^-in.  thick  would  to- 
gether  be  1  in.  thick.     If  the  boiler  was 

1  constructed  of  f-in.  iron,  it  would  require 
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four  such  sections  to  make  one  an  inch  thick. 
If  constructed  of  |-in.  iron,  2.66  would  be 
required,  and  so  on  for  any  thickness  of 
plate.  In  testing  the  strength  of  iron,  bars 
1  in.  square  are  used ;  hence,  in  estimating 
pressure  on  boiler-plates,  sufficient  surface 
must  be  taken  for  each  thickness  to  equal  in 
quantity  a  bar  of  iron  1  in.  square.  If  we 
assume  that  single-riveted  boilers  will  sus- 
tain a  tensile  strain  of  34,000  lbs.  per  square 
inch  of  section  before  rupture,  the  strain  on 
each  superficial  inch  on  a  plate  f-in.  thick 
would  be  g  of  34,000,  and  for  ^-in.  plate  ^ 
of  34,000,  etc.— The  Locomotive. 


BETTER  IRON  RAILS. 

We  promised  in  a  previous  number  some 
facts  about  the  superior  durability  and  econ- 
omy of  thoroughly  worked  iron  in  rails,  and 
the  practicability  of  obtaining  good  rails  at 
a  reasonable  cost.  The  case  of  the  Heading 
railway,  to  which  we  intended  to  refer,  and 
the  whole  issue  between  railway  managers 
and  rail  makers,  is  thus  stated  in  the  New 
York  "Times." 

Whenever  a  broken  rail  throws  off  a  train 
or  the  enormous  cost  of  maintaining  perma- 
nent way  is  under  discussion,  there  is  a  gen- 
eral outcry  against  the  poor  iron  of  modem 
production,  and  a  longing  for  the  skill,  sci- 
ence and  honesty  among  manufacturers  that 
used  to  make  rails  last  twenty  years.  Noth- 
ing can  be  more  touching  than  the  pious 
regrets  of  a  railway  manager,  standing  among 
the  debris  of  rails,  axles  and  machinery  worn 
out  in  the  flower  of  their  youth,  at  the  de- 
generacy of  the  metallurgical  skill  and  con- 
science of  the  period.  In  order  that  the 
public  may  understand  how  far  their  risks  of 
life  and  loss  of  dividends  are  due  primarily 
to  this  cause,  we  invite  their  attention  to  the 
following  facts  and  considerations. 

The  general  rule  in  this  country  (to  which 
there  are  indeed  exceptions)  in  regard  to  the 
purchase  of  railway  materials  is  simply  this  : 
buy  the  cheapest.  First  cost  is  the  controll- 
ing and  often  the  only  question  entertained. 
The  nature  of  the  materials  and  processes  to 
be  used  in  the  manufacture  of  rails,  for  in- 
stance, are  not  mentioned.  The  buyers  for 
some  of  our  roads,  especially  new  roads, 
never  make  the  slightest  allusion  to  quality, 
and  never  specify  tests  and  inspections,  but 
simply  go  about  among  the  mills,  comparing 
and  beating  down  prices,  and  accepting  the 
very  lowest.  More  than  one  of  our  rail 
makers  are  to-day  rolling,  under   protest. 


rails  upon  which  the j  decline  to  pil  ioi 
trade-mark — trails  made  from  tke  Terj^a^ 
est  materials,  in  the  very  meanest  ■■!!■ 
for  all  that  is  required  is  that  thej  M 
stick  together  till  they  are  laid.  AiWi 
American  makers  will  not  roll  them,  ¥di 
makers  will.  The  late  report  of  the  Sun 
Engineer  of  New  York  says:  ^Awfiai 
railway  managers,  instead  of  offerii^  i^ 
thing  like  a  reasonable  priee  for  good  in 
rails,  have  made  themselTes  notoriosshji 
tablishing  as  standard,  a  brand  of  ni 
known  all  over  the  world  as  ^ABCfia 
rails,'  which  are  confessedly  bought  and  MJ 
as  the  weakest,  most  impure,  least  vwka 
least  durable  and  cheapest  rails  that  €ti  I 
produced."  The  State  Engineer  releti 
confirmation  of  this  opinion  to  the  stateac 
of  Mr.  A.  S.  Hewitt,  United  Sutes  C« 
missioner  to  the  Paris  Exposition,  a  stai 
ment  not  yet  controverted  ;  and  to  a  itai 
ment  of  Mr.  Sandberg,  an  English  engiM 
of  note,  in  the  London  Times.  A  Indi 
American  railway  president  and  refora 
has  publicly  said :  *^  There  is  a  fear  on  i 
part  that  railway  companies  will  theaseli 
tempt  steel-makers  to  send  a  poor  artick 
buying  the  cheapest — first  cost  only  coii« 
ered — as  they  did  with  the  irtm^mmsteru^ 

There  is  also  a  class  of  railway  bsbs^ 
who  pretend,  and  possibly  believe,  that  Ui 
cannot  get  good  iron  rails — that  the  exist! 
processes  for  cheapening  iron  in  all  stages 
its  manu^ture  render  it  impracticable 
produce  the  uniform  and  excellent  mater 
formerly  made.  Now,  while  it  is  true  tl 
much  poor  iron  is  called  for  and  sold,  it 
notorious  that  a  better  knowledge  of  chc 
istry  and  the  modern  improvements  in  i 
chinery  enable  iron-masters  to  produce 
mure  excellent  and  uniform  material  tl 
ever  before,  as  well  as  to  reduce  its  co^t. 

These  general  facts  are  well  enough  kno 
to  those  who  have  taken  the  trouble  to 
quire.  But  we  are  not  confined  to  geiK* 
facts.  There  are  particular  cases  that  ca 
the  whole  issue.  The  one  we  ^hall  oiest 
now  is,  fortunately,  of  such  a  character  tJ 
no  private  interest  can  afiect  the  8tat«Di< 
or  be  affected  by  it.  Early  in  1808,  i 
Heading  Railway  Company  commenced  n 
ing  their  own  rails  by  an  improved  metb 
and  some  of  them  have  already  been  do 
long  enough,  imder  the  immense  coal  in 
of  that  road,  to  vindicate  this  policy.  1 
instance,  out  of  9,000  tons  of  home-nu 
rails,  which  had  carried  a  certain  traffic  d 
ing  the  last  nine  months  of  1868,  only  i 
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B,  or  one  in.  1,800  tons,  had  worn  out. 
During  the  same  time,  and  under  the  same 
tmffie,  out  of  2,00Q  tons  of  rails  made  by 
the  old  prooess  at  an  outside  mill  of  good 
lepate,  about  200  tons,  or  one  in  ten,  had 
bc^  worn  out  and  removed,  and  the  indica- 
tions are  that  the  remaining  1,800  tons  will 
be  unfit  for  use  at  the  end  of  this  year.  At 
a  point  in  the  road  near  Reading,  where 
•hefting  from  connecting  lines  is  added  to 
the  regular  tonnage,  the  life  of  rails  made 
by  the  various  old  processes  is  from  three  to 
§iar  mouths.  Some  rails  only  last  six  weeks. 
At  this  point  the  rails  made  by  the  new  pro- 
cess have  already  been  down  sixteen  months 
end  are  still  sound,  although  much  worn. 
The  trouble  with  ordinary  iron  rails,  as  we 
beve  explained  on  another  occasion,  is  that 
they  go  to  pieces  before  they  get  a  chance 
to  '*  wear  "  out. 

The  best  iron  rails  cost  perhaps  twelve  to 
fifteen  dollars  per  ton  more  than  the  poorest, 
bat  if  they  last  twice  or  thrice  as  long,  no 
railroad  manager  will  pretend  to  doubt  their 
economy.  The  trouble  is,  that  some  rail- 
road managers,  and  especially  the  builders 
of  new  roads,  never  consider  the  question  of 
durability.  Nor  is  there  any  secret  or  diffi- 
culty in  the  manufacture  of  good  iron  rails. 
One  process,  which  makers  are  sometimes 
forced  into  by  low  prices,  is  to  cut  up  old 
rails,  pile  them  together  and  roll  them  into 
slabs  to  form  the  head  of  a  new  rail.  The 
remainder  of  the  pile  from  which  the  new 
rail  is  rolled,  is  simply  old  rails  cut  up  and 
laid  together.  Not  a  particle  of  new  iron, 
which  would  greatly  help  the  welding,  is 
added,  for  that  costs  some  six  or  seven  dol- 
lars per  ton  more  than  old  rails;  and  not 
half  work  enough  is  done  on  the  loose  bun- 
dle of  iron  forming  the  rail  pile  to  compact 
it.  Nothing  is  more  certain  than  that  such 
rails  will  go  to  pieces  in  the  welds  after  short 
service.  The  method  adopted  by  Mr.  Coxe, 
of  the  Reading  Railway  Company's  mill — 
and  the  same  or  a  better  one  would  be  gladly 
adopted  by  private  makers  if  companies 
would  pay  for  it — is  as  follows :  Some  70 
per  cent  of  old  rails  and  30  per  cent  of  new 
iron  (puddle-bar)  are  laid  into  a  pile  and 
rolled  into  slabs  an  inch  thick.  Nine  thick- 
nesses of  these  slabs  are  again  piled,  reheated 
and  rolled  into  a  headpiece  two  inches  thick, 
which  forms  the  top  of  the  rail  pile.  The 
remainder  of  the  pile  is  made  up  of  seven 
thicknesses  of  the  slabs  before  mentioned, 
the  whole  being  heated  and  rolled  into  a 


rail.*  In  this  way  the  body  of  the  rail  is 
twice  compacted  by  heat  and  pressure,  and 
the  head,  that  receives  the  direct  action  of 
the  car-wheels,  is  three  times  subjected  to 
this  condensing  operation. 

A  rail  thus  made,  instead  of  being  a  bun- 
dle of  heterogeneous  laminae  stuck  together 
by  cinder,  and  ready  to  split  apart  under  the 
hammering  of  wheels,  is  a  dense,  compact, 
and  comparatively  homogeneous  mass,  which 
offers  resistance  not  only  to  abnormal  splin- 
tering, but  to  normal  abrasion  and  wear,  just 
in  proportion  to  the  work  put  upon  it  in  the 
rolling  mill.  It  is  the  perfect  homogeneity 
of  steel  that  enables  it  to  outlast  the  best 
iron,  even  more  remarkably  than  the  best 
iron  outlasts  the  poorest;  and  the  nearer 
iron  rails  approach  in  structure  to  steel  rails 
the  longer  will  they  last,  and  the  less  will 
they  cost  in  the  end. 

It  is  time  that  this  pitiful  talk  about  the 
impossibility  of  getting  good  rails  was 
stopped.  There  is  no  doubt  that  some  rail- 
makers  *'  scamp  "  their  work — a  peculiarity 
of  the  period  not  confined  to  rail-making — 
but  the  worst  of  them  can  and  will  make 
good  rails,  if  railway  managers  will  give 
them  a  chance  and  institute  suitable  tests 
and  inspections. 

THE  WERDER  RIFLE. 

Translftted  from  "  Polyt.  Journal,"  by  Darapskt. 

The  Bavarian  government  has  proposed 
to  the  Chamber  of  Deputies  to  adopt  the 
Werder  rifle,  together  with  the  Berdan 
cartridge,  for  use  in  the  Bavarian  army,  and 
to  order  for  the  present  100,000  of  them. 
A  Berlin  military  periodical  contains  the 
following  description  of  the  rifle  mentioned  : 
Werder's  rifle  is  a  breech-loader,  simple  in 
its  construction  and  of  small  caliber  (11  mil.). 

The  breech-mechanism  has  some  resem- 
blance to  that  invented  by  Peabody.  The 
breech-block  moves  on  an  axle  passing 
through  to  back  part  of  the  block  at  a  right 
angle  to  the  bore  of  the  gun.  When  the 
breech-block  is  turned  downwards,  the  breech 
opens,  when  turned  upwards,  it  is  closed. 
The  Werder  breech-block  has  a  forked  pro- 
jection behind  its  axle.  A  concavity  on  the 
upper  surface  of  the  block  receives  the  cart- 
ridge in  loading. 

The  extractor  has  the  shape  of  a  joint- 
lever  and  takes  hold  of  the  cartridge  from 
two  opposite  sides.  The  breech-block,  in 
being  turned  down,  sets    the   extractor    in 


•  Tho  pile  ii  rep«aUd  after  being  redaoed  to  fiX^l* 
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motion.  A  spring  brings  the  latter  back  in  the  same  ti 
ita  ordmary  position.  The  striker  is  situa-  by  its  own  i 
ted  within  the  breech-block,  and  is  retained  ridge  is  ren 
there  by  a  spiral  spring,  which  also  draws  moment,  di 
the  striker  back  after  each  discharge  of  the  shooter  t«k 
rifio,  A  feature  which  distinguishes  the  The  new  c 
Werdef  system  from  that  of  Peabody  is  on  top  of  t 
thid,  that  the  breech  closes  of  itself  when  the  the  barrel. 
rifle  is  cocked.  Before  this  is  done,  the  again,  and  i 
breech  is  kept  open  by  a  double  spring  at-  The  rifle 
tachod  to  the  above-mentioned  forked  pro-'  sure  appliei 
jeotion  at  the  back  of  the  breech-block,  arm  conneo 
During  and  after  the  discharge  of  the  rifle  be  of  any  c 
the  breech  is  kept  closed  by  a  support  on  is  then  kep 
which  a  projection  at  the  front  part  of  the  cock,  provi* 
breech-block  then  rests.  When  this  sup-  rangement 
port  h  removed  the  breech  opens  again,  opened  prei 
This  support  is  movable  round  the  same  can  be  set ; 
axle  to  which  the  trigger  is  att  iched,  its  the  followii 
motion  being  however  independent  from  1.  Pullii 
that  of  the  trigger.  The  motion  of  the  2.  Open! 
iupport  i»i  effected  by  an  arm  which  passes  a  slight  mo 
through  the  trigger-plate,  and  which  ends  in  3.  Intro 
&  fiDger  i^ituated  within  the  trigger-guard  in  4.  Cocki 
front  of  the  trigger,  but  bent  in  an  opposite  If  it  is  i 
direction.  after  the  < 

The  lock  consists  of  the  following  parts:  connected 
the  Click,  the  main-spring,  the  trigger  with  block  has  I 
the  sear,  and  the  trigger-spring.  The  cock  To  draw 
moves  within  a  slot  in  the  back  part  of  the  ;  lieved  sloin 
breech-block.  The  thumb-plate  is  on  the  !  trigger  is  ] 
right  aide  of  the  lock.  {  cartridge 

When  the  cock  is  being  made  ready  for  through  th 
shooting,  an  arm  connected  with  it  and  pro-  !  To  take 
vidcd  with  a  small  roller,  pushes  the  breech-  trigger-guj 
block  upwards,  thus  closing  the  breech.  I  chanism  is 

All  the  axles  rest  on  the  two  parallel  cover  plat^ 
cover-plates  of  the  lock.  The  whole  me-  lock  is  free 
chanism  is  contained  in  a  quadrilateral  case  other  partf 
ficrewed  on  to  the  barrel.  The  same  screw  without  th 
which  hulds  the  trigger-guard  in  place,  also  or  tool.  T 
serves  to  fasten  the  breech-mechanism  to  the  of  wood,  a 
case.  ceive  the 

Tbe  whole  mechanism,  above  described,   rifle  is  8.^  2 
works  in  the  following  manner.     When  the   length  is 
rifle  b  cocked,  the  breech  closes  of  itself.    The  rifle  it 
When   the   trigger  is  pulled,  the  cock  acts   and  with 
fin  the  striker,  and  the  latter  on  the  priniinfc.   pressed  fr* 
After  the  discharge  of  the  gun,  the  breech    [t  has  be< 
IS  opened  by  a  slight  forward  movement  of  Nuremberj 
the  index  of  the  right  hand.  By  this  move-    for  a  shot, 
tueut  the  index  leaves  the  trigger  and  touch-   drical   wit 
eg  the  finger  of  the  arm  connected  with  the   front  and  1 
support  of  the  breech-block.     The  support   It  weighs 
is  turned   off,  and   the    breech-block   sinks   ridge  is  C( 
down,  owing   to   the   action  of  the  double   a  somewha 
spring  attached  to  the  forked  back  part  of  case,  is  sol 
the  block.     Thus  the  breech  is  opened.    At  for  the  ez 
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Iward  is  placed  od  the  bottom  of  the  case, 
inside.  A  small  cap  of  brass  oontainiDg 
Ae  cap,  and  a  small  piece  of  brass  is  situa- 
ted in  the  middle  of  this  ring.  It  is  to  be 
aeen  from  this  description  that  this  cart- 
ridge is  a  combination  of  Boxer's  priming 
mrrangement  and  of  the  American  case-con- 
sftniction. 

The  Werder  rifle,  owing  to  the  simplicity 
and  ingeniousness  of  its  const rnction,  can 
he  fired  in  rapid  succession.  The  manipu- 
lations necessary  for  shooting  cannot  easily 
be  more  simplified  and  shortened  by  any 
other  mechanism  imaginable. 

Well  exercised  soldiers  have  fired  14-15 
times  per  minute,  when  they  had  to  take 
the  cartridges  from  their  pouches.  First- 
class  riflemen  at  Amberg  have  fired  18  times 
in  one  minute,  hitting  each  time  the  target, 
the  latter  being  4  ft.  wide,  9  ft.  high,  and 
placed  at  a  distance  of  200  paces.  A  con- 
siderable advantage  of  Werder's  rifle  is  the 
great  facility  with  which  the  lock  may  be 
taken  apart,  a  facility  which  every  rifle  for 
military  purposes  ought  to  possess.  The 
whole  construction  is  perfectly  solid  and 
strong,  thus  excluding  all  danger  or  mishap 
from  breakages.  These  and  other  remark- 
able qualities  of  Werder' s  rifle  and  of  the 
cartridges  used  with  it,  as  well  as  the  re- 
sults of  experiments  made  with  both,  are 
set  forth  in  the  military  periodical  of  Ber- 
lin, all  of  which  show  that  this  rifle  is  one 
of  superior  excellence.  S. 


THE  FIELD  GUN  OF  THE  FUTURE. 

From  the  **  Army  and  Narj  Qftiette." 

Have  wo  yet  got  the  gun  of  the  future — 
the  gun  that  is  to  supersede  all  other  weap- 
ons of  its  kind,  which  all  men,  be  they  Seg- 
mentites  or  Shrapnel ites,  followers  of  Boxer 
or  believers  in  Armstrong,  will  acknowledge 
to  be  perfection,  and  join  together  in  prais- 
ing ?  The  experiments  in  field  artillery  at 
Dartmoor  have  at  length  come  to  an  end, 
and  although  the  report  of  the  committee  is 
yet  unpublished,  not  a  little  information  re- 
specting the  results  of  the  various  trials  has 
foand  its  way  in  print.  That  much  has  been 
gained  by  these  many  experiments  towards 
the  solution  of  certain  broad  questions  in 
the  artillery  science,  there  can  hardly  be  a 
doubt,  but  that  the  information  will,  or  can, 
be  so  condensed  as  to  point  out  exactly 
what  is  needed  for  our  field  artillery  we  take 
leave  to  doubt.  Even  on  the  question  of 
field  artillery  equipment  for  India  it  is  diffi- 


cult to  arrive  at  anything  like  a  definite 
conclusion,  so  many  are  the  conflicting  opin- 
ions on  this  head.  During  the  recent  expe- 
riments at  Dartmoor,  about  800  rounds  were 
fired  from  their  muzzle-loading  bronze  guns 
without  drawback  or  accident  of  any  kind 
whatever.  The  opinion  of  the  committee, 
however,  seems  greatly  in  favor  of  a  bronze 
field  howitzer,  as  being  a  most  desirable 
piece  of  ordnance  for  service.  If  we  mis- 
take not,  the  Indian  artillery  had  formerly 
two  howitzers  in  every  field  battery,  and, 
although  lighter  than  those  now  recommend- 
ed, they  were  found  to  be  most  useful 
throughout  all  our  great  Eastern  campaigns. 
The  Russians  have  lately  adopted  bronze 
guns  for  their  field  artillery,  and  have  also 
introduced  a  most  formidable  field  howitzer 
of  6-inch  caliber.  The  opinion  of  many 
Indian  artillery  officers  seems  to  be  in  favor 
of  a  similar  piece  of  ordnance  being  adopted 
in  our  own  service,  the  more  so  as  it  would 
be  attended  with  very  little  expense,  there 
being  numerous  old  smooth-bore  bronze  guns 
lying  idle  at  Woolwich,  which  could  very 
easily,  and  at  a  small  cost,  be  converted 
into  field  howitzers.  Whether  any  special 
recommendation  on  this  head  will  be  made 
it  is  impossibfe  to  say,  but  public  opinion — 
that  is  artillery  public  opinion — goes  far  to 
make  ns  think  that  for  India  the  future  field 
artillery  will  consist  of  muzzle-loading  bronze 
12-pounder  guns,  each  battery  having  at- 
tached to  it  at  least  two  formidable  field 
howitzers  of  6-inoh  caliber. 

The  science  of  field  artillery,  like  that  of 
every  other  military  arm,  is  no  doubt  pro- 
gressive, and  is  now  in  a  state  of  transition. 
When  infantry  soldiers  are  armed  with  ri- 
fles that  can  hit  a  target  the  size  of  a  man 
seven  times  out  of  ten  at  1,000  yards,  and 
when  the  men  who  handle  those  arms  are 
gradually  beinff  trained  to  shoot  with  even 
greater  precision,  it  is  quite  evident  that 
field  artillery  must  improve  vastly  both  in 
the  distance  and  exactitude  with  which  it 
can  do  execution ;  otherwise  every  battery 
would  be  simply  at  the  mercy  of  the  first 
regiment  of  infantry  that  was  pleased  to 
make  a  target  of  the  artillerymen,  their 
horses  and  their  guns.  The  experiments  at 
Dartmoor  have  really  proved  the  first  preach- 
ing, so  to  speak,  of  this  new  artillery  doc- 
trine. The  British  public  are  very  proud 
of  their  artillery,  and  have  good  reason  to 
be  so.  But  the  said  public  is  very  much 
given  to  applaud  what  is,  in  these  days  at 
any  rate,  exactly  the  opposite  of  useful  in 
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artillerymen  as  gunners.  To  see  field  bat- 
teries galloping  aboutf  changing  their  front 
and  opening  fire  with  the  most  wonderful 
rapidity — limbering  and  unlimbering  their 
guns  with  a  quickness  and  a  dash  that  seems 
wonderfully  expert  to  all  unmilitary  men, 
are  what  the  spectators  delight  in  at  re 
views,  and  what  give  special  correspondents 
occasion  to  praise  greatly  that  of  which  they 
really  know  nothing.  All  this  is  pretty, 
looks  well  at  Wimbledon  or  Aldershot,  but 
it  is  not  the  real  work  of  artillery.  And 
this  is  the  Dartmoor  experiments,  and  more 
especially  the  report  that  will  follow  these 
experiments,  must  go  far  to  dispel.  Artil- 
lery ought  certainly  to  be  brought  quickly 
into  action,  but  once  in  action  they  ought  to 
be  in  no  hurry,  and  should  remember  that 
one  round  well  placed  is  worth  more  than  a 
dozen  that  have  been  fired  at  random.  In 
a  word,  to  use  effectively  field  artillery  the 
greatest  calmness  and  precision  is  requisite. 
The  first  duty  of  the  officer  commanding  a 
battery  brought  into  action,  is  to  ascertain 
his  exact  distance  from  the  enemy.  At 
Dartmoor  many  experiments  as  to  the  best 
means  of  working  out  this  problem  were 
made,  but  without  any  definite  conclusion 
being  arrived  at.  Some  officers  are  in  favor 
of  telescopes  being  attached  to  the  guns, 
others  against  the  system  ;  but  there  appears 
to  be  but  one  opinion  respecting  the  neces- 
sity of  instructing  the  gunners  far  more  ex- 
actly than  hitherto  in  the  science — for  it  is 
a  science  —of  judging  distances  correctly. — 
In  a  word,  the  Dartmoor  experiments  have 
proved  that  our  field  artillery  must  be  ex- 
act, and  that  less  care  may  be  given  to  en- 
sure dash,  if  more  is  given  to  create  preci- 
sion. They  have  also  shown  that  we  want 
a  heavier  field  ^un  and  more  field  howitzers 
than  at  present.  In  these  days  a  campaign 
is  finished  in  a  week,  and  the  times  when  a 
general  could  afford  to  halt  for  two  or  three 
days  in  order  that  his  siege  artillery  might 
reach  him,  are  gone  forever.  That,  as  yet, 
we  have  not  the  field  gun  required  for  ser- 
vice in  these  days  of  breech-loader  rifles  is 
very  certain,  and  that  we  cannot  afford  to 
throw  away  the  various  guns  we  have  made 
during  the  last  ten  years,  is  equally  sure. — 
The  Dartmoor  experiments  have  at  any  rate 
taught  us  in  what  we  are  chiefly  wanting  in 
field  artillery,  and  to  learn  this  is  something. 
But  thoy  have  also  shown  very  plainly  that 
more  deliberation,  more  experiments,  and  a 
considerable  amount  of  patience  are  requi- 
site before    we  can  congratulate  ourselves 


upon  having  found  oat  the  gun  of  the  fmic, 
about  which,  before  we  begin  to  mib  it, 
let  there,  in  the  name  of  economj,  k  u 
doubt  whatever.  We  have  fallen  int«  Mt  i 
few  ordnance  pitfalls  ;  let  us  beware  kttn 
tumble  into  any  more. 


HYDROSTATIC  STEERING  APPARATR 

From  the  ««  Mechaaiet'  MftgasiM." 

In  designing  the  hydrostatic  steering  i^ 
paratus  of  H.M.S.  Achilles,  Admiral  Ii^ 
field  has  taken  advantage  of  that  gnit 
natural  power  which  every  floating  leael 
carries  with  it,  viz.  :  the  hydrostatic  presme 
of  the  water  which  sostains  it.  He  tkv  kv 
at  his  command  an  agent  ready  to  be  bnw|kt 
into  action  at  a  moment's  notice.  la  sidi 
a  vessel  as  H.M.S.  Achilles,  the  presiic 
of  the  external  water  amounts  to  a  lotd  of 
about  8  lbs.  per  square  inch  at  the  letd  rf 
the  working  cylinder,  vis. :  on  the  ioor  of 
the  screw  alley  or  the  tunnel  throogfa  whidi 
the  screw  shaft  is  conducted  to  the  sten  d 
the  vessel.  To  move  such  a  mass  u  tbe 
rudder  of  the  Achilles  against  the  resistaoee 
of  the  water  when  the  vessel  is  going  at  14 
knots  per  hour  requires  very  eonsidenUe 
power,  and  the  problem  to  be  solved  wu 
how  to  utilize  the  constant  pressure  of  $  Ib^ 
per  square  inch,  magnifying  it  so  as  to  ob- 
tain sufficient  force  to  overcome  the  resist- 
ance of  the  rudder.  We  will  describe  tke 
manner  in  which  this  is  effected  bj  tb« 
Admiral,  remarking  that  similar  mackioerj 
may  be  adapted  to  any  vessel. 

A  large  cylinder,  fitted  with  a  piston  &nd 
slide  valve  like  that  of  a  steam  engine,  is 
fixed  horizontally  in  the  lowest  availible 
part  of  the  vessel.  The  external  water  b 
admitted  to  this  cylinder  through  a  King- 
ston valve  guarded  by  a  sluice  valre.  A 
powerful  water  engine  is  thus  formed,  ready 
to  be  set  in  action  as  occasion  may  require. 
Special  arrangements  for  working  the  slide 
valve  with  unfailing  certainty  have  been 
applied.  A  barrel  is  fixed  at  each  end  of 
the  cylinder,  and  the  piston  rod  extondinf 
on  either  side  of  the  piston  works  in  tbe«e 
barrels,  which  thus  form  powerful  hydnuHe 
pumps.  These  pumps  are  connected  br 
pipes  with  two  hydraulic  cylinders  6xed  ooe 
on  either  side  of  the  tiller  on  the  lower  deek. 
The  rams  of  these  cylinders  are  coniiecieJ 
together  by  a  crosshcad  carrying  a  stroni 
steel  pin  entering  a  block,  which  slides  in  a 
groove  attached  to  the  under  side  of  the  til- 
ler.   Thus  the  tiller  can  traverse  its  fall  sre 
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in  either  direction,  while  the  rams  move 
reotilinearly  to  and  fro.  The  water  in  its 
course  from  the  hydraulic  pumps  to  the  til- 
ler cylinders  passes  through  a  valve  box 
fitted  with  a  regulating  or  directing  slide. 
This  slide  is  worked  by  a  rod  extending 
upwards  to  the  wheel  house  on  deck,  and 
passing  downwards  to  wheels  on  the  lower 
decks,  one  of  which  may  be  on  the  screw 
alley  far  below  the  water  line.  The  wheels 
are  worked  by  hand  like  an  ordinary  steer- 
mg  wheel,  one  man  moving  them  with  ease. 
"Vnien  the  wheel  is  in  its  middle  position 
the  water  is  cut  off  from  the  pumps,  but  the 
two  tiller  cylinders  communicate  freely ; 
thus  the  rudder  is  left  free  to  right  itself. 
By  turning  the  wheel  through  one-third  of 
»  revolution  either  way,  the  water  pressure 
ia  turned  on  to  one  or  other  of  the  tiller 
ejlinders,  and  the  rudder  is  put  hard  over 
to  port  or  starboard  as  may  be  required. 
When  the  wheel  is  turned  only  half  its 
atroke  in  either  direction,  the  water  is 
locked  in  the  tiller  cylinders,  and  thus  the 
rudder  is  held  fast  in  the  position  to  which 
it  had  been  brought. 

It  will  thus  be  seen  that  one  man  at  either 
of  the  steering  wheels  does  what  it  requires 
generally  twenty-five  men  to  do  at  the  ordi- 
nary steering  wheel.  By  means  of  the  slid- 
ing block,  acted  on  by  a  hand  screw  on  the 
tiller,  the  hydraulic  apparatus  can  be  dis- 
connected in  less  than  a  minute,  and  the 
tiller  can  thus  be  left  free  to  be  worked  in 
the  ordinary  way ;  but  this  is  not  necessary, 
for  by  puttmg  the  directing  slide  in  its  mid- 
dle position  the  tiller  is  left  quite  free,  and 
can  be  worked  by  the  ordinary  steering 
wheels  and  tackle,  which  need  never  be  dis- 
connected. Thus  the  hydraulic  steering 
gear  may  either  act  independently,  or  it 
may  be  employed  as  a  force  auxiliary  to  the 
men  without  in  any  way  interfering  with  the 
normal  condition  of  the  steering  apparatus. 
It  may  be  readily  understood  from  the  con- 
struction that  the  working  power  acts  only 
when  it  is  wanted.  When  the  rudder  has 
to  be  moved,  the  hydrostatic  cylinder  or 
water  engine  acts.  When  the  rudder  is  fixed 
in  any  position  the  water  engine  ceases  to 
move,  but  remains  ready  to  start  into  action 
the  moment  it  is  required  with  its  full  force. 
Our  readers  will  now  understand  the  gene- 
ral construction  of  the  apparatus  which  has 
been  found  so  successful  in  H.M.S.  Achilles. 
We  need  scarcely  say  that  there  were  nu- 
merous details  of  construction  which  re- 
quired great  consideration  in  applying  it. 


The  whole  apparatus,  however,  is  extremely 
simple,  easy  of  application,  and  not  liable 
to  derangement  from  accident  or  wear.  We 
understand  that  it  is  cheaper  than  any  other 
mechanical  steering  apparatus  yet  tried. 
The  power  which  it  utilizes  costs  nothing, 
and  is  always  ready  to  hand  for  use.  These 
points,  taken  in  conjunction  with  its  success 
in  the  Achilles,  should  be  the  means  of 
opening  the  eyes  of  the  Admiralty  authori- 
ties to  its  value. 


D UROMETER. — An  instrument  for  deter- 
mining the  hardness  of  metals  has  been 
invented  by  a  French  engineer.  It  consists 
of  a  drill,  turned  by  a  machine  of  a  certain 
and  uniform  strength.  The  instrument  in- 
dicates the  number  of  revolutions  made  by 
the  drill.  From  this,  compared  with  the 
length  of  the  bore-hole  produced,  the  hard- 
ness of  the  metal  is  estimated.  It  is  said 
that  most  rails  are  tested  in  France  by  this 
instrument. — Steierm,  Industrie  u,  Handels' 
blatt.  

THE  "  Stonewall  "  Disaster.  —  The 
question  arises,  what  is  the  use  of  legisla- 
tion, or  of  government,  as  far  as  the  safety  of 
passengers  is  concerned,  when  naked  candles 
are  allowed  among  bales  of  hay,  when  a  ves- 
sel provided  with  the  legally  required  pumps 
can  incontinently  burn  up,  when  the  boats 
and  life-preservers  certified  to  be  sufficient 
and  in  order,  do  not  save  the  passengers 
from  drowning,  and  when  the  destruction  is 
as  complete  as  if  there  had  been  no  life 
saving  appliances  at  all  ? 

It  seems  simply  criminal  on  the  part  of 
those  who  have  the  power,  to  allow  boat 
after  boat,  and  their  thousands  of  passengers 
to  be  destroyed  by  fire  or  collision,  when  the 
whole  boiler  power  of  the  vessels  could,  if 
the  proper  pumps,  injectors,  or  other  means 
of  applicdtion  existed,  drown  any  possible 
fire  or  neutralize  any  possible  leak. 

WORKmG  RESULTS  OBTAINED  AT  THE 
NEUBERG  BESSEMER  STEEL  WORKS. 

BT   G.    KAEKTL. 

[As  the  Bessemer  Steel  Works  at  Neuberg, 
in  Styria,  are  known  as  one  of  the  best  and 
most  carefully  managed  establishments  of 
this  kind,  we  communicate  in  the  following 
the  working  results  obtained  at  these  works 
in  the  years  1866  to  1869,  as  published  in 
Oestr.-Zeitschrift,  by  G.  Kazetl,  special  man- 
ager of  the  Neuberg  Bessemer  Department.] 
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The  manufacture  of  Bessemer  steel  was 
started  at  Neuberg  in  February,  1865,  with 
one  immovable  Swedish  converter  and  one 
reYolving  English  converter  of  about  60  cwt. 
capacity  each.  It  was  intended  from  the 
start  to  use  exclusively  Neuberg  pig-iron, 
and  to  run  it  from  the  blast-furnace  into  the 
converter  without  remelting. 

The  results  obtained  in  the  year  1865, 
kave  partly  been  published  before  this.  The 
above  tables  contain  the  working  results, 
beginning  from  1866,  since  when  the  manu- 
facture may  be  considered  as  being  carried 
out  regularly  and  steadily. 

The  Swedish  converter  was  removed  in 
tbe  middle  of  the  year  1866,  and  replaced 
bj  a  second  English  or  revolving  converter 
cf  80  cwt.  capacity.  The  results  obtained 
in  this  Swedish  converter  were  quite  or  near 
MM  satisfactory  as  those  obtained  in  the  Eng- 
lish vessel  as  regards  the  quantity  and 
quality  of  the  products  and  the  consumption 
of  fuel.  But  the  amount  and  cost  of  tuyeres, 
bricks,  and  other  lining  materials  required 
for  the  Swedish  converter,  were  very  high. 

Table  III,  shows  a  very  great  consump- 
tion of  cokes  for  heating  the  converters  in 
the  second  half  of  the  year  1866.  The 
reason  is  that  about  thb  time  the  opinion  pre- 
vailed that  the  heating  of  the  converter  to  a 
high  temperature,  before  the  beginning  of 
the  charge,  might  be  of  great  importance, 
and  the  experiment  was  made  to  see  the 
effect.  [It  may,  indeed,  be  seen  from  Table 
II,  that  during  the  same  time  the  scrap  pro- 
duced by  discharges  from  the  vessel  was 
considerably  diminished.]  In  the  beginning 
of  the  year  1868,  the  production  had  to  be 
increased,  and  as  the  blast  furnace  was  not 
able  to  furnish  the  required  quantity  of  pig- 
iron,  an  additional  number  of  charges  were 
made  with  pig-iron  remelted  in  a  cupola 
furnace.  Thus  several  charges  could  be 
blown  in  immediate  succession,  which  cir- 
cumstance lessened  the  consumption  of  heat- 
ing fuel  to  a  great  extent.  [The  production 
of  scrap  was  diminished  at  the  same  time.] 

From  1866  to  1868,  the  steam  for  the 
Bessemer  blast-engine  was  taken  from  the 
same  boilers  which  furnished  the  steam 
to  the  blast-engines  of  the  blast-furnaces. — 
These  boilers  being  heated  by  the  waste 
gases  from  the  blast-furnaces,  it  was  only 
necessary  to  bum  some  wood,  in  addition  to 
the  gases,  to  fully  produce  the  quantity  of 
steam  required  for  the  Bessemer  engine. — 
Towards  the  end  of  1868  separate  boilers 
were  put  up,  and  were  heated  with  bad  and 


cheap   fuel  as   lignite,  cinders   and    small 
coal. 

The  increase  in  the  consumption  of  lining 
materials,  in  1869,  is  due  to  the  use  of  a  less 
good,  but  cheaper  quartz.  More  fire-bricks 
were  used  in  the  last  twelve  months,  because 
the  cast-iron  bottom  plates  below  the  moulds 
were  replaced  by  frames  lined  with  fire- 
brick. S. 


GOVERNMENT  AID  TO  SCIENCK 

From  <<The  Engineer." 

Two  or  three  years  ago  several  thousands 
of  pounds  per  annum  were  placed  by  the  late 
Government  at  the  disposal  of  the  Royal 
Society,  to  be  expended  in  the  establishment 
of  meteorological  observatories  in  different 
parts  of  the  United  Kingdom,  in  order  to 
supply  accurate  daily  weather  reports  to  the 
Board  of  Trade.  Thb  step  was  not  with- 
out its  moral  influence  upon  the  scientific 
world,  for  at  the  British  Association  at  Nor- 
wich last  year,  it  was  suddenly  discovered 
that  the  scientific  world  generally  was  very 
badly  off,  and  most  decidedly  in  want  of 
money  aid  from  the  Government.  Lieu- 
tenant-Colonel Strange  read  a  paper  at  Nor- 
wich on  the  subject.  He  acknowledged  that 
Government  aid  would  be  certain  to  give 
rise  to  ''jobbing ''  and  jealousies,  but  urged 
that  the  good  done  would  outweigh  the  evil. 
The  opposite  side  of  the  question  was  then 
taken  up  by  Professor  Huxley,  who  said, 
with  much  reason,  that  the  present  free  and 
easy  way  of  pushing  on  scientific  research 
was  the  best  for  the  nation  and  best  for  phi- 
losophers. Nothing  would  so  chill  and 
deaden  the  energies  of  the  scientific  world 
as  the  transformation  of  any  large  portion  of 
it  into  a  Government  department.  The  re- 
sult of  the  conference  at  Norwich  was  the 
appointment  of  a  committee  of  eminent  phi- 
losophers to  inquire  whether  adequate  means 
exist  for  the  vigorous  prosecution  of  scienti- 
fic research  ;  and  if  not,  what  remedy  should 
be  provided. 

So  far  everything  went  on  swimmingly, 
but  then  a  frost,  a  chilling  frost,  blighted 
the  bright  dreams  of  the  philosophers.  A 
new  Chancellor  of  the  Exchequer  came  into 
power,  who  has  said  '*  No  !  many  times 
and  oft,  to  demands  made  by  individuals  and 
corporations  for  aid  from  the  national  cof- 
fers. He  not  only  refused  a  modest  demand 
for  cash  made  by  a  Scotch  scientific  society, 
but  expressed  doubts  whether  the  grant  made 
for  meteorological  observations  under  the 
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Board  of  Trade  oagbt  to  have  been  made. — 
The  Government,  he  stated,  ought  to  do  no- 
thing which  the  people  are  likely  to  do  for 
themselves  if  left  free  to  act.  With  the 
prospect  looming  in  the  future  of  facing  a 
gentleman  of  this  description,  the  Britith 
Association  Committee,  of  course,  could  not 
very  well  come  to  the  conclusion  that  appli- 
cation should  be  made  for  a  Government 
grant,  which  every  body  a  year  ago  thought 
would  be  the  result  of  their  deliberations. — 
But  they  have  unanimously  decided  that 
scientific  bodies  want  more  funds ;  and  what 
corporation  of  human  beings  does  not  ?  A 
direct  onslaught  on  the  nationl  resources  a 
being  manifestly  injudicious,  they  then  re- 
commended that  apfplication  should  be  made 
for  the  appointment  of  a  royal  commission 
to  inquire  into  the  subject.  Lieutenant- 
Colonel  Strange  read  this  report  of  the  com- 
mittee a  few  days  ago  at  the  Exeter  meet- 
ing of  the  British  Association,  and  he  pre- 
faced it  with  a  doleful  introduction  of  his 
own,  read  with  the  countenance  of  a  mute 
at  a  funeral,     v 

Many  will  doubtless  think  that  a  scientific 
journal  is  bound  to  support  scientific  men  in 
all  and  every  rush  at  the  public  purse. — 
Apart  from  the  selfishness  of  such  a  line  of 
action,  and  its  neglect  of  the  general  inter- 
ests of  the  nation,  in  this  case  it  is  no  use 
doing  so.  Very  recently  an  application  of 
a  very  influential  character  was  made  to  the 
Chancellor  of  the  Exchequer  to  appoint  a 
royal  commission  to  inquire  into  the  work- 
ing of  the  Bank  Charter  act  of  1844.  This 
act  is  believed  by  the  political  ^economists  to 
be  the  source  of  many  commercial  panics 
and  of  a  vast  amount  of  pauperism,  while 
any  banker  can  bear  witness  that  it  has  in- 
directly been  cause  of  the  ruin  and  bank- 
ruptcy of  many  honestly  managed  banks. — 
Yet  this  application,  of  more  importance 
than  the  one  proposed  to  be  made  by  the 
British  Association,  was  refused  on  the 
ground  of  the  expense  of  the  commission, 
and  because  the  action  of  the  law  upon  the 
public  is  perfectly  understood  already  by 
those  educated  in  the  science  of  political 
economy.  Of  course,  once  let  the  proposed 
commission  on  scientific  needs  be  appointed, 
the  result  of  the  large  amount  of  talk  which 
would  follow  would  not  certainly  be  a  re- 
commendation of  increased  national  expen- 
diture. Instead  of  trying  to  obtain  a  few 
thousands  of  pounds  annually  in  this  way, 
with  the  certainty  of  failure,  why  do  not  the 
committee  take  ^steps  to  get  a  few  tens  of 


thousands  of  pounds  annually  hum  1 1 
legitimate  source  ?  The  subjeetof  i 
education  must  soon  come  to  the 
and  if  the  British  Association  thct  «pA 
the  necessity  for  general  teaching  of  eleM- 
tary  science  in  schools,  and  the  deftinbiBtj 
of  making  grants  to  encourage  this  braaek 
of  education,  all  the  members  of  the  Biitiik 
Association  would  support  the  movemest— 
At  present  there  is  a  division  in  the  enf. 
and  very  many  hold  tho  views  of  Pro&Mi 
Huxley.  If  science  were  generally  tu^ 
in  schools  we  should  soon  have  a  popnliliai 
willing  to  subscribe  largely  to  pmb  on  » 
entific  research  without  aid  from  the  Qflr* 
ernment.  The  Wesleyans  have  shown  wkat 
enormous  sums  can  be  raised  annaallj  hj 
private  subscriptions,  where  large  nubea 
of  people  join  together  in  favor  of  any  py^ 
ticular  line  of  action.  Those  nomben  mtj 
or  may  not  be  one  in  twenty  of  the  toiil 
population,  but  is  it  hopeless  to  attempt  to 
train  up  a  similarly  large  number  of  people 
to  have  an  interest  in  science  ?  If  the  Sri- 
tish  Association  and  its  president  of  lot 
year  were  to  make  a  dead  set  at  the  Goren- 
ment,  insisting  that  the  teaching  of  Kiesei 
in  schools  shall  be  a  marked  feature  ii  til 
future  educational  legislation,  they  wiiils^ 
cced  to  a  large  extent,  for  they  woold  ctfir 
national  opinion  with  them.  The  presest 
plan  will  fail,  and  even  the  intention  mei* 
tioned  by  the  President  of  section  A,  of  gel- 
ting  up  a  discussion  upon  it  before  the  let- 
tings  of  the  British  Association  came  to  t 
close  at  Exeter,  was  abandoned. 


THE  SEWAGE  OF  TOWIfS 

Abstnot^of  a  paper  bj  Dr.  Bbnjaviit  H.  PirL,  tmi 
before  the  British  Aseociatioa. 

This  paper  was  the  voluminous  and  Till- 
able report  of  a  committee  on  the  Treatment 
and  Utilization  of  Sewage.  The  report 
traced  the  history  of  sewage  in  Engdnd 
from  the  most  primitive  appliances,  to  tk 
use  of  cess-pits,  and  lastly,  of  the  preeest 
water  carriage  svstem.  At  the  outset  of 
the  adoption  of  this  system,  it  was  contes* 
plated  to  utilize  it  as  manure,  but  wi5  Mt 
enforced,  and  was  now  generally  carried  ioto 
the  rivers  and  the  sea  so  long  as  it  did  sot 
create  a  great  nuisance.  The  system  nov 
greatly  polluted  the  rivers,  and  had  beeeae 
an  evil  of  national  importance.  Darinf  tb 
last  thirteen  years  the  subject  had  engiff^ 
the  attention  of  three  Royal  Commifsioas. 
with  a  view  to  finding  remedial 
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The  object  of  this  committee  was  to  supple- 
ment the  efforts  of  the  last  sanitary  com- 
missioo,  by  obtaining  special  information  of 
loeal  influences  of  the  experience  of  various 
towns.     Town  sewage,  as  now  known,  was 
a  sooree  of    nuisances  and  inconvenience, 
Mid  was  undoubtedly  injurious  to  health, 
and  it  became  a  very  serious  matter  to  de- 
termine what  to  do  with  it.     The  committee 
hiul  obt-ained  information  of  the  sewage  on 
the  Continent  and  Austria.     From  this  they 
gathered  that  both  in  large  towns  and  coun- 
try places  there  the  old  system  of  cess-pits 
was  still  in  use,  and  water  closets  were  rare 
even   in  large  towns.     In  Berlin,  with  its 
population  of  more  than  600,000  the  still 
more  primitive  and  objectionable  night-stools 
were  employed,  50,000  being  in  use  every 
day.     This  was  remarkable  in  a  country  so 
advanced  in  other  respects  as  Prussia  is. 
Hamburg  was  the  only  continental  town  in 
which  water  carriage  system  was  carried  out. 
In  other  places  large   portable   reservoirs 
were  used,  and  were  periodically  removed 
ontside  and  there  emptied.     In  some  cases 
the  householders  pay  for  the  removal,  in 
others  it  is  sold  to  cover  the  cost.     In  Ant- 
werp the  profits  of  the  sale  is  two  or  three 
thousand  pounds,  and  in  Strasbourg  the  sale 
just  covers  the  cost.     The  result  of  this  for- 
eign information  was  to  show  that  the  remo- 
val of  sewage  so  as  to  prevent  evil  conse- 
quences, was  at  least  as  much  an  open  ques- 
tion as  in  this  country,  and  that  there  was 
an  opinion  that  the  collection  of  refuse  ma- 
terials was  injurious  to  health,  by  exhala- 
tions, and  by  polluting  rivers  and  wells,  and 
that  a  remedy  is  required.     The  great  ques- 
tion was  to  decide  as  to  the  best  mode  of 
dealing  with  the  town  refuse  so  that  it  might 
be  satisfactory  to  health  and  would  realize 
its   greatest   agricultural  value  as  manure 
without  its  concurrent  advantages.    A  series 
of  questions  had  been  sent  to  338  towns  in 
England,   and  answers  had  been  received 
from  107  towns,  of  which  11  had  no  sewage 
at  all,  and  in  others  the  systems  adopted 
were  very  defective ;  48  towns  had  a  com- 
plete water  carriage  system,  and  15  applied 
the  sewage  to   land,  previously  subjecting 
it  to  treatment.     The  results  varied  con- 
siderably, the  local  influences  at  work  being 
very  different.      From  some  towns  it  was 
iiaid  that  all  obnoxious  matters  were  removed 
from  the  sewage,  and  that  it  flowed  off  clear 
ae  water.     It  was  questioned,  however,  by 
chemists,  whether  all   deleterious   matters 
were  destroyed,  and  whether  the  clarifloation 
Vol.  T.— No.  12.-71. 


as  seen  by  the  eye  was  not  all  the  advantage 
gained.  This  sewage  manure  was  sold  from 
6d.  to  28.  6d.  a  ton,  and  one  town  mixing  it 
with  other  substances,  made  a  manure  sold 
for  7s.  6d.  a  ton.  Leicester  sold  5,000  tons 
a  year.  The  result  of  this  utilization  of 
sewage  had  been  seen  in  the  improved  con- 
dition of  the  streams  of  rivers.  Little  ob- 
jection had  been  urged  against  the  use  of 
sewage  for  irrigation  of  land,  and  where  ob- 
jections were  made  they  were  not  supported 
by  medical  authorities.  The  cost  of  these 
various  systems,  and  their  influences  on  the 
sanitary  state  of  the  towns,  were  subjects 
for  further  inquiry.  The  ventilation  of  sew- 
ers was  also  an  important  question,  for  in 
them  gases  were  given  off  and  found  to  es- 
cape through  the  drains  of  the  streets  and 
of  the  houses.  Such  questions  as  the  value 
of  the  sewage  for  agricultural  purposes,  and 
the  best  means  of  collecting  and  preparing 
the  manure,  required  further  consideration, 
and  for  this  purpose  it  was  suggested  that 
the  committee  should  be  continued. 


CAISSONS. — At  Rochester,  England,  a 
bridge  across  the  Medway  was  com- 
menced in  1850.  The  piers  were  made  of 
cast-iron  caissons,  7  ft.  in  diameter,  and 
driven  a  depth  of  44  ft.  into  the  bed  of  the 
river,  through  gravel,  sand,  rocks,  and  the 
debris  of  an  old  timber  bridge,  built,  proba- 
bly, by  the  Romans.  At  first  the  exhaus- 
tive process  was  used,  but  was  soon  found  to 
be  insufficient,  and  the  atmospheric  pressure 
process  was  tried.  The  caissons  were  then 
driven  in  an  unexpectedly  short  space  of  time, 
and  at  one-third  the  estimated  cost,  through 
the  obstacles  above  mentioned,  and  that  to 
the  great  surprise  of  all  engineers.  How- 
ever this  was  not  the  first  experiment  of  the 
kind ;  it  had  been  successfully  applied  sev- 
eral years  previously  in  France,  in  sinking 
iron  caissons  through  quicksands,  in  order 
to  reach  a  coal  mine  at  a  depth  of  82  ft. 
beneath  the  surface,  the  workmen  having 
been  exposed  to  a  pressure  of  three  atmos- 
pheres. 

In  several  other  works  the  vacuum  pro- 
cess was  first  tried,  but  soon  abandoned  as 
insufficient.  They  were  as  follows  :  In  the 
year  1851,  the  engineer  of  the  Rochester 
bridge,  W.  Corbitt,  built  the  piers  of  the 
Peterboro'  bridge  with  cast-iron  caissons  6 
ft.  square,  placed  in  contact  and  afterwards 
filled  with  masonry.  In  the  year  1853, 
Major  Owynne  and  L.  Fleming  boiit^the 
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foundations  of  a  bridge  across  the  Pedee, 
North  Carolina,  with  columns  6  ft.  in  dia- 
meter, driven  a  distance  of  25  ft.  through 
sand*  Afterwards,  they  constructed  the 
Santee  bridge.  In  the  year  1859,  General 
Smith  built  the  Savannah  bridge.  In  1860, 
the  Third  avenue  bridge  across  the  Harlem 
river  was  commenced.  Brunei  built  a  pier 
ftt  Saltash  with  a  caisson  37  ft.  in  diameter, 
sunk  to  a  depth  of  98  fl .  below  the  water  ; 
it  had  the  size  and  shape  of  the  foundation 
of  the  entire  pier,  and  was  afterwards  filled 
with  masonry.  All  this  was  accomplished 
by  means  of  atmospheric  compression,  and 
this  system  has,  since  the  year  1850,  met  with 
more  favor  the  better  it  has  become  known, 
until  now  it  has  become  almost  the  universal 
method  employed  where  currents  are  rapid 
and  the  river  bed  treacherous.  The  Ameri- 
can experience  is  this,  to  wit :  That  in  the 
Southern  rivers,  where  cypress  logs  and 
other  large  objects  are  encountered,  their 
Toinoval  by  the  exhaust  system  is  utterly 
impojisjble,  but,  on  the  contrary,  compara- 
tively easy  by  means  of  the  compressed  air 
process  which,  therefore,  is  now  exclusively 
used.  Also,  the  most  eminent  engineers  in 
England  agree  as  to  the  utter  insufficiency 
of  the  exhaust  and  the  advantage  of  the 
plenum  process.  We  will  only  mention 
Gorbitt,  Hawkshaw,  Simpson,  Brunei,  He- 
mans,  Brunlees,  Page,  Fox,  Rawinson,  Bre- 
reton,  Fitzgibbon,  Brassy,  besides  many 
continental  engineers. 

A  caisson  in  which  the  air  is  driven  down 
by  mean8  of  pressure,  notwithstanding  it  is 
worked  on  the  principle  of  the  diving-bell, 
is  very  distinct  from  it;  because  a  diving- 
bell  is  a  mere  tool  suspended  from  a  vessel 
or  from  the  shore,  and  used  to  lay  founda- 
tionSf  etc.,  while  the  caisson  forms  a  part  of 
the  foundation  itself.  The  diving-bell  is 
hoisted  out,  and  when  at  the  bottom  is  in- 
aeoessible,  while  in  case  of  the  caisson  there 
Is  an  uniuterrupted  communication  with  the 
outside.  Our  Harlem  bridge  contains  also 
that  improvement,  which  the  builder,  Wm. 
MoAlpine,  has  termed  "expansion  of  the 
base/'  The  supporting  power  of  the  col- 
umn is  thereby  greatly  increased  at  a  tri- 
fling cost.  We  will  not  confine  ourselves  to 
a  description  and  illustration  of  English  and 
Banish  engineering  works,  overlooking  the 
merits  of  our  American  engineers,  whose 
aehievcments  are  equal  in  merit  to  those 
abroad.  It  is,  however,  unfortunate  that 
they  are  too  busy  to  give  attention  to  de- 
inptioQs  for  the  benefit  of  the  public.   We 
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was  10  oz.,  and  the  weight  of  the  6-diame- 
ter  projectiles  is  6  lbs. 

No.  1  is  a  portion  of  a  plate  2  in.  thick, 
penetrated  by  the  G-diameter  flat-fronted 
projectile  also;  No.  1  at  an  angle  of  85 
deg.  No.  2  is  a  similar  piece  of  plate,  1.7 
in.  thick,  completely  traversed  at  an  angle 
of  45  deg.  by  the  flat-fronted  projectile  No. 
2,  which  buried  its«ilf  to  a  depth  of  30  in. 
in  a  backing  of  iron  borings.  No.  3  is  a 
piece  of  plate  1.75  in.  thick,  penetrated  at 
an  angle  of  65  deg.  by  the  flat-fronted  pro- 
jectile No.  8.  No.  4  is  a  plate  1.7  in.  thick, 
nearly  penetrated,  at  an  angle  of  45  deg., 
by  the  3^-diameter  flat-fronted  projectile 
No.  4.  No.  5  is  a  plate  1^  in.  thick,  against 
which  the  ogival-pointed  projectile  No.  5 
was  fired  at  an  angle  of  45  deg. ;  the  pro- 
jectile failed  to  penetrate  the  plate,  being 
defected  in  consequence  of  the  pointed  form 
of  the  head.  The  distortion  of  its  shape 
shows  the  force  with  which  it  struck  the 
plate,  and  proves  the  good  quality  of  the 
material  which  could  resist  such  a  test. 
No.  6  is  a  plate  also  1^  in.  thick,  against 
which  an  ogival-pointed  projectile,  of  the 
service  proportions,  viz  :  2^  diameters  long, 
made  of  Pontypool  white  iron,  has  been 
fired ;  the  projectile  has  scooped  out  a  fur- 
row 4  in.  long  and  j^^^  in.  deep;  it  broke  up 
into  fragments,  of  which  48  were  recovered. 

The  plates  Nos.  1  and  3  were  purposely 
thicker  than  the  projectile  could  quite  pass 
through,  in  order  that  the  *'work'*  of  the 
projectiles  might  be  as  severe  as  possible ; 
an  examination  of  the  projectiles  themselves 
will  show  how  well  they  have  stood  the  se- 
vere strain  to  which  they  have  been  sub- 
jected. The  data  thus  obtained  fully  estab- 
lish, I  think,  the  superiority  I  claimed  for 
the  flat-fronted  projectiles  madeof  my  metal, 
and  satisfactorily  prove — (1)  that  the  flat- 
fronted  form  is  capable  of  piercing  armor- 
plates  at  extreme  angles ;  (2)  that  the  qual- 
ity of  the  material  of  the  shells  enables 
their  length  to  be  increased  without  any 
risk  of  their  breaking  up  on  impact,  and 
materially  augments  their  bursting  charge 
as  shells  ;  (8)  that  this  increase  in  length, 
while  adding  to  the  efficiency  of  thn  pro- 
jectile as  a  shell,  in  no  way  diminishes,  but, 
on  the  contrary,  proportionally  improves  its 
penetrative  power ;  (4)  that  the  amount  of 
rotation  I  have  adopted  in  my  system  of 
rifling  is  sufficient  to  insure  the  long  pro- 
jectiles striking  **end  on,"  and,  consequent- 
ly, to  accumulate  the  whole  effect  of  the 
mass  on  the  reduced  area  of  the  flat-front. 


These  experiments  show,  faTth«r,  tbft 
the  ogival-pointed  projectile  kw  b«t  nali 
power  of  penetration  when  strikiag  it  a 
angle,  solely  on  aecoant  of  the  form  of  tke 
head;  a  projectile  of  Whitworth*i  neul 
with  the  like  ogival-pointed  liead,  m  a  ser- 
vice projectile,  having  resisted  the  shock  of 
impact  without  breaking  np,  b«t  beiag  de- 
flected in  precisely  the  same  romnDer  as  ibe 
pointed  service  projectile,  whieh  was  skivtr- 
ed  into  fragments.  The  objections  I  aide 
in  my  paper  last  year  to  the  ogiVal-psistcd 
projectile — ^1)  that  its  fom  of  head  caoRS 
it  to  glance  off  from  plane  or  convex  nr- 
faces  when  hitting  diagonally ;  and  (2)  tkat 
the  brittleness  of  its  material  rendert  it 
liable  to  break  up  on  impact — I  have  sow 
proved  to  the  section.  The  faets  illustrated 
by  these  experiments  are  not  of  leoeDi  di^ 
covery.  Ever  since  1858  I  have  eonstantlj 
been  advocating  the  flat  front.  I  have  oo 
the  table  a  small  plate  ^  in.  thick,  experi- 
mented upon,  in  1862,  with  hardened  steel 
bullets  fired  from  my  small  bore  rifle.  No. 
39  is  the  hole  made  by  a  flat-fronted  bsllet, 
which  has  penetrated  the  plate  at  an  an^le 
of  45  deg. ;  No.  40  is  the  indent  of  heuiH 
pherical-headed  ;  and  No.  41  of  an  ordioarj 
round-nosed  bullet,  both  fired  at  the  same 
angle  of  45  deg.  These  three  roonds  were 
fired  in  18G2. 

Within  the  last  few  days  I  have  had  an 
ogival-pointed  shaped  ballet  fired  at  the 
same  plate  at  the  same  angle,  in  order  to 
confirm  the  effect  with  that  prodaced,  on  a 
larger  scale,  on  the  plate  No.  6.  It  is  in- 
teresting to  observe  how  closely  the  results 
obtained  with  the  small  caliber  of  my  rifle 
agree  with  those  of  the  3-pounder  gun  which 
form  the  subject  of  this  paper.  Those  ex- 
j  pcriments  recorded  in  the  paper  were  iua<ie 
with  a  gun  of  small  caliber,  from  considera- 
tions of  economy  and  convenience ;  but  1 
have  always  found  that  what  I  could  do  with 
the  smaller  calibers  of  my  system,  could  be 
reproduced  in  the  larger  sizes ;  and  from  my 
past  experience  I  feel  warranted  in  asserting 
that  tfie  effect  of  penetration  now  exhibited 
could  be  repeated,  on  a  proportionate  scale, 
with  my  9  in.  guns  at  Shoeburyness,  or  with 
the  11  in.  guns  my  firm  are  now  engaged  in 
constructing. 

A  glance  at  the  formidable  nature  of  the 
projectiles  thrown  by  these  guns,  and  a  con- 
sideration of  the  effects  they  may  he  ex- 
pected to  prodace,  will  show  the  importance 
attaching  to  the  question  of  penetration  of 
plates  by  long  projectiles.     The  9  in.  gmif 
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to  which  I  have  referred  weigh  fifteen  tons 
each,  and  are  capable  of  firing  powder 
ch:irges  of  50  lbs.  A  9  in.  armor  shell,  5 
diameters  long,  weighs  535  lbs.,  and  will 
contain  a  bursting  charge  of  25  lbs. 

I  have  BO  hesitation  in  saying  that  these 
projectiles  would  pierce  the  side  of  a  ship, 
plated  with  heavy  armor,  at  a  distance  of 
2,000  yards,  and  at  some  depth  below  the 
water-line.  The  11  in.  ^uns  will  weigh  27 
tons,  and  will  be  capable  of  firing  90  lbs. 
powder  charges.  The  11  in.  shells,  5  dial 
meters  long,  will  weigh  965  lbs.  and  wil- 
contain  bursting  charges  of  45  lbs.,  and 
would  pierce  the  side  of  the  ship  Hercules, 
plated  with  9  in.  armor,  at  a  distance  of 
2,000  yards. 

Were  it  not  that  the  increased  destruc- 
tiveness  of  war  must  tend  to  shorten  its 
duration,  and  diminish  its  frequency — thus 
saving  human  life — the  invention  of  such 
projectiles  could  hardly  be  justified;  but 
believing  in  the  really  pacific  influences  of 
the  most  powerful  means  of  defense,  these 
long  projectiles  I  call  the  ''anti-war  "  shell. 
The  principle  I  have  always  insbted  upon, 
and  laid  down  for  my  own  guidance  in  artil- 
lery experiments — when  either  a  low  trajec- 
tory or  penetration  is  required — is,  "that 
every  gun  should  be  in  strength  capable  of 
withstanding  the  largest  charge  of  powder 
that  can  be  profitably  consumed  in  its  bore.'* 
I  have  drawn  up  the  accompanying  table  of 
the  sizes  of  the  bores  of  my  guns,  with  their 
proportionate  powder  charges,  and  the  guns 
will  all  be  fully  equal  to  this  duty,  and  I 
believe  the  greatest  possible  effect  from  the 
consumption  of  a  given  quantity  of  powder 
will  be  obtained.  But  the  guns  adopted  in 
our  naval  service  are  not  equal  to  such  a 
test ;  nor,  as  I  believe,  are  they  so  propor- 
tioned as  to  realize  the  best  effect  from  the 
quantity  of  powder  they  consume. 

Four  guns  of  12  in.  bore  have  lately  been 
put  on  board  the  Monarch.  They  weigh 
25  tons  each,  and  charges  of  50  lbs.  and  67 
lbs.  have  been  fired  from  them  with  projec- 
tiles of  600  lbs.  weight.  I  have  no  doubt 
that  these  guns  have  been  made  with  all 
possible  care,  and  are  as  strong  as  their  ma- 
terial and  construction  admits ;  but  if  the 
weight  of  these  guns  was  in  proportion  to 
the  capacity  of  their  bore,  and  if  the  mate- 
rial were  the  best  that  our  metallurgical 
skill  could  supply  for  such  a  purpose,  they 
ought  to  fire  117  lbs.  of  powder,  and  pro- 
jectiles of  1,250  lbs.  weight.  They  would 
then  be  efficient  weapons;  bat  at  present 


thev  are  more  formidable  in  name  than  in 
reality. 

We  are  often  flattered  by  being  told  that 
we  have  the  best  guns  in  the  world.  That 
may,  or  may  not  be  the  case.  But  I  think 
that  we  should  not  rest  contented  while  we 
are  still  so  far  from  having  attained  as  much 
as  our  present  advancement  in  mechanical 
and  metallurgical  science  has  rendered  pos- 
sible for  us. 

Particular t  of  Ammunition  for   Whitworth  Qunt 
from  b.b  in.  to  18  in,  bore. 


Coranon  shell*,  ca«l 

Armor  ebeUs, 

iron,  3.5  diameter* 

Whiiworlh  metal. 

long. 

5  diameter*  long. 

Caliber 

Pbwder 

of  bore. 

charge. 

Baretiiig 

Weight 

Bortting 

Weight 

charge. 

of  eheU. 

charge. 

ofsbeU. 

*•  in. 

lbs. 

lbs. 

lb«. 

Ib«. 

lbs. 

5.5 

ll.O 

4.0 

70 

8.0 

120 

7.0 

23.0 

P.5 

150 

12.0 

255 

8.0 

34.0 

13.0 

220 

18  0 

375 

9.0 

50.0 

18  0 

320 

25.0 

635 

10.0 

70.0 

24.0 

440 

35.0 

740 

11  0 

90.0 

32.0 

5H0 

45.0 

965 

12.0 

117.0 

40.0 

750 

5H.0 

1,250 

13.0 

150.0 

51.0 

900 

75.0 

1,015 

Mr.  W 

hitworth't 

patent  car 

iridge  increanesthe  range  from 

15  to  90 

per  cent 

JoevH  W 

HITWOKTX  k  Cp. 

Mancb 

eMer,  1869. 

GAS  PROM  Sewage — A  vague  report  of 
some  experiments  which  have  been  made 
in  India,  and  which,  it  is  said,  have  resulted 
in  the  production  of  gas  of  high  illuminatipg 
power  from  sewage,  has  set  numbers  of  peo- 
ple speculating  on  the  possibility  of  lighting 
London  from  the  same  source.  If  this 
could  be  accomplished  no  modem  applica- 
tion of  science  could  equal  it  in  importanc9. 
It  would  at  once  remove  a  nuisance  and 
convert  an  enormous  waste  into  profit,  and 
besides  that  would,  in  London  alone,  save 
the  consumption  of  something  like  1,000,- 
000  tons  of  coal  a  year.  While  we  are  yet 
in  ignorance  of  the  mode  of  operatinfi;  which 
has  resulted  in  the  success  reported,  we  can 
only,  with  the  knowledge  we  possess,  specu- 
late on  what  may  be  accomplished  by  differ- 
ent methods  of  treatment.  Sewage  in  Lon- 
don, now  well  drained  and  well  supplied 
with  water,  means  animal  excretia  and 
household  refuse  largely  diluted  with  water. 
What  sewage  means  in  India  we  do  not 
know,  but,  according  to  Sir  John  Thwaites, 
it  is  solid  excretia.  Now,  the  only  conceiva- 
ble mode  of  obtaining  gas  from  such  a  ma- 
terial as  solid  excrement,  is  by  distilling  it 
in  a  retort  just  in  the  same  way  as  we  do 
coal ;  and,  as  we  know  the  chemical  compo* 
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sitioD  of  thd  exoremetU,  it  is  Bot  difficult  to 
guess  what  the  resolt  of  the  distillatioi} 
would  be.  It  watild,  in  fact,  be  a  disgust- 
inglj  offensive  mixture,  consistiDg  probably 
of  marsh  gas,  oarbonic  oxide^  carbonic  acid, 
ammonia,  and  some  other  nitrogenized  va- 
pors, which  would  give  to  the  whole  an  odor 
to  which  the  smell  of  burnt  feathers  would 
be  a  perfume.  No  doubt  most  of  what 
might  be  considered  impurities  in  this  mix- 
ture could  be  removed,  and  the  two  combus- 
tibles, marsh  gas  and  carbonic  oxide,  left 
alone.  But  in  this  case  the  bulk  of  the 
gas  would  probably  be  reduced  by  at  least 
one-half;  and  the  remaining  half  would 
have  no  value  for  illuminating  purposes, 
while  it  would  be  highly  poisonous.  We 
may  say,  however,  that  although  we  think 
it  highly  improbable  that  any  olefiant  gas 
or  light'giving  vapor  would  be  produced  in 
the  procc«8,  it  is  quite  possible  that  some 
might  be  present  if  any  kind  of  fat  were 
fouud  with  the  excretia. 

So  far  with   the  treatment   of  the   solid 
matterfl.     We  may  consider  now  how  gas 
may  be  obtained  from    sewnge  diluted  with 
a  small  quantity  of  water.     Placed  in  close 
vessels   and  allowed   to  ferment,  the  result 
would  be  the  slow  production  of  large  quan- 
tities of  marsh  gas,  carbonic  acid,  ammonia, 
and  a  few  other   gases;  but,  again,  the  gas 
would  give   no  light  when  burnt.     If  lime 
were   added  to  the  slush,  mar.rh  gas  would 
be   obtained    more    rapidly,  and    in    larger 
quantities,  and   no   carbonic  acid  would  be 
mixed  with  it«      If  we  take  sewage  sueh  as 
we  have  in  London^  and  allow  it  to  fermetit, 
we  again  procure  ma^rsh  gas  ;  but  neither  in 
this  case   nor  with  the  slosh  do  we  procure 
gas  possessing  any  iUuminating  power.    Wc 
are  quite  willing  to  coulees  our  ignorance  of 
any  feasible   means  of  obtaining  gas  from 
sewage  but  those  we  have  mentioned  above. 
We  shall  probably  be  laugiied  at  by  those 
no  better  informed  than  ourselves.     Mean- 
while, we  shall  wait  for  an  exact  aee^uut  of 
the  experiments  tnade  in   India,  in  the  ex- 
pectation q{  learning  that  something  inore 
than   sewage  has   been  employed.     In  dis- 
missing the  matter  u«til  we  get  th«  informa- 
tion, it  may  be  wortii  while  to  notice  what 
changes  the  manufacture  of  gas  from  sewage 
in  London  would  necessitate.     In   the  first 
case   we  put   the  use   of  solid   excretia ;  it 
would  involve  the  entire  discontinuance  of 
our    present    isystem    of    house    drainage, 
and  a  return  to  eesspools,  or  some  equiva* 
Ht  for  them..     U  eoaeeutrated  sewage  bo 


used,  it  means  a  double  system  oC  inmm 
for  every  house  and  the  wbole  Bictr«|«^ 
Lastly,  if  ordinary  sewage  b«  Btfeil,  ii  km 
been  calculated,  from  tke  raattlli  d  ^ 
Letheby,  who  analy  zeii  i\k9  gSMi  yfiitU 
in  the  fermentation,  that  U»  pro««f«  ^  pt 
required  for  one  day  and  nighl  Lm  moAn  it 
would  be  neccwsary  l<i  ttt»*rt%  in  cIom  rtamk, 
twelve  hundred  in  ill  iocs  of  gAlVoiia,  nr  wm9 
than  a  fortnight's  sewage,  which  la  wmi\^ 
double  the  quantity  lb»t  all  thm  rcmmmi 
all  the  London  water  ci>tEipaiii«a  {Mil  I 
would  contain. 

Some  other  consideratfons  pmcal 
selves,  which  we  may  dismtse  very 
In  the  fermentation  of  aewaga  tarn  ii 
doubt  that  various  morbid  poboBsanr 
loped.  The  poison  of  fever  is  gcBtially  1»1 
lieved  to  be  derived  frova  thb  v^ryaomi; 
and,  according  to  some,  cholera  bipfsai  ty 
the  same  means.  A  Vettk  m  a  p**pi^ 
might,  therefore,  luvo  rvviiMn|n€a(Ci 

to  a  household  than  r  ruio  iiainp|t4 

trainii.     But  .>n  thia  matter  it  ijii««UcMls 
speculate.     We  st^y  again  wv  wait  for  j 
mation. — Mechanics*  Magazitm* 


Lit  irf  tu" 


SURVEYING  INSTRUMENTS. 

^O,  I.— THE  8IXTV-8IX    FKRT   CItAfl. 

The   ordinary  ckain  u»c<l  to  nanryia^ 

very  susceptible  of,  and  v 

to,  both  extension  and  cc>i< 

1st.   It  estpanda  and  con.   ^        i  v 
cold.     Its   expansion   bet\^i.n   nir 
and  boiling  poinU  is  the  yg^^^^h  part  d  fU 
length,   or  nearly   ^^^th  of  au   inch,      ^ 
source  of  error   \s  of  court^e    tiegl^ecM 
ordinary  operations. 

2d*   It   atretches    very     tsitieh    hj 
tightly  drawn  when  in  U!»e,  and  is  ski 
by  the  links  becoming  bent.     This  mnt  W 
guarded    again  ut    by    frequeni 
with  an  accurate  standard. 

If  the  ground  to  be  chained 
ly  level   and  smooth,  a  very  hipli  ^^groa 
Accuracy  could   be   obtained    •  tibf 

ordinary  chain.     But  in  practi  ••fw 

so.  The  ground  ia  alvaja  ttnova  or  las 
rough  and  undulating,  aiid  llia»a  ahstfaa^ 
ttofis  aad  deviations  take  tip  a  jMrtnm  aC  Iha 
chain,  fttMi  make  the  mcaaun*tiieitt#  too  ^ 
The  skill  ia  4:Jiaining  c^ynataiv  la  kau* 
a  glanee  the  amount  of  allnwaaea 
made  fr^m-the  -aatur«Y  of  the  groand 
I  should  reconunefid  in  all  caaes  tlial  tW 
most  experienced   hmd    should   go 
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ThiB  b  contrary  to  rule,  but  I  am  convinced 
that  it  secures  the  best  chaining.  The  fol- 
lower has  only  to  hold  firm  to  the  pin,  and 
keep  the  leader  in  line,  while  the  latter 
moat  estimate  the  amount  of  chain  taken  up 
by  obstacles,  etc.,  and  make  the  necessary 
allowance. 

On  sloping  ground  (which  should  always 
be  chained  down  hiUy  even  if  it  is  necessary 
to  ohain  the  slope  backwards)  the  chain 
most  still  be  held  horixontal.  In  order  to 
do  this,  it  is  necessary,  sometimes,  to  chain 
in  short  lengths.  The  late  Prof.  Gillespie, 
in  his  admirable  treatise  on  surveying,  gives 
the  following  excellent  method  of  handling 
the  chain  in  Huch  cases,  in  the  following  words: 
*'  To  measure  down  a  steep  hill,  stretch  the 
whole  chain  in  line.  Hold  the  upper  end 
fast  on  the  ground.  Raise  up  the  20  or  30 
link  mark,  so  that  that  portion  of  the  chain 
is  level.  Drop  a  plumb  line  or  pin.  Then 
let  the  follower  come  forward  and  hold  down 
that  link  on  this  spot,  and  the  leader  hold 
up  another  short  portion  as  before.'*  In 
this  way  the  liability  to  error  in  adding  up 
the  short  measurements  is  avoided. 

When  the  whole  chain  is  held  up  off  the 
ground,  the  catenary  curve  that  it  forms 
will  reduce  the  length  at  least  an  inch,  if  a 
good  stretching  pull  be  not  exercised. 

Under  the  guidance  of  an  experienced 
leader,  the  measurement  of  80  or  40  chains, 
if  repeated,  should  not  show  a  variation  of 
more  than  a  link,  if  the  grouiid  be  at  all 
favorable.  This  degree  of  accuracy  should 
be  insisted  upon  in  important  work.  Greater 
accuracy  cannot  be  obtained  by  the  ordinary 
process. 

NO.  II. — THE    COMPASS. 

This  instrument  was  formerly  used  for 
even  the  largest  and  most  important  surveys, 
but  is  now  falling  into  almost  entire  disuse, 
except  as  in  the  -form  of  a  pocket  instru- 
ment, and  for  some  purposes  which  will 
shortly  be  mentioned.  With  it  accuracy  is 
unattainable,  except  through  accident.  The 
only  reason  why  its  imperfections  are  not 
more  apparent  is,  that  as  the  observations, 
unlike  those  taken  by  the  transit,  are  inde- 
pendent of  each  other,  their  errors,  by  the 
doctrine  of  chances,  are  apt  to  neutralize 
each  other  to  a  certain  extent.  Were  it 
otherwise,  the  results  would  be  too  grossly 
inaccurate  to  permit  of  the  use  of  this  in- 
strument in  any  case. 

The  groat  vices  of  the  compass  as  an  Iqv 
sirument  of  precision  are, 


1st.  Its  susceptibility  to  local  attraction. 

2d.  The  diurnal  variation  of  the  mag- 
netic meridian,  which  amounts  sometimes  to 
as  much  as  a  quarter  degree  between  the 
morning  and  the  afternoon  of  the  same  day. 

3d.  The  impossibility  of  reading  the  in- 
strument with  exactness,  owing  (a)  to  the 
bluntness  of  the  indicator,  or  needle ;  (&)  to 
the  fact  that  this  indicator  does  not  come  in 
actual  contact  with  the  graduated  limb ;  (c) 
to  its  unsteadiness;  (d)  to  the  insufficient 
minuteness  of  the  graduation  of  the  limb,  it 
being  necessary  to  estimate  the  number  of 
minutes,  less  than  30,  cut  by  the  needle. 

4th.  The  imperfect  manner  in  which  the 
instrument  is  usually  adjusted,  it  being  very 
rare  that  two  compasses  will  agree  in  the 
bearing  of  the  same  line. 

It  must  be  borne  in  mind  that  I  am  now 
speaking  of  this  instrument  in  reference  to 
the  higher  operations  of  surveying,  where  a 
considerable  degree  of  accuracy  is  required. 
Fur  ordinary  purposes,  such  as  *'  running 
around  "  a  small  farm,  particularly  with  a 
view  to  ascertain  its  acreage,  the  compass  is 
undoubtedly  the  handiest  instrument  that 
can  be  employed  in  point  of  rapidity  in  the 
field,  and  the  convenient  shape  in  which  the 
notes  are  taken  for  office  computation.  For 
all  kinds  of  rough  and  preliminary  work, 
too,  where  it  is  desired  to  obtain,  with  but 
little  outlay  of  time,  an  approximate  esti- 
mate of  the  '^  lay  "  and  extent  of  a  tract  of 
land,  and  for  reconnoitering,  it  stands  with- 
out a  rival,  for  by  its  aid  a  line  can  be  run 
through  the  woods  without  felling  any  of 
the  trees  which  intercept  the  view,  and  no 
back  sight  nor  base  are  necessary,  beyond 
those  which  the  magnetic  meridian  itself 
furnishes.  In  a  word,  it  admits  of  super- 
ficial  work  in  association  with  a  sufficient 
degree  of  accuracy  for  approximate  pur- 
poses, which  instruments,  like  the  transit 
and  theodolite,  do  not.  It  is,  when  it  be- 
comes necessary  to  lay  out  or  survey  with 
accuracy  a  large  body  of  land;  to  range 
long  lines  and  turn  angles,  that  the  compass 
proves  itself  a  worthless  auxiliary,  and  loses 
signally  its  great  advantage  of  rapidity,  for 
the  work,  where  checking  at  first  has  to  be 
tediously  wrought  into  shape  by  successive 
approximations,  the  first  locations  being 
merely  trial  lines,  from  which  the  true  ones 
must  be  deduced — a  work  of  some  diffioul- 
ty,  since  lines  run  with  Ihe  compass  can 
never  be  quite  straight. 

In  using  the  compass  abundant  time 
should  be  given  for  the  needle  to  settle.     It 
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should  be  borne  Iq  mind  also,  that  the  cen- 
ter of  the  compass,  unlike  the  transit,  is  not 
necessarily  directly  over  a  certain  point 
when  a  plumb  line,  suspended  under  the 
tripod  head  drops  upon  it,  for  the  ball  and 
socket  of  the  compass  is  so  high  above  the  tri- 
pod head,  that  the  centre  of  the  instrument 
may  be  carried  considerably  to  one  side  or 
another  of  the  given  point.  In  ordinary 
compass  work,  however,  this  is  a  matter  of 
little  consequence. 

In  running  out  lines  with  a  certain  bear- 
ing, the  vernier  may  be  advantageously 
used.  Thus,  to  locate  N.  12°  23'  E.,  set 
the  vernier  23'  to  the  left,  i.  e.,  as  if  for 
westerly  variation,  and  run  N.  12°  E.  by 
the  needle. 

In  taking  the  bearing  of  a  certain  given 
line,  the  manipulation  of  the  vernier  is  so 
tedious,  that  its  use  is  generally  abandoned 
by  surveyors. 


SUB-AQUATIC  TUJINELS. 

From  "  The  Builder." 

The  anticipated  success  of  a  well-design- 
ed, though  cheap  and  simple,  tabular  drift- 
way under  the  be  J  of  the  Thames,  has  at- 
tracted a  considerable  share  of  public  atten- 
tion to  the  subject  of  subterranean,  or  sub- 
aquatic,  communication.  The  idea  of  a  tun- 
nel, indeed,  has  been  rendered  so  familiar  to 
the  inhabitants  and  to  the  visitors  of  Loi- 
don  by  the  convenient  service  of  the  Metro- 
politan Railway,  that  persons  who  are  de- 
void of  the  slightest  idea  of  the  difficulties 
with  which  the  engineer  has  to  contend, 
from  the  moment  when  he  bids  farewell  to 
open  daylight,  come  to  speak  of  a  tunnel  as 
a  very  ordinary  piece  of  work,  and  gravely 
discuss  the  feasibility  of  a  structure  of  this 
nature,  of  the  modest  length  of  30  miles,  and 
at  a  level  dipping  some  hundreds  of  feet  be- 
neath the  bottom  of  the  Straits  of  Dover. 

Mr.  Barlow's  success,  we  trust,  is  now 
beyond  doubt.  Of  the  1,320  feet  demand 
ed  for  his  driftway,  he  has  already  safely 
constructed  upwards  of  1 ,000  feet ;  and  the 
tube,  advancing  from  a  shaft  on  the  north- 
em  bank  of  the  Thames,  has  been  pushed 
beyond  low-water  mark  on  the  opposite 
shore.  In  his  letter  published  a  few  days 
since,  Mr.  Barlow  asserts  that  the  very 
moderate  estimate  of  16,000  pounds  for  the 
entire  work  will  not  be  exceeded.  Should 
this  prove  to  be  actually  the  case,  there  can 
be  little  doubt  of  further  demand  on  the 
Akill  of  so  economical  an  engineer.     But 


the  reason  for  which  it  occurs  to  vs  tbt  it 
b  most  important  that  the  public  sUiU 
not  be  mitfinfortiied  as  to  the  actvil  nk% 
and  difficulties  against  which  the  engiaeer 
of  a  tunnel  has  to  provide,  is  as  foUt»v8: 

In  all  normal  times  of  engineenng  actiri- 
ty,  a  marked  and  novel  success,  eapeeiaUj  if 
it  be  a  financial  success,  is  apt  to  forte  t 
heavy  aftercrop  of  more  or  less  linilar 
schemes.  In  these  cases  it  too  oftci  foUovt 
that  the  modest  anxiety  and  patient  fore- 
thought which  have  led  to  the  first  triaspk 
are  altogether  discarded  by  those  who  nuk 
to  follow  in  the  same  path.  B  has  tunnel- 
ed under  the  Thames ;  therefore  G  and  D 
will  fight  for  authority  to  tunnei  under  tke 
Mersey,  and  E  and  F  to  tunnel  under  tk 
Channel.  Talk  of  the  latter  project  as  wild, 
and  its  supporters  will  point  with  triiuipk 
to  the  little  adit  by  the  Tower. 

Tunneling,  indeed,  is  not  an  inventioa  «f 
the  present  day,  nor  of  the  present  eentnrj. 
That  great  engineering  people,  to  the  iniv- 
ence  of  whose  institutions  we  owe  so  nvek 
of  the  very  framework  of  modern  civilin- 
tion,  wrought  tunnels  which  endure  to  tkt 
present  day.  Two  thousand  two  hundred 
and  sixty-four  years  ago,  the  miners  of  Fv- 
rius  Camillus  drove  the  famous  EmtsutriMm 
through  a  part  of  Mount  Alba,  and  upped 
the  swelling  waters  of  the  lake  of  that  name. 
Etruscan  science,  on  this  occasion,  directed 
Roman  energy.  But  the  tufa  of  Italy,  t 
material  which  behaves  under  the  pick  o( 
the  miner  in  a  mode  very  similar  to  tke 
English  chalk,  is  bored  and  drilled  witk 
shafts,  and  adits^  and  lofty  tunnels,  in  ill 
directions.  The  gallery  of  Posilippo  is  &- 
miliar  to  every  visitor  of  Naples.  The  cu- 
rious system  of  galleries  and  caverns  knovn 
by  the  name  of  the  Grotto  of  the  Sibyl,  dates 
from  a  remote  antiquity.  Whether  it  were 
from  an  observance  of  hydraulic  laws,  from 
want  of  a  trustworthy  material  for  pipes,  or 
from  the  conviction  that  the  steady  no- 
checked  action  caused  by  gravitation  was 
best  suited  for  the  permanence  and  parttj 
of  a  water-supply,  we  need  not  now  pause  to 
inquire.  But  certainly  a  knowledge  of  the 
engineering  works  of  ancient  Italy  might 
have  taught  the  English  predecessors  of 
Brunei  more  than  they  ever  knew  aboat 
tunneling. 

The  school  for  tunneling  in  England  his 
been,  of  course,  underground.  In  our  mines, 
especially  in  our  coal  mines,  the  problea 
of  constructing  subterranean  galleries  his 
long  been  solved.     In  certain  districts,  tack* 
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for  instance,  as  tbat  of  the  Peak,  in  Derbj- 
flliire,  vast  natural  caverns  open  out  in  the 
living  rock,  giittering>  when  lighted  np  by 
the  miner's  torch,  with  sparkling  stalactites, 
accessible,  in  places,  only  by  narrow  and 
low-roofed  passages ;  and  at  times  traversed, 
or  occupied,  by  rivers,  which  long  borrow 
from  the  light  of  day.  In  one  Derbyshire  cav- 
ern a  river  precipitates  itself  down  an  unfa- 
thomable abyss,  and  what  becomes  of  the 
water  is  unknown. 

But  with  all  our  practices  as  to  mining, 
and  all  our  acquaintance  with  natural  sub- 
terranean galleries,  the  progress  of  the  tun- 
nel engineer  was  slow  in  this  country,  until 
the  exigencies  of  the  line  selected  by  Ste- 
phenson for  the  London  and  Birmingham 
Railway  led  to  the  simultaneous  construc- 
tion of  four  wide  and  lofty  tunnels,  of  di- 
mensions before  rarely  attempted.  It  is 
tme  that  the  method  of  piercing  the  bar- 
rier that  divided  valley  from  valley  had 
been  pointed  out,  no  less  than  the  main  di- 
rections of  the  best  line  of  communication 
had  been  indicated,  by  Telford.  The  Grand 
Junction  Canal  was  the  pioneer  and  guide  of 
the  London  and  Birmingham  Railway.  But 
the  canal  tunnels  were  reduced  to  the  mini- 
mum cross  section.  They  admitted  a  canal 
boat,  with  the  depth  of  water  requisite  to 
float  it,  and  no  more.  In  the  earlier  tun- 
nels the  boats  were  propelled — or,  we  might 
Bay,  coaxed  through — by  the  barbarous  and 
painful  expedient  of  the  boatman's  lying  on 
his  back  and  pressing  his  feet  alternately 
against  the  roof  of  the  tunnel. 

In  the  case  of  the  Thames  and  Medway 
Canal,  a  tunnel  of  larger  dimensions  was 
cut,  through  the  chalk,  at  Rochester.  A 
narrow  tow-path  was  formed,  in  this  in- 
stance, by  the  side  of  the  water-way.  In 
that  tunnel,  of  some  2,000  yards  long,  the 
chalk  in  some  places  gave  way,  and  lofty 
caverns  diversified  the  usual  elliptic  section 
of  the  arch,  which  in  only  a  few  places,  was 
protected  by  brickwork.  When  the  Graves- 
end  and  Rochester  Ruilway  was  laid  through 
this  tunnel,  the  Government  Inspector, 
Lieut.-Gen  Sir  C.  Pasley,  satisfied  himself 
of  the  solidity  of  the  chalk  roof  by  the  mil- 
itary expedient  oi firing  at  it  from  a  mortar. 
He  only  used,  however,  wooden  plugs. 

The  Kilsby  tunnel  was  the  scene  of  a  most 
protracted,  and  for  a  long  time  a  precarious, 
struggle  of  Robert  Stephenson,  with  the 
great  enemy  of  the  tunnel  miner — water. — 
So  long  and  so  continuous  was  the  influx, 
and  80  far  were  the  methods  at  first  employ- 


ed from  being  adequate  to  keep  it  under, 
that  the  abandonment  of  thp  work  was  at 
one  time  all  but  resolved  upon.  A  quick- 
sand full  of  water  had  been  tapped  by  the 
tunnel,  and  till  this  was  emptied,  satisfac- 
tory progress  was  impossible.  Notwith- 
standing the  increased  command  of  steam 
and  of  mechanical  power  which  the  last 
thirty-five  years  have  placed  at  the  command 
of  the  engineer,  the  experienced  man  will 
yet  even  now  look  grave  at  the  prospect  of 
tunneling  through  a  hill  that  is  likely  to  be 
wet,  unless  he  can  allow  of  the  tapping  of 
the  springs,  and  the  bleeding  of  the  internal 
lake,  by  gravitation. 

In  this  contest  with  the  water  at  Kilsby, 
Robert  Stephenson  could  indeed  avail  him- 
self to  some  extent  of  the  experience  gained 
by  Sir  Mark  Brunei  and  his  assistants  in 
their  long  struggle  with  the  Thames.  But 
the  Thames  Tunnel  was  unlike  any  other 
work.  It  was  long  considered,  deservedly, 
and  is  still  ranked  by  foreigners,  as  one  of 
the  wonders  of  the  world.  Skill,  patience, 
energy,  enough  to  have  reared  a  monument 
of  the  loftiest  dimensions,  were  buried  in 
that  horrible  mine.  Engineer  after  engi- 
neer was  knocked  up  by  labor,  by  damp,  and 
by  the  ill  effects  of  the  deposit  of  the  Lon- 
don sewage  in  the  bed  of  the  river.  But 
the  Thames  Tunnel  was  a  work  per  se, — a 
marine,  or  rather  river,  work,  under  most 
unfavorable  circumstances,  rather  than  a 
tunnel  proper.  The  normal  idea  of  the  lat- 
ter work  is  that  of  boring  through  the  earth. 
The  material  may  vary ;  props,  and  struts, 
and  polling  boards  may  be  more  or  less  con- 
stantly required;  water  may  pour  in,  and 
necessitate  constant  pumping ;  but  these 
are  the  accidents  of  the  case  (and  very  un- 
pleasant accidents  they  are).  They  are  not 
essential  or  constant  obstacles  to  the  boring 
through  of  a  rocky  or  chalky  barrier.  Earth , 
or  rock,  is  the  natural  bed  of  the  ordinary 
tunnel.  But  Sir  Mark  drove  through  shift- 
ing mud.  The  square  platform  which  grew 
together,  brick  by  brick,  as  his  many-parti- 
tioned shield  was  driven  forward,  was  often 
within  but  a  few  feet  of  the  bed  of  the 
Thames.  It  is  even  probable  that,  had  the 
problem  been  affronted  in  the  first  instance, 
the  engineer  would  rather  have  preferred  to 
construct  a  double  brick  arch,  working  from 
one  end,  through  nothing  but  water,  than  to 
deal  with  the  ever-varying  difficulties  of  mud, 
and  silt,  and  clay,  and  wholesale  inpour  of 
the  tide. 

Indeed,  Mr.  Barlow  claims  for  his  welK 
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considered  and  simple  shield,  the  merit  that 
it  would  be  so  adjusted  as  to  drive  a  tube 
ahead  through' water.  It  is  far  from  being 
impossible  that  such  a  procedure  should  be 
carried  out. 

In  the  case,  however,  of  the  actual  sub- 
way, the  chief  point  to  note  is,  that  a  wise 
provision  has  been  exercised  in  fixing  the 
level  of  the  work  so  deep  in  the  London 
clay  that  not  a  drop  of  water  has  entered 
the  drift-way.  That  necessary  for  the  pur- 
poses of  the  work  has  been  send  down  the 
fihaft.  In  fact,  though  no  engineer  would 
have  felt  justified  in  making  the  experi- 
ment, there  is  little  doubt  that  the  simple 
expeJieut  of  mining  through  the  clay  at  the 
same  level,  '*  polling  **  the  drift- way,  and 
following  the  miners  by  a  gang  of  bricklay- 
ers, who  should  have  turned  a  brick  and  a 
half  ring  round  the  aperture,  would  have 
met  with  uninterrupted  success.  The  one 
thing  necessary  in  a  case  where,  as  in  this 
instance,  no  faults  occurred  in  the  clay, 
would  have  been  to  keep  up  such  a  rapid 
rate  of  progress  that  the  arch  should  always 
have  been  keyed  in  before  the  clay  began  to 
'^  creep."  How  certaiu,  and  how  formida- 
ble, that  creeping  action  is,  Mr.  Stephenson 
had  ample  proof  in  the  Primrose-hill  Tun- 
nel. Under  the  influence  of  the  successful 
experience  of  the  Watford  Tunnel,  driven 
for  the  most  part  through  solid  chalk,  the 
originally  designed  invert  of  the  Primrose- 
hill  Tunnel  was  countermanded.  But  the 
clay  betook  itself  to  fill  up  the  hole  drilled 
through  its  bowels  ;  and  the  invert  had  to 
be  put  in,  in  very  much  of  a  scramble  after 
all. 

Men  familiar  with  this  description  of  work 
looked  with  a  sort  of  amused  surprise  at  the 
rose-colored  statements  which  from  time  to 
time  appear  in  the  public  journals  as  to  a 
•*  Channel  Tunnel."  They  do  not  say  that 
such  a  work  is  impossible.  They  do  not 
even  care  to  form  a  distinct  opinion  on  that 
head.  But  they  are  very  well  contented 
with  the  applicability  of  the  proverb,  **  Le 
jeu  ne  vaut  pas  la  chandeUe,^^ 

A  better  communication  with  France  is 
no  doubt  both  extremely  desirable  and  per- 
fectly feasible.  Our  present  mode  of  transit, 
obnoxious  as  it  is  to  the  majority  of  our- 
selves, islanders  as  we  are,  and  still  more 
miserably  and  terriffically  ^obnoxious  (to 
judge  from  their  countenances  on  deck)  to 
most  of  our  Continental  neighbors,  is  hardly 
up  to  the  requirements  of  the  day.  A  safe, 
speedy,   regular   transit,  free   from   doubt. 
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wt  six  feet  high  and  wide.  Is  it  to  be  tim- 
bered, or  arched,  or  lined  with  iron  ?  As 
ike  meeting  from  the  two  ends  would  be  a 
Iking  forbidden  by  the  oalcnlus  of  probabil- 
itieSy  it  will  have  to  be  worked  from  one  ex- 
tremity. As  we  get  on — say  beyond  the 
twentieth  mile,  how  will  the  miners  be  sent 
ia  to  their  daily  work  ? — how  supplied  with 
air  Or  materials  ? — how  will  the  excavated 
dbalk  be  sent  back  to  land  ? 

GrallerieH  in  chalk  are  infested,  as  miners 
are  well  aware,  with  choke-damp.  Wh«tt 
woald  be  the  quantity  of  choke-damp  that 
would  exude  from  280,000  superficial  yards 
of  ohalk  surface  (when  the  drift-way  had  ad- 
▼mnoed  only  twenty  miles),  and  how  would 
it  be  withdrawn  ? 

Water  infiltrates  through  chalk.  A  very 
small  head  of  water  will  cause  infiltration 
for  a  considerable  distance.  Where  bands 
of  flint  occur  they  act  like  layers  of  sponge. 
All  the  welb  in  Strood,  within  a  considera- 
ble distance  of  the  Thames  and  Medway  Ca- 
nal, were  rendered  salt  by  infiltration  through 
the  chalk,  when  the  brackish  water  of  the 
Medway  was  admitted  into  the  canal ;  and 
the  eompany  had  to  pay,  and  did  pay,  heavy 
damages  in  consequence.  What  would  be 
the  infiltration  through  the  gray  chalk  due 
to  the  pressure  of  the  water  of  the  Channel  ? 
What  would  be  the  difference  between  the 
exudation  from  the  280,000  yards  of  surface 
at  high  tide  and  at  low  tide  ?  How  would 
the  water,  on  its  most  modest  estimate  of  its 
rate  of  infiltration  (which  by  the  by,  would 
increase  de  die  in  diem),  be  removed  ?  A 
few  of  these  practical  questions  must  be  an- 
swered before  we  can  undertake  to  speak, 
with  any  idea  of  serious  investigation,  as  to 
the  prospects  of  the  Channel  Tunnel. 

But  we  are  not  limited  to  one  scheme. — 
Their  name  is  legion.  One  amateur  propo- 
ses the  formation  of  an  embankment  across 
the  Channel,  the  top  to  be  some  30  feet  below 
low- water  mark.  Rails  are  to  be  laid  on 
this  embankment  (which  is  kept  down  for 
the  benefit  of  navigation),  and  long-legged 
carriages,  of  novel  structure,  are  to  run 
backwards  and  forwards  over  the  submarine 
railway.  We  should  like  to  let  the  laying 
of  the  permanent  way  to  the  projector. 

Another  gentleman  proposes  a  floating 
tabular  tunnel.  It  is  to  be  moored  at  cer- 
tain distances  by  chains.  The  process  of 
anchoring  and  straining  the  chains  at  the 
bottom  of  the  Channel  would  be  highly  inter- 
esting. Supposing — ^not  to  make  two  bites 
of  a  cherry — the  tube  complete,  moored  and 


at  work.  What  a  grand  idea  to  think  that 
the  whole  service  of  the  Continent,  and  the 
lives  of  all  who  happened  to  be  at  any  time 
in  a  structure  that  recalls  the  legend  of  Ma- 
homed's coffin,  would  be  at  the  mercy  of  a 
beggarly  gun-boat,  or  a  mbchievous  tor- 
pedo ! 

In  fact,  we  warn  our  friends,  when  called 
on  for  subscriptions  for  a  Channel  bridge,  or 
tunnel,  or  hybrid  between  the  two,  to  but- 
ton up  their  pockets,  and  wait.  The  limits 
of  the  service  of  the  engineer  are,  no  doubt, 
rather  financial  than  physical.  The  limits 
of  speculative  imagination  appear  to  be 
equally  removed  from  the  barriers  of  pru- 
dence and  from  those  of  experience. 

Returning  for  a  moment  to  the  Tower 
subway,  we  would  mention  that  the  work  has 
been  carried  forward  by  the  advance  of  a 
tabular  wrought-iron  shield,  about  8  ft.  in 
diameter,  which  is  so  constructed  as  to  form 
a  close  bulkhead  in  case  of  need.  As  this 
shield  is  pushed  forward  by  screws,  the  ex- 
cavators opening  out  the  ground  for  a  few 
feet  in  advance,  the  permanent  tube  of  the 
subway  is  fitted  into  place  behind  it,  being 
cast  in  18-inch  lengths,  each  consisting  of 
four  segments ;  three  of  which  are  of  equal 
size,  and  the  fourth  is  a  mere  key -plate,  14 
in.  or  15  in.  wide.  Length  by  length  these 
narrow  plates  are  bolted  on  the  face  of  the 
tube,  being  protected,  until  firmly  fixed,  by 
the  shield.  The  introduction  of  the  narrow 
wedge-piece  has  proved  a  great  facility  in 
fitting  together  the  segments  of  the  tube. 

The  internal  diameter  of  the  completed 
tube  is  7  feet.  A  narrow  railway  will  be 
laid  throughout,  and  the  passengers,  being 
lowered  down  the  shaft  by  a  vertical  hoist, 
will  be  carried  through  the  subway  in  an 
omnibus  specially  constructed  for  the  pur- 
pose, propelled  partly  by  gravity  and  partly 
by  haulage  by  a  stationary  engine.  A  cu- 
rious feature  in  the  actual  construction  of 
the  tunnel  b  the  filling  up  of  the  small  space, 
excavated  outside  of  the  tube,  with  blue  lias 
grout.  A  hole  is  left  in  each  plate,  and 
through  this  the  grout  is  driven  by  a  large 
syringe  until  the  aperture  is  completely  full. 
The  mixture  dries  so  rapidly  that  it  is  un- 
necessarv  to  plug  up  the  holes  on  the  remo- 
val of  the  nozxle  of  the  squirt.  How  far 
that  irresistible  oxidation  of  the  iron  (by 
absorption  from  the  grout),  of  which  we  have 
recently  seen  such  a  striking  instance  in  the 
tomb  of  King  Henry  VII,  will  proceed,  re- 
mains to  be  seen.  It  seems  almost  a  penny- 
wbe-and-pound-foolbh    proceeding  not    to 
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have  enameled,  galvanized,  or  otherwise 
protected,  the  inaccessible  exterior  of  the 
tube  from  a  very  formidable  danger  which 
there  is  no  means  of  detecting  until  it  is  too 
late.  Mechanically  considered,  the  injec- 
tion of  the  grout  is  admirable.  Chemically 
regarded,  we  fear  that  the  same  cannot  be 
said. 

We  avail  ourselves  of  the  opportunity  to 
call  the  attention  of  all  managers  of  tunnels, 
mines,  and  similar  works,  to  the  immense 
facility  afforded  to  the  work  by  the  use  of 
the  electric  telegraph.  A  constant  and  in- 
stantaneous communication  is  kept  up  by 
the  wires  between  the  engine-driver  and  the 
face  of  the  work.  Lowering  and  raising  of 
materials,  and  admission  of  air  by  the  fan- 
blast,  are  thus  precisely  directed  by  the 
foreman  on  the  work  itself.  The  sense  of 
confidence  that  would  be  inspired  in  any  case 
of  danger  by  the  possession  of  this  mode  of 
communication  would  be  beyond  all  price. 


THE  MANUFACTURE  OF  RAIL& 

From  ft  paper  bj  Mr.  E.  Willia.x8,  before  the  Iron 
and  Steel  Iiutitaie,  and  the  disoosaion  following. 

In  this  paper  Mr.  Williams  stated  that  he 
proposed  to  give  as  concisely  as  he  could  the 
opinions  he  entertained  as  to  rails,  and  to 
consider,  from  the  stand-point  of  a  rail- 
maker,  the  several  kinds  of  rails  in  use,  the 
merits  and  demerits  of  each,  together  with 
the  processes  of  manufacture  generally  used. 
The  paper  said :  The  rails  of  to-day  are  of 
two  distinct  kinds — those  made  from  ingots 
and  those  built  up;  and  it  must  be  admitted 
that — questions  of  cost  and  possible  supply 
not  considered — ingot-made  rails  are  best. 
We  are  in  the  habit  of  describing  the  two 
kinds  as  steel  rails  and  iron  rails — a  des- 
cription obviously  incorrect — because  the 
Bessemer  rails  now  making  have  a  per- 
centage of  carbon  much  lower  than  that  of 
steel  proper  as  we  used  to  know  it.  Besides, 
it  is,  so  far  as  I  know,  impossible  to  define 
when  iron  ends  and  steel  begins.  It  will 
then  be  as  well  to  call  the  two  divisions 
ingot  rails  and  piled  rails. 

For  many  years  makers  of  iron  by  the  old 
processes  have  desired  and  endeavored  to 
produce  ingots  or  blooms,  each  from  a  single 
puddled-ball,  that  would  roll  into  rails. 
This,  if  it  could  be  done,  would,  I  have  no 
doubt,  make  rails  equal  to  any  ever  made ; 
but  the  difficulties  seem  insuperable.  Pud- 
dled-balls  of  sufficient  size  have  been,  and 
may  be  obtained ;  but  it  appears  impossible 


to  produce  moderate  compactness  of  Aiii 
without  more  work  upon  it  than  u 
in  one  operation.     I  have  come  to^< 
elusion,  though   most  unwillingly,  ^m 
shall  not  succeed  in  producing  by  jiiiA^ 
workable,  unwelded,  solid  bloonu  si^» 
far  as  our  present  knowledge  extends,  inA 
cheap  enough  to  make  rails  on  a  r  (!■■■■ 
able  scale  are  only  to  be  obtained  hj  Ai 
Bessemer  process.      Whether  or  Mt  Ai 
Siemens-Martin  process     can    compete,  ii 
point  of  cheapness  of  production,  wA  Ai 
Bessemer  process,  is  as  yet  unprored,  aii 
the  question   need   not   arise  here.    It  ii 
sufficient  now  to  know  that  both  eaa,  wAr 
out  doubt,  produce  ingots  that  roll  into  nab 
without  much  difficulty,  and  that  W9xk  nk, 
being  free  from   the  possibility  of  hmm' 
tion,  must  be  more  enduring  than  hoik^ 
or  piled  rails,  however  carefdlly  made,   a 
is  not  unlikely  that  farther  experience  b^ 
determine   the    precise    constitution  vb^ 
should  have  to  produce  the  most  eiidiira| 
rails,  but  at  present  this  is  matter  of  ofom 
only.     The  freedom  from  welds  aad  Uy» 
is  an  enormoos  advantage,  and  the  lie  if 
ingot  rails  will,  I  feel  sure,  go  on  inereiiiig; 
though  the  rate  at  which  they  will  psikpflei 
rails  out  of  existence  must,  of  eovse,  it 
pend  on  the  relative  costs. 

If  the  phosphorus  difficulty  could  be  fit 
over,  and  the  cheap  pigs  of  the  ClerelM 
district  were  available  for  the  Besvener 
process,  there  would  be  so  great  a  reductiot 
of  cost  that  ingot  rails  would  be  almost  u 
cheap  as  piled  ones,  and  the  latter  mn^t  it 
once  give  way ;  but  there  is  not  at  presest 
any  good  ground  for  expecting  that  suik  i 
change  is  near,  and  I  see  no  reason  to  n^ 
pose  that  for  some  time  to  come  ingot  rtib 
will  become  anything  like  universally  used, 
because  of  their  price.  The  removal,  m 
February  next,  of  the  bulk  of  the  pre!«eDt 
Bessemer  royalty-charge,  will,  no  dosltt, 
reduce  the  selling  prices  of  ingot  rails ;  bat 
I  am  mistaken  if,  after  all,  they  can  be  pro> 
duoed  so  as  to  be  sold  within  40b.  or  d^ 
per  ton  of  the  average  selling  price  of  good 
piled  rails,  the  life  of  which,  in  the  ordinirr 
portions  of  a  heavily-worked  railway,  woild 
be  about  fifteen  years.  For  the  very  severe- 
ly-worked places  ingot  rails,  at  almost  aij 
moderate  extra  price,  are,  of  course,  beit. 

Strenuous  efforts  have  been  made  hj 
nearly  all  the  great  iron  makers  eTcrywhere 
to  produce  steel  topped  rails,  which,  it  vu 
hoped,  would  be  much  more  lasting  than  the 
usual  piled  iron  rails,  and  less  costly  tksi 
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^i|Di  rails.  Puddled  steel  seemed  to  offer 
~  iidbeap  and  good  material  for  this,  and  after 
Ipaie  difficulty  to  begin  with,  it  was  produc- 
lii  of  uniform  quality.  It  is,  no  donbt,  a 
JVmlerial  capable  of  resisting  well  the  wear 
Mid  tear  of  railway  stock,  but  it  could 
•Buroely  be  welded  at  all,  and  as  it  could  not 
ke  obtained  in  solid  blooms  of  the  rail  size, 
Ike  system  failed  and  has  been  abandoned, 
kl  ibis  country  at  least,  entirely.  That 
Bessemer  steel  slabs  can  by  great  care  and 
■Uil  be  so  fastened  to  iron  as  to  make  rails 
tbat  will  wear  well  is  proved  by  the  instances 
of  the  rails  supplied  to  the  Edinburgh  and 
Olmsgow  Railway  and  to  the  Swedish  Gov- 
•fc'tement.'  Probably  there  have  been  some 
Oikcr  instances  also,  but  I  do  not  expect  to 
find  such  rails  coming  into  general  use,  be- 
eause  of  the  difficulty  of  welding  on  the 
sleel  plate,  which  is  not  much,  if  at  all,  less 
than  that  of  the  puddled  steel  before  spoken 
of.  It  need  not  be  told  to  this  meeting  that 
oteel,  however  mild,  will  only  stand  a  com- 
paratively low  heat,  while  iron,  to  weld  at 
all,  must  have  a  high  one.  Giving  the  steel 
top  a  mechanical  grip  is,  no  doubt,  to  make 
the  best  job  possible,  but  the  channel  steel 
■lab  has  the  disadvantage  that  the  horns 
prevent  the  escape  sideways  of  the  super- 
fluous cinder,  which  at  best  interposes  too 
mach  between  the  layers  to  be  welded  to- 
l^ther.  This  could  not  fail  to  produce  faulty 
welding,  which  the  traffic  of  an  English 
railway,  such  as  the  North- Eastern,  would 
oertainly  bring  to  light  despite  the  mochani- 
eal  fastening. 

So  far  as  I  can  see,  then,  the  only  choice 
as  to  rails  lies  between  those  made  from  in- 
gots and  piled  ones,  and  in  the  uncertainty 
as  to  the  Siemens-Martin  process  it  may  be 
assumed  that  the  Bessemer  process  will 
supply  the  former.  I  do  not  desire  to  con- 
vey any  doubt  or  even  opinion  as  to  the 
practical  value  of  the  Siemens-Martin  pro- 
eess  ;  but  it  is  not  yet,  in  England  at  least. 
Id  operation  for  rail  making  on  more  than 
an  experimental  scale,  and  it  is  therefore 
uncertain  what  proportion  of  the  rail  ingots 
of  the  future  it  will  supply.  The  present 
price  of  ingot  rails  is  about  £10  per  ton  for 
usual  flange  sections,  and  it  is,  I  believe,  the 
fact  that  this  is  not  remunerative.  After 
February  next  makers  will  save  most  of  the 
royalty  for  patent  right,  and  it  may  be  as- 
sumed that  rails  will  go  down  say  to  £9  per 
ton.  While  ingot  rails  are  at  anything  like 
this  price,  good  piled  rails,  the  average  sell- 
log  price  of  which  is  not  £6  lOs.  per  ton, 


and  which,  under  moderate  traffic  would  live 
on  the  average  15  years  or  more,  will,  I 
helieve,  hold  their  ground  and  be  in  demand. 
I  wibh  to  muke  it  clear  that  my  remarks 
apply  only  to  good  iron  rails;  the  very 
lowest  kind  is  only  bought  by  those  who 
give  themselves  no  concern  as  to  quality, 
and  first  cost  will  in  such  cases  be  the  only 
considerations. 

It  is  not  unfrequently  asserted  that,  as  a 
rule,  the  rails  (of  course  all  piled  rails)  of 
twenty  years  or  so  ago  were  of  a  more  en- 
during kind  than  those  supplied  now,  and  I 
think  there  is  some  truth  in  the  accusation. 
It  must  not,  however,  be  forgotten  that  the 
duty  imposed  on  rails  now  is  very  much  in 
excess  of  that  they  had  to  bear  in  the  early 
days  of  railways  ;  and  that,  therefore,  mer& 
length  of  life  is  not  a  correct  standard  by 
which  to  measure  their  quality.  As  the 
weight  upon  the  rail  increased,  engineers 
and  manufacturers  simultaneously  adopted 
the  use  of  more  fibrous  iron  as  a  preventive. 
Still  every  now  and  then  a  rail  would  break 
despite  the  extra  endeavor  to  prevent  it, 
and  notwithstanding  the  heavy  and  heavier 
tests  which  rails  were  required  to  stand. 
This  has  gone  on  for  many  years  until  not  a 
few  of  the  specifications  framed  by  engineers, 
certainly  with  the  view  of  ensuring  ex- 
cellence of  quality,  bring  about  the  reverse, 
because  to  meet  them,  rails  are  made  of 
fibrous,  and  therefore  difficult  welding  iron, 
at  an  increased  cost,  and  less  serviceable 
than  those  made  after  a  simpler  system. 
Even,  after  all  the  additional  cost  and  the 
diminished  value  of  the  tougher  raib,  there 
is  an  occasional  breakage  (as  there  is  also 
now  and  then  a  breakage  of  ingot  rails),  and 
I  am  of  opinion  that  it  will  be  so,  despite 
all  possible  care,  and  irrespective  of  price. 

We  all  know  that  a  percentage  of  piles 
or  ingots  heated  are,  even  by  the  best  work- 
men, so  over-heated,  at  some  stage  or  other, 
that  they  fall  into  pieces,  or  become  torn  in 
the  rolls;  there  are  also,  no  doubt,  some 
which  are  heated  a  shade  short  of  this  point, 
and  just  hold  together,  but  are  almost  as 
brittle  as  porcelain  when  finished.  This 
occurs  while  the  great  bulk  of  the  rails  are 
abundantly  strong,  and  I  do  not  see  how 
any  system  of  testing  can  detect  the  un- 
fortunate instances.  They  cannot  under 
any  tolerable  supervision  be  more  than  a 
small  proportion — under  good  watching  very 
small — but  I  am  afraid  they  will  always  be 
a  proportion,  as  there  is  in  the  case  of  cruci- 
ble steel  tyres,  which  cost  eight  or  ten  times 
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-  iftils  of  that  character  could  be  had  at  £9 
^  fu  ton.  So  far  as  he  had  been  able  to  as- 
fpfftAin,  rails  had  been  at  very  nearly  that 
z  priee  for  a  considerable  time,  and  the  ma- 
writy  of  the  steel  rail  masters  were  looking 
PDrward  to  the  time  when  the  royalty  would 
be  redaced,  that  they  might  be  able  to  re- 
eoup  themselves  for  the  expenditure  they 
liad  had  on  their  works. 

Mr.  Walter  Williams  (Tipton)  briefly  de- 
seiibed  the  manner  in  which  rails  were 
manufactured  on  the  Continent,  especially 
in  Russia.  He  had  seen  from  a  12  in.  pile 
zmil  finished  at  one  heat,  the  head  crystalline 
and  the  flange  fibrous.  If  they  were  able 
with  their  common  puddled  iron  to  make 
ndls  that  stood  the  test  that  our  iron  stood, 
there  must  be  really  something  in  the  first 
process.  The  rails  were  rolled  out  at  the 
rate  of  one  a  minute — 100  revolutions  were 
attained  by  the  rolls — with  perfect  crystal- 
line top  and  fibrous  bottom.  The  welding 
must  be  perfect,  or  the  defect  would  evince 
itaelf  in  the  crystalline  top.  The  iron  was 
similar  in  quality  and  character,  and  if  they 
were  able  to  do  it  there,  it  must  be  possible 
to  do  it  here. 

Mr.  Hopkins  (Middlesbrough),  as  one 
practically  connected  with  the  manufacture 
of  rails,  presumed  the  author,  in  condemn- 
ing the  system  of  excessive  testing,  applied 
hie  remarks  especially  to  double-headed  rails. 
If  so,  he  entirely  agreed  with  him.  Prac- 
tically, a  lighter  test  was  sufficient  to  secure 
a  thoroughly  good,  general  wearing  rail,  and 
a  rail  that  would  stand  the  traffic  of  any 
railway.  As  regarded  the  rail  with  wearing 
head  and  flange  foot,  to  make  a  bearing  on 
the  sleeper,  a  much  heavier  test  could  be 
applied  than  in  the  case  of  double-headed 
rails ;  for  in  the  former  the  fibres  were  at 
the  foot  of  the  flange  of  the  rail,  a  crystal- 
line head  being  still  preserved. 

Sir  William  Armstrong  need  hardly  say 
that,  in  the  manufacture  of  guns  upon  the 
coil  system,  a  perfect  welding  was  of  just  as 
much  importance  as  it  was  in  the  manufac- 
ture of  rails  ;  and  great  attention  had  been 
given  both  at  Elswick  and  at  Woolwich,  to 
the  devisinff  of  a  test  which  should  indicate 
with  some  degree  of  certainty  the  fitness  of 
the  iron  for  the  purpose  of  making  a  perfect 
weld.  The  conclusion  arrived  ut  eventually 
was  this  (and  it  was  arrived  at  both  in  their 
practice  at  Elswick  and  at  Woolwich),  that 
in  proportion  as  the  iron  had  a  steely  char- 
acter, so  in  proportion  it  was  unfavorable 
for  welding.     The  indication  of  its  steely 


character  was  obtained  in  this  way — they 
took  a  specimen  of  the  iron,  heated  it  to  a 
certain  point,  and  then  plunged  it  into  water ; 
if  they  then  found  its  tensible  strength  was 
increased  beyond  a  certain  limit,  it  was  re- 
jected as  unfavorable  for  welding.  That 
iron  welded  most  perfectly  which  underwent 
no  increase  of  strength  in  the  process  of 
hardening.  Almost  all  iron  did  receive  an 
accession  of  strength  similar  to  that  observ- 
ed in  steel  by  the  process  of  plunging  when 
hot  into  cold  water,  though  to  a  less  degree. 
He  had  a  little  difficulty  in  reconciling  what 
he  had  just  stated  with  what  Mr.  Williams 
had  said  in  reference  to  the  constant  re- 
working of  the  iron,  unless  it  did  assume 
something  of  a  steely  character,  which  he 
had  some  difficulty  in  understanding.  Then 
there  was  another  point  on  which  he  might 
speak,  though  with  more  diffidence,  and  that 
was  in  regard  to  the  mode  of  testing  rails. 
The  test  which  was  ordinarily  practiced  of 
selecting  a  particular  rail — ^allowing  a  heavy 
weight  to  fall  upon  it — might  be  very  well 
for  indicating  the  general  character  of  the 
material,  but  it  was  not  at  all  a  proper 
method  of  welding  out  the  rails  which  were 
defective  in  manufacture.  He  did  not  see 
why  there  should  be  any  difficulty  in  expos- 
ing a  rail  to  a  moderate  test  of  that  kind. 
It  would  not  be  difficult  to  devise  some  ap- 
paratus by  which  that  should  be  done  with- 
out any  manual  labor  at  all.  If  the  rails 
were  laid  on  a  moving  machine  and  struck 
with  a  certain  force  which  would  not  en- 
danger a  good  rail,  but  which  would  as 
certainly  break  all  rails  which  were  inher- 
ently bad,  the  end  would  be  answered. 

Mr.  I.  L.  Bell  felt  that  the  quality  of 
rails  generally  had  suffered  materially  from 
the  wish  on  the  part  of  the  buyer  to  obtain 
the  rail  at  far  below  the  cost  at  which  it 
could  be  produced,  and  secondly,  harm  had 
been  inflicted  on  the  manufacturer  by  the 
demand  for  a  species  of  test  utterly  unneces- 
sary and  excessive.  They  had  on  the  North- 
Eastern  Railway  a  groat  number  of  rails 
which  had  worn  uniformly  down  until  from 
absolute  wear  they  had  become  unservice- 
able. It  became  a  most  interesting  question 
to  him  to  know  what  was  the  character  of 
that  iron  which  had  been  better  able  to  stand 
the  wear  and  tear  of  the  railway  than  iron 
which  appeared  to  be  of  a  much  better 
quality.  He  subjected  it  to  an  analysis, 
conducted  by  Mr.  Marreco,  a  very  competent 
person,  who  discovered  not  in  one  instance 
only,  but  in  many,  that  the  rails  were  dis- 
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mmaieur  mechanio,  can  teach  yoang  men  to 
rmtk  a  machine-shop,  or  to  build,  or  even  de- 
wim  steam  engines,  rolling  mills  and  gene- 
nS  machinery,  for  the  following  reasons : 
First — Although  the  strength  of  mate- 

'  riftls*  as  sabjected  to  different  kinds  of  stat- 
ioal  strains,  is  a  matter  of  text-book  infor- 

:  mmtion,  machinery  designed  by  these  lights 
flloMC  always  fails.  There  most  be,  above 
and  beyond  all  tables  and  formalaa,  a  cer- 
taia  mechanical  judgment  as  to  the  proi>or- 
tkms  and  relations  of  parts.  A  bearing 
Ikat  will  carry  a  certain  load  in  a  stationary 
•n^e,  housed,  clean  and  never  overstrain- 
edy  may  be  very  inadequate  to  the  same 
nominal  service  in  a  rolling  mill  or  in  a  lo- 
eomotive,  where  frictions  and  strains  may 
be  excessive.  The  circumstances  of  over 
stress,  exposure,  attendance,  convenience  of 
repairs,  and  other  accidental  conditions 
may  entirely  change  the  designs  of  ma- 
ehines  subjected  to  nominally  the  same  ser- 
Tiee.  Experience  in  construction  has  also 
established  certain  principles  of  departure 
from  general  laws  of  strength.  The  reduc- 
tion of  friction,  and  even  more  notably,  the 
steadiness  and  balance  of  parts,  requires  in 
many  positions  an  excessive  amount  of  ma- 
teriio.  On  the  other  hand,  especially  in 
tlie  case  of  the  machinery  of  transportation, 
experience  has  shown  the  importance  of  re- 
ducing weight  at  the  cost  of  stronger  mate- 
rials and  shapes. 

Secondly — The  principles  of  economy, 
not  only  of  material,  but  of  the  work  put 
upon  it  in  construction  and  in  maintenance, 
must  be  perfectly  familiar  to  the  successful 
mechanical  engineer.  No  matter  how  well 
a  machine  will  perform  its  functions,  if  the 
shape  of  the  parts  is  such  that  they  cannot 
be  cast,  or  wrought,  or  finbhed  by  the  tools 
at  hand,  with  the  least  amount  of  handling 
or  work,  or  if  the  parts  are  so  put  together 
that  they  cannot  be  easily  taken  to  pieces 
for  repairs,  the  machine  is  to  that  extent  de- 
fective. 

It  is,  therefore,  evident  that  mechanical 
engineering  cannot  be  successfully  taught 
by  professors  whose  knowledge  of  machme 
shops  and  foundries  has  been  derived  from 
walking  through  them  with  their  classes. 
Nor  does  it  foUow,  on  the  other  hand,  that 
one  must  serve  an  apprenticeship  at  the  vise 
and  the  lathe  to  acquire  the  principles  of 
mechanical  construction.  There  is,  indeed, 
little  or  no  strictly  educational  literature  in 
these  branches,  but  of  course  there  will  be, 
and  it  will  be  adequate  and  suitable,  as  soon 
Vol.  I.— No.  12.— 72. 


as  the  men,  who  alone  can  produce  it,  are 
called  upon  for  lectures  and  text-books. 
Until  then — until  instructors  are  not  only 
scholars,  but  the  personal  designers  and 
builders  of  success&l  machinerv,  students 
in  mechanical  engineering  had  better  take 
Mr.  Siemens'  advice,  and  simply  master  the 
elementary  principles  of  physics,  dynamics 
and  mathematics,  and  then  go  to  work  in 
drawing  rooms,  foundries  and  machine  shops, 
even  under  the  embarrassment  of  but  par- 
tially utilizing  the  manv  hours  at  the  vise 
and  the  lathe,  which  could  be  more  pn^ta- 
bly  and  economically  devoted,  if  one  had 
more  practical  teachers  in  our  **  practical " 
schools.  Let  no  one  be  deceived  bv  names, 
or  by  proposed  courses  of  study.  The  steam 
engine,  for  instance,  is  the  subject  of  lec- 
tures in  some  of  our  colleges,  that  brings 
the  invention  nearly  down  to  the  time  of 
Watt.  The  training  of  professors  in  me- 
chanics and  engineering  that  has  been  com- 
mercially productive,  as  a  business,  is  the 
test  by  which  the  usefulness  of  their  schools 
may  be  chiefly  determined. 

When  young  men  who  want  to  excel  in 
this  branch  of  industry,  hear  that  experts 
like  Fairbaim,  Corliss,  Whitwortb,  Sellers, 
Wortbington,  Armstrong,  Ramsbottom,  Al- 
len, and  many  other  of  whom  these  are 
types,  are  going  to  lecture  on  steam  and 
general  machinery,  let  them  go  and  listen, 
at  any  cost.  It  may  be  i3&cult,  but  it 
should  not  be  impossible  to  secure  this  kind 
of  talent  and  training  for  our  chairs  of  me- 
chanical engineering.  Few  public  questions 
are  of  more  importance  than  the  proper  in- 
struction, in  this  distinctively  engineering 
age,  of  the  young  men  who  are  crowding 
into  this  profession.  The  managers  of  our 
educational  institutions  are  charged  with  a^ 
grave  responsibility,  and  the  various  men  of 
means  who  are  contemplating  the  endow- 
ment of  schools,  can  hardly  extend  their 
liberality  in  a  more  useful  and  timely  direc- 
tion. 

CABLS  TOWINQ  on  the  river  Heuse,  which 
we  have  heretofore  described,  appears  to 
be  an  entire  success.  All  the  embarrass- 
ments of  swift  current,  varying  depth,  looks 
and  sharp  curves,  appear  to  have  been  over- 
come. Inasmuch  as  it  would  not  interfere 
with  horse-towing,  nor  require  any  change 
in  the  works,  and  since  a  State  expenditure 
of  only  some  $500  per  mile  for  cable  would 
be  required,  we  hope  that,  say,  50  miles  will 
be  at  once  laid  on  the  Erie  canal. 
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at  a  temperature  of  52'',  being  62.877  lbs. 
^r  onbio  foot.  The  90  gallons  supplied  to 
the  injector  would  weigh  898  lbs.,  which, 
added  to  the  46.5  lbs.  resulting  from  the 
eondensation  of  the  steam,  gives  944.5  lbs. 
as  the  weight  of  the  water  delivered.  Mr. 
Boumet  however,  gives  the  quantity  de- 
livered as  100  gallons  at  a  temperature  of 
117^,  and  taking  the  weight  of  water  at 
tiiat  temperature  as  61.7  lbs.  per  cubic  foot, 
this  would  correspond  to  a  weight  of  987 
Ibs.y  or  42^  lbs.  more  than  as  determined 
above.  This  difference  is,  however,  not 
greater  than  might  be  naturally  expected 
in  experiments  of  this  kind,  in  which,  unless 
many  minute  precautions  are  taken,  there  is 
a  considerable  liability  to  small  errors  aris- 
ing from  the  expansion  or  contraction  of  the 
meas'iring  tanks,  etc.  If,  in  the  present 
instance,  we  take  the  larger  quantity,  or  100 
gallons,  as  that  actually  delivered  by  the 
injector,  we  shall  have  16  c.  ft.  of  water  de- 
livered against  a  pressure  of  30  lbs.  per  sq. 
in.,  or  4,820  lbs.  per  sq.  fb.,  this  correspond- 
ing to  the  performance  of  4,320x16  =  69,- 
120  foot-pounds  of  work.  Dividing  this 
nnmber  by  772  (Joule's  equivalent),  we  get 

—  *         =  89.5  as  the  number  of  units  of 

Heat  actually  required  to  perform  this  work. 
But  it  has  been  shown  that  the  steam  ab- 
stracted from  the  boiler  parted  with  50,- 
266.5  units  of  heat,  and  there  therefore 
remains  50.177  units  of  heat  to  be  yet  ac- 
counted for.  But  it  is  stated  that  tne  898 
lbs.  of  water  supplied  to  the  injector  were 
Heated  from  52"^  to  117"^,  and  this  would, 
therefore,  correspond  to  the  absorption  of 
898x65=58,370  units  of  heut,  or  more 
than  sufficient  to  account  for  all  the  heat 
lost  by  the  steam.  We,  of  course,  do  not 
for  a  moment  suppose  that  any  heat  was 
created  in  the  injector,  and  the  fact  that  the 
amount  of  heat  stated  to  be  imparted  to  the 
feed-water  exceeds  by  a  small  amount  that 
lost  by  the  steam,  can  only  be  due  to  some 
errors  of  observation. 

Some  of  Mr.  Bourne's  experiments  were 
conducted  with  the  injector  delivering 
against  both  higher  and  lower  pressures  than 
that  at  which  the  steam  was  supplied ;  in- 
deed, in  one  instance  the  injector,  when  fur- 
nished with  steam  at  20  lbs.  pressure,  was 
made  to  deliver  against  a  pressure  of  100 
lbs.  In  this  case,  however,  the  quantity  of 
water  which  escaped  at  the  overflow  was 
equal  to  80  per  cent  of  that  actually  de- 
livered by  the  instmment.    It  will  be  un- 


Daration  of  experiment. . , . 

Pressure  in  boiler 

Pressure  against  which  water 

was  delivered 

Quantity  of  water  evaporated 
Quantity    of    water    drawn 

from  supply  tank 

Quantity  of  water  delivered 

into  reservoir  tank 

Quantity  of  water  escaped  at 

waste  pipe 

Initial  temperature  of  water, 
Final  temperature  of  water, 
Units    of    heat    abstracted 

from  steam 

Units  of  heat  imparted  to 

feed- water 

Units  of  heat  due  to  work 

done 

Units  of  heat  not  accounted 

for  above 


necessary  that  we  should  repeat  the  detailed 
calculation  which  we  have  made  concerning 
these  various  experiments,  but  we  may  give, 
for  the  purpose  of  comparison,  the  results 
obtained  in  two  instances  in  which  the  pres- 
sure against  which  the  water  was  delivered 
were  respectively  much  lower  and  much 
higher  than  that  at  which  steam  was  sup- 
plied.    These  details  are  as  follows : 

A.  B. 

9  min.      16  min. 
40  lbs.        80  lbs. 

10  lbs.       90  lbs. 
6  gals.        6  gals. 

94  gals.      96  gals. 

100  gals.    100  gals. 

6  gals. 
60*»  Fahr.  62o  Fahr. 

llgo      it      1140      it 

60,245  60,820 

52,175  57,766 

29.8  268.5 

8,040.2  2,285.5 

In  the  case  of  experiment  B,  the  2,285.5 
units  of  heat,  entered  as  **  not  accounted 
for,"  were  probably  carried  off  by  the  water 
which  escaped  by  the  overflow  pipe.  It  is 
worthy  of  remark,  that  in  the  two  experi- 
ments, of  which  we  give  the  particulars 
above,  the  same  volume  of  water  was  evapo- 
rated and  the  same  quantity  delivered,  not- 
withstanding that  the  circumstances  were  so 
different  in  the  two  cases.  Inasmuch,  how- 
ever, as  the  temperature  of  40  lbs.  steam 
is  287'',  and  that  of  30  lbs.  steam  274.4'', 
the  six  gallons  of  water  evaporated  would, 
in  experiment  A,  weigh  55.56  lbs.,  and,  in 
experiment  B,  weigh  55.84  lbs.  It  is  also 
probable  that  if  the  measuring  arrange- 
ments had  been  sufficiently  delicate,  some 
other  minute  differences  in  the  quantities 
would  have  been  observed. 

In  conclusion,  we  think  that  Mr.  Bourne's 
experiments  fully  corroborate  the  opinion 
which  we  have  on  many  occasions  expressed 
in  this  journal,  that  the  injector,  while  form- 
ing an  excellent  and  economical  boiler- 
feeder,  is  not  by  any  means  adapted  for 
raising  water  or  for  supplying  water  under 
pressure,  except  in  those  cases  in  which  the 
heat  imparted  to  the  water  delivered  can  be 
turned  to  useful  account.  While,  however, 
we  consider  that  Mr.  Bourne's  experiment! 
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sre  of  much  practical  intercBt,  we  cannot 
l>ut  regret  that  a  supplementary  series  was 
Bot  carried  out  with  a  donkey  pump  of  good 
arrangement,  substituted  for  the  injector, 
the  exbaast  steam  being  utilized  in  heating 
the  feed-water.  Some  useful  comparative 
results  might  have  been  thus  obtained, 
though  we  doubt  whether  the  measuring 
arraDgements  were  sufficiently  delicate  to 
enable  the  comparative  efficiency  of  an  in- 
jector or  donkey  pump  for  feeding  boilers  to 
be  ascertained  with  accuracy.  A  thorough- 
ly reliable  series  of  experiments  to  deter- 
mine this  point  is  really  required,  and  we 
truEt  that  some  day  it  will  be  undertaken. 
In  the  meantime  our  own  predilections  are 
in  favor  of  the  injector,  always  supposing 
that  the  use  of  that  instrument  does  not 
necefliitate  the  employment  of  cold  feed- 
water  where  hot  feed-water  would  otherwise 
be  available. 


TntTooDEN  Railways. — During  the  late 
IT  war  in  America  the  Confederates,  in 
couBtruoting  temporary  railways  and  re- 
newing lines  which  had  been  destroy- 
ed, were  compelled  on  many  occasions  to 
um  wooden  rails  as  the  only  kind  procurable, 
and  over  these  rails  they  transported  alto- 
gether thousands  of  tons  of  baggage,  etc., 
at  whatf  all  things  considered,  were  very 
fair  rates  of  speed.  Wooden  railways  in 
faot,  whea  properly  maue  and  worked,  are 
by  no  means  bad  things  in  their  way,  and  in 
countries  where  timber  suitable  for  their 
construction  is  abundant,  they  may  often 
serve  a  good  purpose  by  opening  up  a  traffic 
which  as  it  increases  wUl  warrant  the  estab- 
lishment of  an  orthodox  iron  road.  It  was  a 
recognition  of  these  facts  which  some  nine 
or  ten  years  ago  led  Mr.  J.  B.  Hurlbert,  an 
Amoricaa  engineer,  to  construct  a  wooden 
railway  about  six  miles  in  length  for  light 
traffic,  and  the  results  obtained  with  this 
line  proved  so  far  satisfactory  that  early  last 
year  a  line,  47 ^  miles  in  length,  was  con- 
strueted  to  connect  Carthage,  N.  Y.,  with 
HarriBville.  More  recently,  idso,  Mr.  Hurl- 
bert hua  built  a  line  in  Canada  extending 
from  the  Clifton  Iron  Mines  to  the  Otweg- 
atehie  Hallway,  a  distance  of  twenty-two 
miles,  and  it  is  of  this  line  that  we  more 
especiaUy  intend  to  speak  here. 

The  rails  of  the  Clifton  Wooden  Railway, 

like  those  of  the   Harrisville  line  already 

mentioned,  are  of  maple,  and  are  14  ft.  long, 

4  in.  wide,  by  6  in.  deep.     They  should 
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onstraoted,  exclusive  of  rolling  stock  and 
arge  bridges,  for  $1,000  or  £200  per  mile. 
^8  regards  the  oost  of  maintenance,  that, 
if  course,  depends  mainly  upon  the  amount 
if  traffic ;  but  in  the  case  of  the  Clifton 
iailwaj,  Mr.  Hurlbert  states  that  two  men 
rill  suffice  to  keep  in  order  three  miles  of 
ine,  replacing  all  worn  rails  that  may  be 
lecessary.  Altogether,  we  think  that  suffi- 
cient evidence  has  been  afforded  by  the 
rorking  of  Mr.  Hurlbert's  wooden  railways 
4}  show  that  such  lines  may  be  profitably 
constructed  in  many  eases  where,  from  the 
latare  of  the  country,  the  formation  of  a 
-egular  railway  would  be  scarcely  warrant- 
ed. It  must  be  remembered,  also,  that  a 
considerable  portion  of  the  labor  involved 
n  the  building  of  a  wooden  railway  could 
>e  tamed  to  useful  account  whenever,  from 
m  increase  in  the  amount  of  traffic,  its  re- 
placement by  an  iron  road  became  desirable, 
ivhile  the  rolling  stock,  even  if  specially 
duilt  for  the  wooden  road,  would  also  be 
available  on  the  iron  one. — Engineering, 


A£R(VSTEAM  ENGINES. 

from  a  paper  r«ad  before  the  British  AMOciation  bj 
BiCHABD  Satoh,  Eaq. 

It  is  now  pretty  generally  allowed  that 
power  and  heat  are  convertible  terms,  and 
ire  have  it  upon  the  highest  scientific  au- 
;hority  that  a  unit  of  heat  is  equivalent  to 
r72  foot-pounds.  We  are  further  informed 
;liAt  one  grain  of  coal  produces,  by  combus- 
don,  sufficient  heat  to  raise  the  temperature 
>f  one  pound  weight  of  water  through 
1.034^  Fahr.  Taking  the  mechanical  equiva- 
lent of  heat  at  772  lbs.  per  unit,  as  above 
itated,  it  follows  therefore  that  the  combus- 
don  of  one  grain  of  coal  =  1,261.45  foot- 
pounds. 

Now,  with  the  best  pumping  engines, 
either  on  the  "  Cornish  "  or  *•  Woolf '^  sys- 
tom,  the  average  duty  is  equivalent  to  about 
^,000,000  foot-pounds,  with  a  combustion 
rf  94  lbs.  (1  bushel)  of  Welch  coal ;  in 
other  words,  143  lbs.  per  1  grain  of  coal  as 
iN>mpared  with  1,261.45  lbs.,  whence  it  ap- 
pears that  the  steam  engine,  in  its  most  im- 
proved state,  is  not  able  to  develop  much 
more  than  one-tenth  into  useful  power  of 
the  mechanical  power  due  to  the  combustion 
it  coal.  As  a  rule,  we  may  assume  that 
the  more  distant  the  extremes  of  tempera- 
ture in  a  thermodynamic  engine,  the  larger 
irill  be  the  proportion  of  heat  turned  into 
)Ower. 


In  the  steam  engine  the  extremes  of  tem- 
perature, or  the  difference  in  the  tempera- 
ture of  the  boiler  and  condenser,  is  not  verj 
great,  and  air  engines,  therefore,  in  which 
greater  extremes  may  be  employed,  offer 
certain  advantages  in  the  production  of 
power.  But  in  tlieir  arrangement,  construc- 
tion, and  practical  working,  many  difficulties 
occur. 

The  difficulties  in  question  arise,  1st,  from 
the  destructive  action  of  the  heating  frumace 
upon  the  generator,  which,  when  unprotect- 
ed by  water,  is  sooner  or  later  burnt  out  or 
destroyed.  2d.  When  high  temperatures  of 
air  are  employed,  the  wear  and  tear  of  work- 
ing parts  becomes  very  great,  and  the  diffi- 
culty of  proper  lubrication  almost  insuper- 
able. On  the  other  hand,  if  law  tempera- 
tures be  employed  the  engine  develops  but 
little  power  in  proportion  to  its  sise,  and  the 
consumption  of  fuel  becomes  quite  as  large 
if  it  does  not  exceed  that  of  ordinary  steam 
engines. 

In  the  consideration  of  the  subject  before 
us  a  useful  lesson  may  be  learnt  from  the 
avocations  of  domestic  life.  Let  the  tea- 
kettle be  our  monitor.  The  careful  house- 
wife places  it  duly  cleaned  and  charged  up- 
on the  fire,  and  no  matter  how  sharp  and 
clear  may  be  the  draught,  nor  how  vivid 
and  intense  the  gaseous  flame,  no  harm  en- 
sues. Let  her,  however,  neglect  to  keep  it 
replenbhed,  and  what  occurs — the  bottom  is 
destroyed.  The  water  acts  as  a  shield  or 
safeguard  to  the  metal  exposed  to  the  vivid 
incandescence,  and  in  the  present  state  of 
our  knowledge  as  to  the  structure  of  metals, 
or  their  behavior  when  exposed  to  sharp 
heat,  it  is  difficult  to  devise  a  better  protec- 
tion. 

The  difficulty  above  mentioned  has  hither- 
to proved  insuperable  notwithstanding  the 
best  efforts  of  those  apostles  and  pioneers 
of  the  air  engine — Stirling  Ericsson  and 
others.  All  the  ingenuity  expended  upon 
the  designing  and  construction  of  regenera- 
tors for  utilizing  to  the  utmost  the  neat  of 
the  escaping  air,  proved  unfortunately  of  no 
avail  so  long  as  the  generator,  which  was 
the  mainspring  of  the  whole,  to  say  nothing 
of  the  working  cylinder  itself,  remained 
liable  to  premature  destruction. 

Mr.  George  Warsop,  of  Nottingham,  as 
the  son  of  an  air-gun  maker  there,  was  bom 
with  aerial  ideas,  which,  although  hb  only 
education  was  received  at  a  Sunday  School, 
and  he  was  sent  ta  work  at  ten  years  of  ago, 
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be  turned  that  education  to  such  good  account 
that  before  he  was  twenty  he  h^  in  leisure 
moments  secretly  constructed  an  air  engine. 
Later  in  life  it  was  his  privilege,  whilst  a 
working  mechanic  in  New  York,  during  his 
engagement  with  Mr.  Ericsson,  to  observe 
the  weak  points  in  the  system  of  that  highly 
gifted  and  persevering  inventor,  and  after 
vears  of  research  to  supply  the  deficiencies 
by  a  marvelously  simple  system  of  mechan- 
ism, which,  as  far  as  present  experience 
goes,  prombes  complete  success  by  means 
which,  happily  for  the  cause  of  economy  and 
progress,  are  compatible  alike  with  physical 
science  and  mechanical  construction. 

It  is  proposed,  firstly,  to  describe  these 
means ;  secondly,  to  enumerate  the  carefully 
ascertained  comparative  results  which  have 
followed  their  application;  lastly,  to  show 
that  these  results  are  in  accordance  with 
sound  theory. 

In  the  first  attempts  at  practically  carry- 
ing out  the  system,  the  arrangement  adopted 
was  an  ordinary  high-pressure  engine,  with 
vertical  boiler,  as  used  in  the  midland  coun- 
ties, where  fuel  is  cheap.  An  air-pump  is 
added,  which  Lb  put  in  operation  by  the  ac- 
tion of  the  steam  engine. 

Thus,  cold  air  is  taken  in  by  the  air- 
pump,  and  is  forced  on  in  its  compressed 
state  through  an  air-pipe,  which,  in  the  case 
before  us,  is  connected  first  within  the  ex- 
haust, then  in  a  coiled  form  down  the  fun- 
nel of  the  boiler,  then  past  the  fire,  and 
finally  past  a  self-acting  clack  valve  at  the 
bottom  of  the  boiler  into  the  boiling  water 
itself,  rising  naturally  through  the  water, 
the  air  is  intercepted  and  subdivided  by 
diaphragms  of  metal  gauge.  Thus  a  two- 
fold service  is  rendered  by  the  contact  of 
the  elements,  the  water  becoming  aerified 
and  deprived  of  its  cohesion  and  prompted 
to  a  free  ebullition,  whilst  the  air  on  rising 
above  the  water  is  saturated  by  the  steam, 
and  the  two  together  pass  on  to  their  duty 
in  the  cylinder,  where  saturation  assists  lu- 
brication. The  agitation  of  the^water  pre- 
vents scaling. 

The  machine  thus  constructed,  but  hav- 
ing two  air-pumps,  and  with  cam  motions 
applied  to  the  valves  as  also  to  the  poppet 
valves  of  the  working  cylinder,  gave  the  fol- 
lowing results,  results  which  it  must  be  ad- 
mitted were  sufficiently  discouraging  to 
have  deterred  the  inventor  and  his  associ- 
ates from  proceeding  further  in  the  matter, 
\mt  for  their  futh  in  the  intrinsic  soundness 


of  the  system,  and  perseverance  in  cvifai 
it  to  a  practicHil  issue.  The  work  had  uk 
done  under  disadvantages  of  variooi  kii4, 
on  inconvenient  premises,  which  oeitirn 
back  were  a  farmhouse  standing  witkb  tk 
ancient  walls  of  Nottingham,  a!nd  util  tke 
protection  of  the  patent  laws  had  beea  c^ 
tained,  the  original  apparatus  was  carefcllf 
guarded  in  an  unsuspected  attic. 
The  results  I  proceed  to  detail: 

TABLE    NO.  I. 
Combined  Avr  and  Steam  Engim. 
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It  is  needful  to  state  that  the  aaout  a 
air  passed  in  the  boiler  in  a  state  of  e«» 
pression  was  considerable,  being  as  biii^  a 
43  per  cent  of  the  effective  cubic  contest 
of  the  working  cylinder,  or  consoraptioo  4 
combined  fluid  from  the  boiler.  And  it  if 
peared  pretty  certain  that  the  power  obtaia 
ed  by  the  increase  of  volume  of  the  sir  id- 
mitted  (due  to  the  treating  of  it),  did  mi 
compensate  for  the  power  consumed  ia  work* 
ing  the  two  air-pumps  which  forced  it  iiu 
the  boiler.  At  the  same  time  the  difference 
in  the  useful  effect  in  the  two  modes  d 
working  did  not  appear  to  be  so  great  ai  tk 
power  required  in  handling  the  pumps  led 
one  to  suppose  it  would  be.  Hence,  there 
appeared  an  evidence  of  a  certain  lateii 
gain  which  needed  only  development  T« 
effect  this,  one  of  the  air-pumps  was  diteaid- 
ed,  and  experiments  made  by  mean  o( 
waste  holes  drilled  through  the  walls  of  tW 
remaining  one  to  ascertain  what  proporti^i 
of  air  admitted  to  the  boiler  folly  coBpei< 
sated  for  the  cost  of  compression.  And  il 
was  found  that  about  10  per  cent  of  tki 
effective  consumption  of  fluid  in  the  work- 
ing cylinder  gave  much  more  favorable  re- 
sults. At  the  same  time  the  cam  motioai 
were  discarded,  and  the  air-pump  valves  \di 
to  their  own  unaided  action.  The  resalti 
are  given  in  the  subjoined  tablo : 
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TABLE   NO.   II. 
Combined  Air  and  Steam  Engine. 
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Pereeniage  of  saia  in  work  done  by  combined  engine,  a« 
compared  wiin  that  done  by  stenm  only,  42|  per  cent. 

Here,  although  a  very  remarkable  relative 
economy  was  apparent,  it  became  obvious, 
on  eoDsidcratiou,  that  danger  of  mistake 
would  arise  in  assuming  this  economy  as 
absolute,  inasmuch  as  the  duty  performed, 
when  contrasted  with  that  obtained  from 
engines  of  standard  types,  actuated  by 
steam,  was  manifestly  low,  and  it  seemed 
probable  that,  as  by  judicious  improvement 
in  details,  the  duty  was  made  to  approxi- 
mate more  closely  to  fair  steam-engine  duty, 
this  relative  economy  might  fall  off  con- 
siderably, inasmuch  as  there  would  be  less 
marffin  to  economise  upon. 

With  the  view  of  testing  this  point,  and 
also  for  the  satisfaction  of  railway  engi- 
neers, of  conducting  experiments  at  loco- 
motive pressures,  a  thorough  remodeling  of 
the  wlkole  apparatus  was  effected.  The  tap- 
pet motions  were  thrown  aside  in  favor  of  the 
usual  slide-valve  arrangement,  working  with 
a  moderate  amount  of  expansive  action. 
The  former  wasteful  vertical  boiler  was  dis- 
carded in  favor  of  a  more  economical  one, 
of  the  compound  or  Cornish  multi-tubular 
description,  so  as  to  obtain  a  better  evapo- 
rative duty  from  the  coal  consumed.  The 
radiating  surfaces  of  the  cylinder  pipes  were 
re-clothed,  and  the  feed-water  heated  by  the 
exhaust  steam.  Instead  of  exposing  the 
air-pipe  to  the  direct  heat  of  the  furnace,  as 
in  the  former  case,  the  air  became  thorough- 
ly heated  on  its  passage  from  the  pump  to 
the  boiler  to  a  temperature  of  from  500°  to 
6,000°  Fahr.,  by  being  conducted  through 
suitable  coils  and  pipes  through  the  exhaust 
steam  in  the  heater,  and  the  waste  heat  in 
the  boiler  flues  and  uptake. 

The  general  arrangement  adopted  is 
shown  by  the  accompanying  drawings.  The 
air  is  forced  by  the  air-pump  through  a 


tube  of  ordinary  wrought-iron,  and  of  1^ 
in.  internal  diameter,  into  coils  in  the  re- 
generator, which  is  heated  by  the  exhaust 
steam,  thence  in  a  straight  line  to  the  up- 
take, down  which  it  passes  through  a  coil 
into  the  flues  beneath  the  boiler,  and  through 
another  coil  in  the  smoke-box,  thence  back 
to  the  front  of  the  boiler  and  past  the  clack 
valve,  and  is  led  down  by  an  internal  bend 
to  the  bottom  of  the  boiler  water  space, 
where  it  is  evenly  distributed  along  the 
whole  length  by  a  perforated  pipe,  and  the 
results  are  f];iven  in  the  following  tables, 
Nos.  Ill  and  IV  : 

TABLE  NO.  III. 

Combined  jUr  and  Steam  Engine^Even  PreB- 
sure  trial. 
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N.  B.— These  trial*  were  conducted  on  the  same  principle  na 
that  followed  by  the  Roval  Agricaitnral  Society,  the  en- 
gine beiiif  stopped  in  each  case  when  it  ceased  to  perform 
00  revolutions  per  minute. 

Ptereentage  or  sain  in  work  done  by  combined  engine,  as 
compared  with  that  done  by  steam  only,  47  per  cenu 


TABLE  NO.  IV. 

Combined  ^ir  and  Steam  Engine 
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Percentage  of  gain  in  work  dona  by  combined  angina  as  oom« 
,     pared  with  that  don*  by  steam  only,  97  JN  per  cent. 
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Tbe  pipe  tbrougli  which  the  air  is  forced 
into  tbe  boiler  by  the  aetion  of  the  air 
pump  18  of  iroOi  and  ia  IJ^  in.  in  diameter 
outside,  and  IJ  in.  bore.  On  leaving  the 
pump  the  pipe  ia  drst  led  to  tbe  beater, 
ahown  ou  tbe  left  of  tbe  engraving,  wherein 
it  ia  exposed  to  tbe  ezhauBt  steam.  The 
koater  oonsiats,  as  will  be  seen,  of  a  cast* 


iron  cjlif 
position,  1 
one  near  t 
top — thro 

spectivelj 
casing,  a 
a  small  < 
bottom  a; 
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Dd  perforated  around  the  upper  part 
f  the  (udes,  so  that  in  the  event  of  its  re- 
eiviDg  an  exeess  of  water,  the  latter  may 
▼erflow  and  fall  to  the  bottom  of  the  heater. 
nironch  a  Btnfling-box  at  the  bottom  of  the 
mak  Aere  passes  a  tube  provided  with  a 
tMM  at  ibe  lower  isnd,  thb  tube  being  ear- 
iad  bj  a  float,  whioh  swims  in  the  water  at 
Jie  boilttm  of  the  heater,  as  shown,  and,  by 
neana  of  a  cord  passing  from  the  top  of  the 
;ube«  works  a  cork,  whioh  regulates  the  sup- 
ply of  water  to  the  tank  at  top  of  the  heater. 
rjhe  acti<m  of  this  heater  will  be  readily 
uiderstood  without  further  explanation,  and 
we  need  merely  add  that  it  furnishes  a 
iteady  supply  of  hot  feed-water  at  a  tempe- 
rature of  from  about  1%*"  to  200''. 

The  air-pipe,  after  leaving  the  heater  just 
described,  passes  along  the  euaust  pipe  to  the 
chimney,  and  descending  the  latter  spirally, 
as  shown^asses  into  the  flue  beneath  the 
boiler.  Here  it  is  led  backwards  and  for- 
w^ards,  as  shown  in  the  plan,  and  after 
making  several  convolutions  in  the  smoke- 
box,  u  led  back  to  the  front  of  the  boiler, 
irhere  it  communicates  with  a  valve-box  con- 
fcaining  an  ordinary  light  clack-valve.  The 
object  of  this  valve  is  to  prevent  water  from 
entering  the  air-pipe  wnen  the  engine  is 
Btopped*  From  the  valve  box  a  pipe  is  let 
down  within  the  boiler  to  the  bottom  of  the 
l^tteTi  Uiii  pipe  being  perforated  at  inter- 
▼ala  on  the  upper  side.  The  perforations 
are  placed  closer  together  at  the  further  end 
of  tne  pipe  than  thev  are  at  the  end  at  which 
the  air  enters,  and  by  this  means  an  equable 
diatribution  of  the  air  at  the  different  parts 
of  the  boiler  is  insured. 

The  lengths  of  the  various  portions  of  the 
air-pipe  are  as  follows :  In  feed-water  heater 
12  ft. ;  in  exhaust-pipe  13  ft.  6  in. ;  in  chim- 
ney and  flues,  iDcluding  coils  in  smoke-box 
and  under  boiler,  58  ft. ;  total,  83  ft.  6  in. 
The  total  external  surface  exposed  by  this 
pipe  is  thus  about  36 1  sq.  ft. 

The  principal  dimensions  of  the  boiler  are 
as  follows :  Length,  8  ft. ;  diameter  of  shell, 
3  ft.  (3  in. ;  diameter  of  fire-box  flue,  2  ft. 
2  in. ;  length  of  fire-box  and  combustion 
chamber,  5  ft. ;  and  length  of  tubes,  3  ft. 
The  tubes  are  41  in  number,  most  of  them 
being  2j  in.,  and  some  of  them  2^  in.  dia- 
meter. The  total  effective  heating  surface 
exposed  by  the  boiler  is  about  130  sq.  ft. 

It  is  right  to  mention  that  in  all  the  be- 
fore detailed  experiments,  the  "  Prony  " 
brake  with  the  best  modem  improvements 
was  used  as  the  measure  of  useful  work 


done,  and  every  care  taken  in  the  conduct  of 
these  trials  to  determine  accurately  the 
amount  of  water  evaporated,  and  the  duty 
done  in  useful  effect  by  a  given  amount  of  fuel. 

Other  observations  as  to  temperature,  in- 
dicator diagrams  for  determining  the  cost  of 
the  air  compression  in  proportion  to  tbe 
power  developed,  and  various  useful  notes 
were  obtained,  which  it  would  be  out  of 
place  to  recapitulate  here  at  length,  but  all 
these  details  are  at  the  disposal  of  the  As- 
sociation, or  any  scientific  persons  interest- 
ed in  the  subject. 

Professor  Tyndall  has  volunteered  to  in- 
vestigate the  scientific  bearings  of  the  results 
which  have  been  personally  observed  in  Not- 
tingham by  that  accomplished  amateur  engi- 
neer. Lord  Richard  Orosvenor,  and  by  other 
engineers,  several  of  whom  have  already 
applied  to  be  licensed  to  make. 

It  remains  to  submit  to  your  considera- 
tion the  theory  of  our  system.  We  have 
here  a  machine  whioh,  when  worked  as  an 
ordinary  steam  engine  and  boiler,  performs 
as  respectably  in  its  brake  duty  as  an  aver- 
age well-constructed  commercial  engine,  not 
designed  to  work  with  a  high  rate  of  ex- 
pansion, and  we  find  that  the  addition  of  the 
pneumatic  arrangements  considerably  en- 
nances  the  amount  of  its  useful  duty. 

Let  us  now  endeavor  to  ascertain  in  what 
manner  the  gain  in  question  arises,  premis- 
ing that  the  following  condition  of  things 
can  exist  only  in  theory.  Suppose  a  boiler 
to  be  theoretically  perfect,  wasting  no  heat, 
and  its  feed  level  maintained  only  just  con- 
stant, the  quantity  of  water  evaporated 
being  infinitely  small,  and  friction  of  all 
kinds  to  be  eliminated  in  the  machinery. 
Then  the  power  required  in  compressing  any 
given  amount  of  air  at  atmospheric  density 
will  be  recouped  by  the  power  generated  by 
the  re-expansion  of  the  air  so  condensed, 
action  and  re-action  being  equal. 

Let  us  now  ascertain  the  cost  of  obtain- 
ing a  given  quantity  of  steam  at  a  given 
pressure,  as  compared  with  the  like  quantity 
of  air  at  the  like  pressure,  and  for  the  sake 
of  example  we  will  take  150  c.  ft.  in  each 
case  at  60  lbs.  pressure  per  sauare  inch  in 
gauge.  Here  the  relative  volume  of  the 
steam  to  the  water  which  generated  would 
be  in  the  case  of  60  lbs.  pressure  (307"" 
Fahr.,  about)  =355  to  1,  according  to  Reg- 
nault.  And  it  follows  that  the  150  c.  ft.  of 
steam  under  consideration  was  generated 
from  1.355th  of  its  volume  of  water  origin* 
ally,  or  .422  c,  ft. 
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The  weight  of  one  cubic  foot  of  water 
being  62.82  lbs.,  the  weight  of  .422  c.  ft. 
would  be  26.3  lbs.  Now,  to  raise  1  lb.  of 
water  from  62°  Fahr.  to  212%  or  through 
150°,  requires  150  heat  units ;  to  convert  it 
from  water  at  212°  into  steam  at  any  pres- 
sure, 966  heat  units;  total  gross  units, 
1,116 ;  and  as  the  conversion  thus  of  1  lb. 
of  water  requires  1,116  heat  units,  it  would 
follow  that  the  conversion  of  26.3  lbs.  of 
ditto  would  require  29.350  heat  units,  which 
is  the  cost  of  obtaining  150  c.  ft.  of  steam 
at  60  lbs.  pressure.  In  the  case  of  the  air, 
500  c.  ft.  of  atmospheric  density  and  tem- 
perature, 62°  would,  by  Mariotte  and  Du- 
lone's  law,  be  transformed  into  100  c.  ft.  at 
60  lbs.  per  sq.  in.  on  gauge,  supposing  the 
temperature  remained  unchanged.  But 
this  500  c.  ft.  of  atmospheric  air  is,  by  the 
combined  agency  of  the  increase  of  tempe-. 
rature,  due  to  compression  and  the  applica- 
tion of  artificial  heat  in  some  form  brought 
from  its  original  temperature  of  62®  up  to 
that  of  the  boiler,  viz  :  (that  due  to  60  lbs. 
pressure,)  307®;  in  other  words,  through 
245°  Fahr.  Now,  the  weight  of  500  c.  ft. 
of  atmospheric  air  =  38.05  lbs.,  that  of  1  c. 
ft.  at  atmospheric  density  and  62^  tempera- 
ture being  =.761  lbs.,  according  to  Reg- 
nault's  experiments.  And  we  have  seen 
that  this  500  ft.  at  atmospheric  density,  and 
62®  temperature,  is  equivalent  in  value  to 
100  c.  ft.  at  60  lbs.  pressure  and  the  like 
temperature,  the  weight  therefore  would  be 
alike  =  38.05  lbs. 

The  increase  of  volume  from  100  c.  ft. 
due  to  the  increase  of  temperature  from  62° 
to  307°,  or  through  245*^  would  be,  accord- 
ing to  the  general  formula  applicable  to  the 
expansion  of  gases,  about  50  per  cent,  or,  say 
roughly,  as  the  volume  would  increase l-480th 
of  its  bulk  for  each  degree  Fahr.  increase 
of  temperature ;  for  245°  increase,  the  ori- 
ginal bulk,  100  c.  ft.,  would  be  increased 
245-480ths,  which  is  about  50  per  cent,  the 
original  100  c.  ft.  at  60  lbs.  pressure  per 
square  inch  now  becoming  150  at  the  like 
pressure,  and  this  weighing  30.05  lbs.  The 
number  of  units  of  heat  which  will  be  con- 
sumed in  raising  the  temperature  of  this 
38.05  lbs.  of  air  from  62°  to  307°,  or 
through  245°,  the  pressure  remaining  con- 
stant and  the  volume  variable,  as  above  de- 
scribed, will,  according  to  Regnault,  bear 
the  same  to  that  which  would  raise  the  same 
weight  of  water  through  the  same  amount, 

-^  238  to  1. 

"^8.05  lbs.  X  .238  X.245°  range  through 


which  raised  =2,218.69  heat  iimte,wti{kk 
the  cost  of  obtaiDiiig  150e.  ft-oftinkH 
lbs.  pressure,  as  compared  with  the  29^     ■< 
heat  units  before  mentioned  in  ^cmiI 
the  like  quantity  of  steam,  a  yerj  flnkiii{ 
and  remarkable  difference.    Both  tkete  Ul 
c.  ft.  are  capable,  when  worked  in  a  ejfiiAa, 
of  generating  the  same  motive  fane,  «i 
are    alike    capable    of    being   worked  o- 
pansively,    but   it   is    an    important  c«» 
deration  whether  the  loss  in  working  the  air 
expansively  would  not  be  greater,  owiigte 
its  more   rapid  radiation  and  lo«  of  kH 
and  consequent  loss  of  volume  and  piciw. 

A  further  series  of  experiments  ar«aboit 
being  made  with  the  view  of  aseertaiuig 
the  results  due  to  working  at  higher  fnt 
sure  and  rates  of  expansion,  and  here  tko^ 
ough  jacketing  and  maintenance  of  the  ten* 
perature  of  the  working  cylinder  will  doibt* 
less  prove  most  valuable. 

Such  a  theoretical  gain,  vix :  aboat  13  to 
1,  is  evidently  vastly  far  from  being  realiied 
in  the  experimental  engine,  seeing  thtteilj 
about  13  per  cent  of  the  whole  cylinder  eeo* 
sumption  in  the  last  experiment  is  piseed 
into  the  boiler  (in  place  of  100  per  oeit,  m 
in  the  investigation  above  given),  tke  re- 
mainder being  supplied  by  uie  steam  gese- 
rated,  thus  13  per  cent  air  -f>  87  per  eat 
steam ;  and  we  must  look  to  other  eauet,  ii 
addition    to  the  above,  to  account  for  tke 
economy  realized   in   practice.     It  b  eoi- 
ceived  that  it  is  to  the  injection  of  air  iate 
the  boiler  that  this  may  mainly  be  referred 
for  the  following  reasons.     When  stean  is 
ordinarily  raised  from  water,  the  heat  ex- 
pended is  consumed   partly  in  overcoming 
the  cohesion  of  its  particles,  and  in  creitinf 
steam  room  for  the  vapor  raised,  and,  fm^ 
ther,   in  promoting   the  circulation  of  tke 
water  itself  in  the  boiler.     In  all  of  these 
operations  work  is  done,  and  the  injectios 
of  the  air  accomplishes  practically  the  work 
which,  under  the  above  mentioned  eircui- 
stances,  would  have  to  be  done  by  the  heit, 
a  much  more  intense  and  rapid  circolatioi 
of  the   water  is   achieved,   and   the  rapid 
ebullition  and  giving  off  of  steam  babbles 
is  greatly  promoted.    Further,  the  air  eaten 
at  a  high  temperature,  and  its  direct  aetioa 
upon  the  water  is  equivalent  to  an  inereaw 
of  evaporative  surface,  all  the  more  efficieat 
from  being  direct  instead  of  communicatetl 
by  the  conductive  power  of  metal  plate*.  It 
is  to  be  regretted   that  some  more  certain 
method  than  the  usual  high  grade  thomo* 
meter  has  not  yet  been  devised  and  applied 
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br,  measuring  the  temperature  of  the  in 
coming  air,  which  is  the  best  absorbent  of 
iraste  heat  in  the  boiler  flues,  which  can 
irell  be  devised,  and,  according  to  present 
experience,  a  very  perfect  agent  in  trans- 
mitting it  into  mechanical  force.  In  short, 
bKe  change  of  condition  which  occurs  in  the 
boiler  immediately  on  the  admission  of  air 
may  be  best  realized  by  imagining  the  tubes 
and  tabe-plates  to  be  suddenly  removed  and 
replaced  by  an  indefinitely  large  number  of 
tabes  of  infinitely  small  diameter,  permeating 
^e  water  and  increasing  the  ebullition  and 
disengagement  of  vapor  bubbles  by  an  agi- 
tation idmost  mechanical. 

An  experiment,  which  has  been  repeated- 
ly made,  goes  far  to  confirm  this  view.  Let 
the  engine  be  running  under  steam,  the 
pressure  gauge  rapidly  falling,  with  the  fire 
fast  dying  out,  the  putting  the  air-pump  in 
gear  will  cause  the  gauge  to  mount  several 
pounds  in  the  course  of  a  few  minutes,  and 
there  continue  for  a  considerable  time,  the 
engine  meanwhile  continuing  to  work  as  be- 
fore, after  checking  a  moment  or  two  on 
first  feeling  the  increased  resistance  due  to 
putting  the  air-pump  in  action.  And  this 
resnlt  evidently  shows  that  the  evaporative 
duty  of  the  boiler  is  increased  immediately 
on  the  admission  of  the  air,  and  irrespective 
of  the  state  of  the  fire — a  state  of  things 
which  is  consistent  with  the  foregoing  ex- 
planation, and,  indeed,  scarcely  susceptible 
of  any  other. 

Even  did  time  permit,  this  possibly  is  not 
a  fitting  occasion  for  more  than  a  passing 
glance  at  the  social  or  commercial  bearings 
of  thb  discovery.  As  our  navy  and  Gov- 
ernment workshops  can  thereby  be  coaled  at 
far  less  cost  than  hitherto,  taxation  may  be 
reduced.  Agriculture  will  be  an  immense 
gainer  in  the  impulse  given  to  steam  culti- 
vation in  all  its  branches,  no  trifling  con- 
sideration in  view  of  the  fact  that  in  the 
month  of  May  last  one  English  firm  turned 
out  102  portable  engines.  Manufactures  of 
all  kinds,  where  steam-power  is  used,  will 
be  cheapened,  the  sailing  vessels  of  our 
mercantile  marine  will  be  rapidly  transferred 
into  auxiliary  steamers  able  to  traverse  the 
Suei  canal  and  the  Bed  Sea,  towards  which 
all  eyes  are  now  turned.  Communication 
with  all  parts  of  the  world  will  be  cheapen- 
ed and  facilitated.  There  are  good  grounds 
for  expecting  that  railway  dividends  will 
improve.  It  b  estimated,  by  way  of  ex- 
ample, that  the  Metropolitan  line  would 
save  £6,000  per  annum  in  fuel  and  water,  | 


whilst  the  ventilation  of  its  tunnels  would 
be  improved,  and  the  additional  power, 
gained  at  a  trifling  outlay,  would  enable 
each  engine  to  draw  two  more  carriages  than 
at  present.  Our  mines,  our  water-works, 
our  drainage  operations,  and  our  quarries 
will  share  in  the  general  gain.  Our  me- 
chanics, now  quitting,  with  weeping  eyes 
and  aching  hearts,  the  land  of  their  nativ- 
ity, because  they  have  no  work,  will  have 
enough  and  to  spare,  through  the  impulse 
given  to  the  construction  of  new  engines 
and  the  adaptation  of  old  ones.  Nor  will 
the  colliery-owner  suffer,  as  is  proved  by  the 
cordial  satisfaction  already  expressed  in  that 
direction. 

Opportunely  does  this  discovery  come  in 
1869,  the   centenary  of  the  steam-engine. 

A  writer,  in  a  recent  number  of  that  valu- 
able paper,  the  *' Economist,"  remarks  that 
'*  a  single  improvement,  to  save  10  per  cent 
in  fuel  for  the  steam-engine,  would  probably 
add  more  absolutely  to  the  real  wealth  of 
this  generation  than  the  invention  of  the 
steam-engine  itself  added  to  the  real  wealth 
of  the  generation  in  which  it  was  invented." 
After  years  of  anxious  research  we  now 
possess  such  an  improvement,  but  of  greater 
value.  We  are  thankful  for  the  opportunity 
of  doing  good  in  our  day  and  generation. 


THE  REMOVAL  OF  SMCON  FROM  PIG 
ffiON. 

Abstract  of  a  paper  read  by  Mr.  J.  Palmeb  Budd, 
before  the  Iron  and  Steel  Institute. 

In  the  Welsh  ironworks,  the  pig  iron  is 
principally  white.  The  whole  of  the  forge 
cinder  made  is  put  on  the  blast-furnaces ; 
and  cinder  in  large  quantities  is  purchased 
in  addition  from  the  tin  plate  and  other 
neighboring  forges.  A  large  admixture  of 
Lancashire  and  Cumberland  and  other  he- 
matite ores  is  put  on  the  furnaces  as  a  cor- 
rective. The  furnaces  are  driven  hard ;  and 
the  white  is  of  course  inclined  to  be  sulphu- 
ry. The  plan  of  working  is  to  refine,  be- 
fore puddling,  from  a  half  to  a  third  of  the 
white  in  refineries  placed  before  the  blast- 
furnaces, potting  the  iron  into  them.  The 
yield  of  these  fineries  from  molten  iron  is 
about  23  cwt.  of  pig  or  cast  iron  to  the  ton 
of  refined  metal ;  the  consumption  of  coke 
is  5  or  6  cwt.  to  the  ton ;  and  the  total  ex- 
pense of  the  refinery  process  from  10s.  to 
15s.  a  ton.  In  some  works  the  puddling 
furnaces  have  one-half  white  pig  and  one- 
half  refined  iron ;  in  others,  the  proportion 
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ia  one-third  refined  metal,  one-third  white 
pig,  and  one-third  mine  pig,  made  without 
cinder  from  argillaceous  mines  and  hematite 
ores.  Soft  Lancashire  ore  b  freely  allowed 
for  fettling  the  puddling  furnaces.  The 
popular  notion  is,  that  the  white  iron  is  de- 
carbonised in  the  refinery  process,  and  freed' 
from  sulphur  and  phosphorus.  Messrs. 
Grace  Calvert,  and  R.  Johnson,  Br.  Percy, 
and  other  authorities,  have  shown  conclu- 
sively that  this  popular  notion  is  unfounded. 
They  have  proved  that  all  cast  iron  contains 
a  notable  proportion  of  silicon  varying  from 
1  to  6  per  cent  (the  grayer  the  iron  the 
greater  the  proportion  of  silicon),  which  is 
reduced  in  the  blast-furnace,  and  combined 
with  the  iron  from  its  earthy  base,  silica. — 
It  is  silicon  which  imparts  its  casting  pro- 
perty to  pig  iron ;  when  removed,  cast  iron 
is  only  semi-fluid,  although  it  may  retain  all 
or  nearly  all  its  carbon.  From  its  greater 
affinity  for  oxygen  than  carbon,  silicon  pro- 
tects the  carbon  in  pig  iron  from  the  action 
of  oxygen ;  even  when  it  is  present  in  the 
small  proportion  of  1.500  per  cent  no  carbon 
is  burnt  off.  Silicon  is,  in  many  of  its  pro- 
perties, very  analogous  to  carbon  ;  and  the 
refining  process  instead  of  being  called  a 
decarbonising,  might  be  better  described  as 
a  desiliconising  of  the  iron.  Nowt  the  pro- 
cess he  had  invented  desiliconised  the  iron 
as  tapped  froln  the  blast-furnace  without 
wasting  the  iron,  and  without  any  extra  ex- 
pense whatever  beyond  the  usual  cost  of  the 
pig ;  nay  more,  it  was  more  economical  to 
make  than  pig  iron.  The  process  must 
therefore  revolutionise  the  present  practice 
in  the  iron  trade.  His  usual  mode  of  pro- 
ceeding was  to  place  a  series  of  iron  moulds 
similar  to  those  used  before  a  refinery,  as 
near  as  convenient  to  the  top  hole  of  the 
blast-furnace.  He  made  a  paste  by  mois- 
tening with  water  soft  hematite  ore,  which, 
if  gritty,  is  previously  ground,  and  he  threw 
a  bucketful,  containing  about  60  lbs.,  into 
the  mould  in  a  semi-liquid  state,  and  spread 
it  evenly  on  the  bottom  and  sides.  The 
mould  being  quite  hot  from  the  previous 
oast,  dries  the  paste,  which  adheres  to  the 
bottom.  He  then  pots  as  much  iron  as  is 
required  from  the  blast-furnace,  and  allows 
it  to  run  over  and  fill  the  moulds  to  the  depth 
of  three  and  a  half  to  four  inches.  A  great 
ebullition  took  place ;  jets  of  flame  of  a  pe- 
culiarly white  color  burn  on  the  surface, 
which  he  assumed  to  be  the  combustion  of 
silicon  in  the  oxygon  abstracted  from  the 
kMoatite.     It  was  proved  by  repeated  ana- 


lysis that  whilst  the  silicon  wis 
cent  in  the  white  oast  iron,  it  is  ted 
this  simple  process  to  .200  to  .800 1 
or  from  1  per  cent  to  l-500th,  a  d 
thrown  up  containing  silicon,  sobm  ] 
rns,  and  sulphur.  The  cmrbon  Is  k 
all  removed.  The  appearance  of  ^ 
after  the  process  is  that  of  refined  i 
For  want  of  a  sofficient  upward  ii 
force,  a  good  deal  of  the  scoria,  : 
chemically  separated  in  the  process 
iron,  is  not  remoyed  from  it  meeb 
but  is  mixed  with  the  refined  met 
on  remeltinff  in  a  puddling  furnace 
protecting  slag.  The  cost  of  the  { 
nil,  as  the  iron  contained  in  the  he 
reduced,  and  adheres  as  cast  iron  u 
tom  of  the  iron  in  the  mould.  Th 
sand  or  coke  dust  used ;  and  the  rei 
goes  clean  into  the  puddling  fnma 
yield  in  puddling  is,  that  of  refi] 
about  21  cwt.  to  the  ton  of  puddle 
The  puddlers  like  to  have  one  or  ti 
white,  with  the  metal  so  refined,  as 
it  works  more  **  liquory  " — shon 
when  the  silicon  remaining  is  onl; 
.800  per  cent,  the  charge  does  n( 
the  necessary  fluidity.  The  pudc 
nace  keeps  longer  in  repair ;  no  c 
tling  is  used  ;  and  hammer  slack 
former  allowance  of  shearings  to  ra 
balls  has  been  discontinued.  Thi 
more  regular  work  ;  and,  like  th 
iron,  the  yields  are  larger.  The 
iron  is  of  an  improyed  quality,  a 
liked  in  the  rail  mills.  The  secon 
was  the  same  as  the  first,  only  thai 
ed  two-fifths  by  weight  and  half  b 
nitrate  of  soda  with  the  hematite  o 
is  formed  into  a  paste,  and  appli< 
same  way.  With  this  mixture,  tl 
tion  is  greater  ;  the  flame  is  of  a  ; 
Qolor — showing  the  ignition  of  soe 
soda.  The  cinder  is  thrown  up  ai 
the  iron,  over  which  it  forms  a  cm 
can  be  separated  when  cold.  The 
a  cellular  and  honey-combed  fract 
metal  much  over-blown.  The  sec 
tain  sulphur,  phosphorus,  silica  a 
The  iron  works  drier  and  cleaner, 
better  yield  than  that  made  by  proc 
ber  one,  but  should  have  about  ow 
gray  pig  added  to  make  a  very  c 
rough  iron.  The  only  coat  of  the  ] 
the  nitrate,  which  in  the  proportio 
comes  to  about  4s.  per  ton  at  its  pre 
price.  The  saving  by  the  process 
considerable,  and   it  was  not  eoi 
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ute  iron,  though  it  was  then  most  e£ELoa- 
908.     The  author  added :  "  In  my  opinion, 

0  money  valne  of  my  invention  to  the  iron 
mAe  will  be  enormous ;  greater,  perhaps, 
aa  that  arising  from  the  use  of  the  blast- 
maoe  gases,  said  to  be  a  £1,000,000  a 
Mur,  and  which  I  first  introduced  into  this 
funtry  and  made  known  to  the  iron  trade 

1  the  meeting  of  the  British  Association 
dd  at  Swansea,  in  1849." 


ASPHALTED  SURFACE& 

From  the  "Meohuiioi'  Magadne." 

A  mixture  of  the  ordinary  coal  gas  tar 
nd  common  gravel  constitutes  nine-tenths 
f  the  so-called  asphalte,  and  it  is  no 
ronder,  when  the  spurious  article  is  passed 
ff  for  the  genuine,  that  the  latter  suffers  in 
he  estimation  of  the  public,  and  many  re- 
use to  believe  in  the  durability  and  e£ELciency 
ii  an  asphalted  surface.  This  is  the  na- 
oral  result  of  the  very  cheap  and  very  bad 
botpaths  and  platforms  that  have  been 
aid  down  in  numerous  localities  and  com- 
loeed  of  the  ingredients  referred  to..  A 
mriace  thus  constructed  will,  in  spite  of  the 
mperfect  nature  of  its  components,  if  the 
brmation  of  it  be  carefully  attended  to  exist 
or  a  time  in  a  smooth  ana  apparently  sound 
condition.  This  appearance  is,  however, 
leeeptive.  The  influence  of  wear  and  tear, 
lombined  with  the  action  of  wet,  speedily 
produces  hollows  and  irregularities,  cracks 
uid  crevices  extend  their  ramifications  in 
)Tery  direction,  and  the  opposite  effects  of 
lieat  and  cold  are  equally  active  in  the  work 
)f  disintegration  and  destruction.  The  one 
renders  it  sticky  in  summer,  and  the  other 
brittle  in  winter;  the  whole  mass  soon 
breaks  up  and  has  to  be  removed,  to  the  loss 
and  disgust  of  those  who  laid  it  down,  and 
irho  register  a  vow  never  to  employ  **  as; 
phalte"  again  for  any  purpose  whatever.  If 
ire  BOW  consider  the  difference  between  the 
aporious  and  genuine  articles,  it  will  not  be 
■orprising  that  the  former  has  no  claims  to 
fche  title  that  belongs  properly  to  the  latter. 
Instead  of  being  the  hasty  result  of  a  mix- 
ture of  tar  and  sand  or  gravel,  the  genuine 
asphalte  has  a  very  different  composition. 
Its  chief  ingredient  is  derived  from  a  natural 
production,  drawn  from  foreign  quarries,  or 
mines  as  they  are  generally  termed.  At 
present,  there  are  very  few  of  these  mines, 
of  which  the  best  known  is  probably  that  of 
Pyrimont.  The  raw  material  arrive!  in  the 
fofm  of  dark-oolored  amorphous  lumps  con- 


taining a  large  proportion  of  bitumen,  which 
is  extracted  by  the  employment  of  suitable 
mechanical  means.  One  of  the  principal 
components  of  bitumen,  according  to  the 
nomenclature  of  M.  Boisingault,  is  the  sub- 
stance asphaltene.  It  has  a  chemical  com- 
position represented  by  the  formula  C,,H^ 
0, ,  and  we  recommend  it  to  those  whom  it 
may  concern  as  an  excellent  name  whereby 
to  distinguish  the  ^nuine  from  the  spurious 
article.  When  it  is  kept  in  view  that,  in 
order  to  obtain  a  material  fit  for  manufacture 
ing  asphalte  as  it  ought  to  be  made,  it  is 
necessary  to  import  the  chief  ingredient  from 
Italy,  it  is  evident  at  a  glance  that  there 
will  be  a  wide  difference  in  the  price  of  the 
foreign  and  the  home  production.  As  the 
price,  so  is  the  quality.  A  permanency  and 
durability  are  obtained  by  the  use  of  the 
extracted  bitumen  which  cannot  be  expected 
from  the  wretched  stuff  prepared  from  the 
ingredients  to  which  we  have  alluded.  At 
the  same  time,  it  is  equally  necessary  to 
ensure  good  and  sound  workmanship  in  the 
laying  down  of  asphalte  as  to  provide  the 
best  materials.  There  is  a  company  which 
has  portable  machinery,  especially  designed 
and  constructed  for  this  purpose,  which  allows 
of  a  large  area  being  covered  in  a  compara* 
tively  short  space  of  time.  As  we  have  de- 
precated the  use  of  bad  and  inferior  asphalte 
as  exceedingly  deceptive  to  the  public,  and 
prejudicial  to  the  prospects  of  the  only 
proper  substance,  it  is  but  fair  to  give  a  few 
instances  where  the  latter  may  be  seen  and 
its  value  appreciated.  One  of  these  is,  in 
the  words  of  Mr.  Hepworth  Dixon,  •'  Her 
Majesty's  Tower."  Most  of  the  footpaths, 
and  some  portions  of  the  roof,  have  been 
laid  for  some  years  past  with  Pyrimont  as- 
phalte, and  yet  present  no  signs  of  deteriora- 
tion. The  roof  of  the  new  prison  at 
Holloway,  and  the  extensive  footpaths 
around  the  fountains  in  Trafsilgar-square, 
are  other  examples. 

According  to  the  climate  and  the  purposes 
for  which  it  may  be  intended,  so  can  th^ 
composition  and  character  of  asphalte  be 
varied.  From  its  nature,  it  must  always 
possess  some  little  elasticity,  even  when  that 
quality  is  required  to  be  reduced  to  a 
minimum.  This  is  one  of  its  properties^ 
which  is  frequently  of  considerable  ad- 
vantage. It  renders  it  exceedingly  valuable 
as  a  ^*  damp  "  course  in  buildings,  and  much 
superior  to  slates,  tiles,  concrete,  or  other 
hard  and  unyielding  substances.  Considering 
them  all  on  a  par  with  respect  to  water-proof 
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qu  nil  ties,   the  asplialte  alone  possesses  the 
G^pjibiUty  of  yielding  to  any  local  pressure. 
Consequently,  if  any  portion  of  the  founda- 
tion settle,  the  slates,  tiles,  or  other  hard 
subi^tances   at  once  break  across,  and  the 
watertight   continuity   is    destroyed.     The 
asphalte,  on  the  contrary,  adapts  itself  to 
the    settlement    of    the    foundations,    and 
preserves    the    water-proof    layer     intact. 
Any    one   who   has   walked   over  a    large 
area  of  properly  executed    asphalte  cannot 
fail    to  ask  himself  the  question,  whether 
its    application    could    not     be    extended 
to   road   and    street    traffic.     There  is  no 
doubt  but  that  the  substitution  of  asphalte 
for  granite   or   macadam  would   be  hailed 
with   ecstatic    delight    by    the    riders    of 
bicycles.     What  a  road  to  run  on  !     A  por- 
tion of  Threadneedle-street  has  within  the 
last  nine  months  been  laid  down  with  as- 
phalte, but  upon  a  different  principle  to  that 
upoD  which  footpaths  are  constructed.    Some 
time  must  elapse  before  it  will  be  possible 
to  judge  of  the  suitability  of  this  surface  for 
the  severe  tax  made  upon  its  powers  of  re- 
sis  taDce  and  durability  by  the  exigencies  of 
otir  metropolitan  traffic.     There  is  another 
situation  for  which  an  asphalted  surface  ap- 
pears to  be  well  adapted,  and  in  which  its 
property  of  elasticity  can  be  advantageously 
brought  into  play.     It  is  in  the  case  where 
it  i»  necessary  to  form  a  footpath  on  made 
grouQd.     The   most   extensive   example  of 
this  kind  is  probably  to  be  found  in  the  foot 
thoroughfares  of  the  Thames  Embankment, 
and  any  one  who  is  in  the  habit  of  travers- 
ing that  on  the  north  side  cannot  fail  to  per- 
ceive how  badly  the  paving  flags  adapt  them- 
selves to  the  irregularities  caused  by  the 
** giving'*  of    the   ground    underneath.     A 
very    slight    subsidence,   which   would  be 
scarcely  appreciable  under  ordinary  circum- 
stances, is  quite  sufficient   to  destroy  the 
evenness  of  a  flagged   footway.     As  it  is, 
miiny  of  the  flags  are  disturbed  to  an  extent 
which  throws  up  one  end  fully  an  inch  above 
its  neighbor,  and  imparts  a  very  jagged  ap- 
pearance to  the  surface.     Taking  them  up 
and  relaying  them  is  the  remedy,  but  how 
often  this  remedy  will  have  to  be  repeated 
it   is  impossible  to  assert,  for  railway  ex- 
perience has  demonstrated  that  it  frequently 
requires  a  loDg  time  for  a  heavy  embankment 
to  settle  permanently  to  its  '*  bearings."  In 
pointiDg  out   the  manner  in  which  paying 
iags  behave  under  the  conditions  in  question 
it  is  not  intended  to  assert  that  they  ought 
to  be  replaced  wholesale  by  an  asphalted  sur- 
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i  was  probable  that  coal  would  exclusively 
fe  used  to  produce  the  gaseous  fuel  requir- 
»d  for  the  regeueratiye  furnace,  in  France, 
Selgium,  and  Spain  they  merely  used  wood ; 
n  Germany  lignite,  and^pcat  in  Italy.  It 
ras  believed  that  the  first  idea  of  storing 
raste  heat  to  be  used  at  intervals  was  due 
to  Dr.  Stirling,  of  Dundee,  who,  in  1817, 
patented  the  regenerator  or  heat  accumula- 
tor, and  subsequently  applied  it  to  his 
ealoiic  engine.  Captain  Ericsson,  in  1851, 
also  used  a  kind  of  regenerator  to  his  air 
engine ;  but  Siemens  had  previously,  in  the 
years  1847-8-9,  taken  out  patents  for  his  re- 
generative steam  engine  and  condenser. 
Kone  of  these  inventions  ever  came  into 
Bztensive  practice,  and  not  till  1862  did  the 
diBCOvery  really  assume  a  shape  which  was 
at  all  attractive.  The  invention  might  be 
generally  described  as  requiring  a  producer 
— ^for  the  volatilization  oi  coal,  wood,  peat, 
and  such  like  products  into  gases — which 
might  be  erected  at  any  practicable  distance 
from  the  furnaces  to  which  they  were  to  be 
applied;  while  a  regenerator,  divided  into 
four  compartments  filled  with  loose  fire- 
bricks, had  to  be  placed  under  the  furnaces. 
These  regenerators  were  simply  fire-brick 
cbambers  divided  into  four  compartments, 
one  on  each  side  for  the  passage  of  gas,  and 
two  in  the  centre  for  air,  with  generally  five 
ports  at  each  end  communicating  with  the 
fdrnaces  above.  The  chambers  were  filled 
with  fire-bricks  placed  in  a  chequered  man- 
ner, and  while  the  upper  portion  had  to  be 
of  the  best  quality,  those  beneath  would 
answer  if  they  were  of  the  most  inferior  de- 
scription. The  chemical  action  which  took 
place  in  the  producers  was  described  by  Mr. 
Siemens  in  his  lecture  before  the  Chemical 
Society  as  follows :  '*  Air  is  admitted 
at  the  grate  and  as  it  rises  slowly  through 
the  ignited  mass,  the  carbonic  acid  first 
formed  by  the  combinationof  the  oxygen 
with  the  carbon  of  the  fuel  takes  up 
an  additional  equivalent  of  carbon  form- 
ing carbonic  oxide,  which,  diluted  by 
the  inert  nitrogen  of  the  air,  and  by 
a  little  unreduced  carbonic  acid,  and  mixed 
with  the  gases  and  vapors  distilled  from  the 
raw  fuel  during  its  gradual  descent  towards 
the  grate,  is  led  off  by  the  gas  tubes  to  the 
fnmaoes."  The  temperature  of  the  gas  at 
the  junction  of  the  upcasts  with  the  tubes 
was  1,250  to  1,300  degrees  Fahrenheit,  a 
rather  higher  point  than  had  yet  been  notic- 
ed. Before  it  had  traveled  200  ft.  in  the 
tube,  with  an  external  atmosphere  of  60 


degrees,  the  temperature  was  reduced  to 
about  130  degrees.  He  had  himself  been 
unable  to  ascertain  the  exact  quantity  of 
heat  lost  by  radiation  in  the  interval,  but 
the  experiments,  although  not  complete, 
were  sufficient  to  show  that  the  quantity  was 
so  small  that  at  present  he  could  see  no  way 
of  economically  applying  it.  This  lowering 
of  the  temperature  and  condensation  of  the 
gases  was  of  advantage  in  many  respects. 
The  gas  being  heavier,  caused,  in  its  transit 
through  the  tubes  and  the  various  downcasts, 
a  syphon  action  ;  and  thus  not  only  drew  the 
gas  from  the  producers  to  the  furnaces,  but, 
by  keeping  up  a  slight  outward  pressure, 
prevented  the  admission  of  air  through  any 
crevice  in  the  tubes  or  the  expansion  boxes. 
It  also  deposited  the  tar  from  the  coals  into 
a  series  of  wells  beneath ;  while  the  water 
in  the  fuel  was  also  condensed,  and  thus 
prevented  from  causing  a  waste  of  metal  by 
introducing  a  too  great  supply  of  oxygen 
into  the  furnaces.  After  noticing  more  in 
detail  the  application  and  effect  of  the  gases, 
Mr.  Smith  added  that  for  many  months  each 
producer  at  Barrow  had  volatilized  3  tons  of 
coal  per  24  hours,  and  that  the  greatest 
economy  effected  was  when  the  consumption 
had  not  exceeded  50  cwt.  Estimating  the 
weight  of  one  cubic  foot  of  gas  at  the  ord- 
inary temperature  of  thin  air  to  be  .075  lbs., 
the  volume  of  carbonic  oxide,  hydrocarbon, 
and  hydrogen,  from  one  ton  of  coal  would 
be  about  53,000  ft.;  and  the  volume  of 
nitrogen  about  122,000  ft.,  or  making  to- 
gether a  total  of  175,943  ft.  The  consump- 
tion of  coal  in  the  producers  at  Barrow  be- 
ing 500  tons  per  week,  it  gave  an  amount  of 
gas  passing  through  the  tubes  at  the  rate  of 
6 J  ft.  per  second,  of  87,000,000  cubic  feet ; 
or  through  the  various  furnaces,  adding  the 
quantity  of  air  there  admitted,  of  6,600 
tons.  The  saving  of  fuel  by  this  pro- 
cess at  Barrow  was,  over  a  period  of 
two  years,  no  less  than  44  per  cent ;  but 
the  actual  money  saving,  by  the  use  of  a 
particular  kind  of  coal,  had  been  more  than 
one-half.  The  yield  of  the  gas  furnaces,  taken 
over  the  same  period,  showed  a  saving  of  31 
per  cent  as  compared  with  the  work  at  the 
firing  furnaces,  and  the  amount  of  repairs 
was  just  two-thirds  of  the  old  cost.  In 
these  three  particulars  was  undoubtedly  to 
be  found  the  chief  economy;  but  the  adop- 
tion of  the  system  enabled  them  to  preserve 
greater  cleanliness  and  order  in  their  works, 
and  an  entire  absence  of  smoke  met  a  dif- 
ficulty which  in  the  neighborhood  of  large 
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towns,  was  every  year  becoming  a  greater 
grievance.  There  wag,  he  admit  ted,  a  slight- 
ly increased  outlay  on  the  plant ;  but  taking 
into  consideration  the  increased  capabilities 
as  to  quantity,  it  would  be  found  to  repres- 
ent  the  difference  in  coat  between  the  two 
systems. 

RAILWAY  WORKINa 

From  *'  Eogiaeorisg." 


line  of  railway  has,  say,  6,000 
on  the  average    to   be    carried 


A  given 

passengers, 

daily.  Whatever  pair  of  factors  of  this 
number  be  taken,  one  repreBents  the  number 
of  passengers  per  train.  There  may  be  ten 
trains  with  five  hundred  passengers  in  each, 
or  five  hundred  trains  with  ten  passengers  in 
each  ;  or,  intermediately,  fifty  trains  with 
one  hundred  passengers  in  each.  As  for 
•*  railway  economy*'  there  can  be  no  question 
as  to  which  of  these  three  divisions  of  daily 
traffic  would  best  pay  the  shareholders,  but 
it  is  equally  clear  that  the  ten  trains,  of  five 
hundred  passengers  each,  would  not  suit  the 
imperative  requirements  of  public  conveni- 
ence. The  passenger  wishes  to  hail  a  train 
much  as  be  would  hail  a  cab.  Nothing  would 
suit  him  belter  than  to  have  it  all  to  himself, 
or  to  himself  and  his  friends.  So  there 
must  be  a  compromise  somewhere.  It  will 
neither  do  to  run  a  train,  or  even  a  special 
carriage,  for  every  passenger  who  has  an  im- 
portant engagement,  and  who  must,  or  thinks 
he  must,  be  off  at  once,  nor  will  it  do  to  keep 
equally  impatient  passengers  waiting  for  even 
an  hour  so  that  five  hundred  may  be  packed 
off  together.  Somebody  has  put  forth  a 
pamphlet,  from  the  manager's  and  share- 
holder's point  of  view,  arguing  that  fewer 
and  better  fiUed  passenger  trains  are  essen- 
tial to  the  recovery  of  railway  property. 
The  Times  comes  down  promptly  upon  it, 
arguing,  in  substance,  but  with  perhaps  less 
force,  that  passengers  must  have  trains  in 
waiting  ;or  them  whenever  they  happen  to 
want  them,  and  that  if  A  finds  it  necessary 
or  convenient  to  go  at  11  a.m.,  B  has  aright 
to  a  train  for  himself  at  11.5  or  11.10,  and 
C,  if  not  prepared  to  go  with  either,  should 
have  his  train  at  11,15  or  11.20.  To  all  this 
we  heartily  agree,  merely  premising  that  A, 
B,  and  C  should  respectively  pay  for  their 
special  trains,  or  club  the  cost  witb  their 
friends,  desiring  to  enjoy  their  society  en 
rmttt.  It  is  not,  of  course,  the  business  of 
a  railway  company  to  provide  passengers  for 
train,  but  conveyance  merely.     The 


passengers  must  ooote  or  tfUj  away.  m;I 
choose. 

But  without  pursuiBg  this  Itfteof  I 
it  is  almost  needless  to  say  ilkat  t^  ] 
system  of  railway  rolUns  ftoek  is 
for  long,   well-filled,   and, 
trains,  and  ihb  merely  becau 
must   occasional! J,    aUhoogh  Qii4 
taken.     The  resources  of  a  i 
must  never  break  down,  and  the  < 
draws  its  six  carrlagea  far  tweatjJ 
twenty-six  week  days  is  %  nifaoth 
able  to  manage  twenty  or  thirty  al 
the  same  speed  on  the  ainglo 
of  the  calendar.      It  might  bei 
two  engines  could  be  employed 
train,  or  that  the  train  mi^ht  be 
two,  with  an  engine  to  emoh  halt 
is  not  the  cuBtom. 

Cannot  frequency  of  trains^ 
corresponding  public  convenieiKH,  he  i 
ed  with  rolling  stock  eef^eeialiy 
a  given  service,  meanixig  by 
conveyance  of  a  definite 
of   passengers    at    a   given    speed f 
hundred  passengers  are  to  bo  taken  i 
as  well  be  taken  in  one  as  in  three 
carriages,  although  it  Ib  not  ta  bo  i 
that,  with  three  cl&sses,  the  twenty 
class,  the  thirty  seconds,  and  the  forty  ^ 
may  not  arrive  in  the  exact  order  lo  \ 
the  wisdom  and  libeml  provision  nf  < 
signer  and  carriage  bnilder  may  ^ 
ed  them.     There  may  be  forty  I 
seconds,  and  no  thirds  ;  or,  poaaib 
at  all,  ten  seconda,  and  a  Lc 
thirds.     If  we  could  but  arrtv#  at  ( 
cratiG  equality  of  the  American 
not  that  any  one  wishes  it — we  mighl  \ 
the  whole  hundred  of  the  company 
many  seats. 

But,  taking  our  Ideal,  if,  indeed,  it  I 
a  fair  average  real  train,  we  ahoold 
ten  compartments,  if  not  cdeTun,  and,  J 
say  ten,  between  50  ft.  and  55  ft.  m  I 
for  the  compartmenta  alcat»*     Aa  i 
ments,  filled  with  paaaeilgei^,  they^ 
weigh  beyond  15  tonfl — of  oaiirB«, 
tive  of  the  springs,  nxle  giianU, 
wheels  beneath,     ^7ow,   what 
quisite  to  draw  this  weight,  aay 
age  gradients  of  1  in  100  to  1  in  t2U0  f 
least  calculation  will  ahow   the  powvr  1^ 
so  small  that  a  "  modem  *^  lo«>oa<kCSf«J 
abominably  huge  and  heavy  in 
Upon  the  double  bogie  plan  ibe  ten 
ments  may  readily  be   comprised 
single  carriage,  and  at  cme  cod,  at  \ 
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^Triage  would  be  supported  upon  the  engine 
[Fairlie*8  plan),  leaving  only  a  four  wheel  or 
lix  wheel  bogie  to  support  the  other  end,  a 
bogie  weighing,  perhaps,  three  tons.  The 
engine,  proper,  would  then  require  to  be  of 
Buch  power  as  would  draw  18  tons  only  in 
addition  to  its  own  weight.  Upon  gradients 
of  from  1  in  250  to  1  in  100,  this  weight,  at 
BO  miles  an  hour,  would  involve  a  tractive 
resistance  of  but  from  480  lbs.  to  920  lbs. 
It  is  evident,  from  the  very  extent  of  these 
resistances,  that  a  tank  engine  of  ten  tons* 
freight  would  be  sufficiently  strong  to  over- 
come them  as  well  as  its  own  resistance,  or, 
Bay,  28  tons  in  all,  giving  an  average  resist- 
ance on  gradients  of,  say,  1  in  140,  amount- 
ing to  less  than  1,000  lbs.,  which,  at  30  miles 
an  hour,  would  correspond  to  80  horse  power. 
With  a  pair  of  9  in.  cylinders,  15  in.  stroke, 
and  four  coupled  5  ft.  wheels,  this  resistance 
would  require  a  mean  effective  pressure  of  a 
little  less  than  50  lbs.  per  square  inch  upon 
the  pistons  throughout  their  strokes,  while 
upon  a  level  the  necessary  pressure  would 
be  less  than  25  lbs.,  and  the  horse  power 
hardly  40,  equal  to  which  a  good  12  horse 
(nominal)  portable  engine  is  often  made  to 
work.  Now,  with  an  ordinary  22  ton  engine 
and  tender,  weighing  in  all  30  tons — such  an 
engine  as  is  very  commonly  employed  upon 
light  trains,  having,  say,  14  in.  cylinders, 
18  in.  stroke,  and  5  ft.  driving  wheels— its 
own  resistance  at  30  miles  an  hour  on  a  level 
is  not  less  than  720  lbs.  requiring  12  lbs. 
mean  effective  pressure  per  square  inch  upon 
pistons  of  nearly  twice  the  area  assumed  for 
the  steam  carriage.  The  engine  and  tender, 
or  even  the  tank  engine  commonly  employed 
npon  light  traffic  lines  weighs,  on  the  aver- 
age, as  much  as  the  train  drawn,  often,  in- 
deed, even  more. 

It  need  hardly  be  said  that  the  resistances 
of  engines  and  trains  have  been  established 
by  numberless  experiments,  that  the  resist- 
ance due  to  any  given  weight  is  therefore 
readily  calculable,  that  it  is  always  in  pro- 
portion to  the  weight,  and  that  the  cost  of 
working,  and  especially  wear  and  tear,  are 
in  proportion  to  the  resistance.  With  a  given 
line,  then,  power  can  be  economized  and 
wear  and  tear  lessened  only  by  keeping  down 
the  weight,  and  why  engineers  should  in.^ist 
!W  they  do  in  keeping  it  up  we  cannot  explain. 
With  the  bogie,  at  each  end,  the  single  long 
carriage  can  be  made  much  lighter  than 
shorter  carriages  seating  the  same  number  of 
Nt^engers,  each  carriage  having  its  two  ends, 
ts  buffers,  etc.  The  steam  carriage  wo  have  I 
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spoken  of  runs  upon  eight  wheels,  with  not 
more  than  3^  or  4  tons  each  on  even  the 
driving  wheels,  whereas  the  ordinary  "  train," 
to  accommodate  the  same  number  of  passen- 
gers, would  have  from  22  to  26  wheels  with 
a  maximum  load  of  at  least  5  tons  on  each 
driving  wheel.  The  long  single  carriage 
would  be  unquestionably  the  easier  of  motion, 
and  it  has  been  demonstrated  beyond  all 
question  by  the  experiments  at  Uatcham 
that  it  can  be  safely  backed  at  twenty  miles 
an  hour  around  curves  of  no  more  than  50  ft. 
radius. 

AVe  should  be  sorry  to  believe  in  the  truth 
of  the  charge,  so  often  made,  that  railway 
managers  and  engineers  are  disposed  to  set 
their  faces  against  all  improvements  out  of 
which  they  are  likely  to  make  nothing  for 
themselves.  But  we  often  regret  that  the 
salaries  of  these  officers  are  not  more  gener- 
ally made  partly  dependent  upon  the  econo- 
mies which  they  may  effect.  As  it  is,  the 
general  manager  in  the  receipt  of  a  fixed 
salary  of  from  £2,000  to  £5,000  a  year,  and 
the  locomotive  superintendent  in  receipt,  ac- 
cording to  position,  of  from  £800  to  £5,000 
(and  there  is  one  case  tirhere  the  latter  sum 
is  paid),  do  not  much  care  to  be  bothered. 
And  so  shareholders  lose,  and  those  who 
would  do  them  real  service  are,  to  employ  a 
serviceable  phrase,  **  left  out  in  the  cold.'* 
Hut  we  have  hopes  still  left,  and  we  must 
find  other  reasons,  possibly  less  disinterested 
to  the  gentlemen  in  question,  if  they  persist 
much  longer  in  willful  ignorance  of  what  not 
only  may  be  but  actually  has  been  done  in 
the  direction  we  have  pointed  out. 


STIFFNESS  OF  THE  ROPE. 

Written  for  Vain  Nontrand't  Magaiine  bj  Capt.  A. 
Hill,  G.  £. 

On  bending  a  rope  over  an  axle  or  a  pul- 
ley, a  certain  amount  of  resistance  is  en- 
countered. This  resistance  is  called  the 
stiffness  of  the  rope.  To  ascertain  by  ex- 
periment the  amount  of  this  resistance, 
ropes  may  be  bent  around  cyliu'lers,  which 
are  then  allowed  to  roll  on  a  horizontal 
plane.  The  difference  in  the  weights  which 
are  suspended  on  both  rope-ends,  and  which 
produce  a  slow  rolling  motion,  will,  after 
subtracting  the  rolling  friction,  give  the 
amount  of  this  resistance,  or  determine 
wh:it  is  called  the  stiffness  of  the  rope. 

After  those  experiments,  which,  however, 
must  not  be  considered  final,  the  resistance 
offered  through  the  stiffness  of  the  rope,» 
may  be  expressed  by  the  formula 
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<J  = 


A«J* 


Q. 


in  which  Q  represents  the  tension  of  the 
rope»  r  the  radius  of  the  cylinder  increased 
by  one  half  the  thicknes  of  the  rope,  6  the 
diameter  of  the  rope,  and  k  a  co-efficient 
obtained  l>y  experience.  For  the  metric 
Bjistein  ^  ^  18. 

Tarred  ropes  have  always  a  greater  stiff- 
ness than  untarred  ones.  Wet  ropes,  if 
thin,  eliof¥  a  greater,  if  thick,  a  less  flexi- 
bility, other  circumstances  being  equal. 

After  the  previous  formula,  a  rope  of  two 
centimeter  diameter,  bent  over  a  cylinder  of 
four  decimeter  radius,  stretched  by  a  weight 
of  1,000  kilogrammes,  shows  a  resistance 
from  BtlffneBS  of  about  18  kilogrammes.  A 
similar  result  is  obtained  when  a  chain  is 
wound  round  a  cylinder.  In  this  case, 
especially  on  winding  and  unwinding,  the 
resistance  is  occasioned  by  the  friction  of 
the  iieveral  links.  The  force  necessary  to 
overcame  the  resistance  may  approximately 

he  called  '^     Q,  in  which  6  is  the  diameter 

of  the  iron  in  the  links,  /i  the  co-efficient  of 
aliding  friction,  r  the  radius  of  the  cylinder 
increased  by  one  half  the  diameter  of  the 
links,  and  Q  the  suspend- 
ed weight. 

Over  a  fixed  pulley  A 
a  rope  is  bent,  on  the  ver- 
tical ends  of  which  the 
forces  P  and  Q  are  sus- 
pended* 

How  great  must  P  be- 
come ill  order  to  balance 
Q  and  all  resistance  ? 
Let  r  be  the  radius  of 
the  pulley  increased  by 
one  half  the  diameter  of 
the  rope,  c  the  radius  of 
the  pin,  d  diameter  of  the 
rope,  W  the  weight  of  the 
pulley,  the  rope  and  the 
pin*  then  will 

Pr=  Q{r +  *<!•) +^C{P  +  Q  +  W) 
whence 

Take  for  example,  r  =  0."12;  6  =  0,"^ 
028  ;  71  -  0.1;  f  =  or  01 ;  Q  =  200  kil.;  W 
-  5  kiL,  then  will  P  =  224.24  kil. 

Round  the  movable  pulley  A,  on  the  pin 
of  which  the  weight  Q  is  suspended,  a  rope 
is  bent.  How  large  must  the  force  P  be- 
come in  order  to  balance  Q  and  all  resist- 
ance t 


l^^^S^ 


Using  t 
for   the  81 
tho     equa 
now 
Pr=(rH 

whence 
P  =  - 

X  Q+j 

And  s^ 
same  valu 
obtain  her 

To  find 
of  movab] 
the  direct 
ends  are  i 
of  all  the 

Let  -0, 
sions   of 
sive  rope 
put 
r  +  k^ 
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Q  +  ri 

But  P  = 

r  +  l 
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svecessive  tensions  of  the 
rope,  beginning  with  the 
fixed  end.  From  (a)  we 
obtain 

"Tt     r.       r  —  fig 
or  making 

V',  =  «  V^p  ^^^  hence 

V,  =  a  V^,  =  a' V', 

butV*  +  V',  +  tA.  +  ..., 

in  which  AV  equals  the 
weight  of  the  system  of 
movable  pulleys. 

Snbstitutiug  in  this  last 
equation  the  values  for 
tf)  J  V't  •  •  •  •  V^n  '^^  terms 
of  V'p  ^^  obtain 
V'l  (!  +  «  +  «•+ 

orV^,  =  Q+w(j3]) 

but  since  P  =  a°  V'l*  ^® 
have 


HOW  TO  Build. — We  read  that  the  build- 
ers of  ancient  Rome  were  obliged  to 
warrant  their  private  buildings  for  ten  years, 
and  their  public  ones  for  fifteen.  Moreover, 
every  accident  arising  from  bad  constructiou 
during  these  periods  was  to  be  made  good  by 
them  or  their  heirs.  If  they  were  unable  to 
make  the  necessary  repairs,  they  were  whip- 
ped, shamed  and  banished.  Some  such  law 
like  this,  if  it  could  be  enforced  in  the  nine- 
teenth century,  within  the  bills  of  mortality 
of  this  great  city  of  London,  would  work  a 
Balatary  and  lasting  reform.  It  is  not  ''  how 
to  build,"  but  how  not  to  build;  consequent- 
ly structures  are  very  often,  in  fact  are 
daily,  being  erected,  whose  best  recommen- 
dation is  that  they  are  certain  to  kill  off 
some  portion  of  every  family  which  may 
have  the  miitfortune  to  live  in  them. 

In  the  first  stage  of  their  existence,  they 
effect  this  by  dampness,  want  of  ventilation 
and  the  absence  of  any  proper  system  of 
drainage.  In  the  second  stage  of  existence 
of  these  houses,  they  kill  off  their  inmate? 
by  the  presence  of  too  much  ventilation. 
Doors,  windows,  and  roofs  exhibit  the  effects 
of  employing  green  or  unseasoned  timber; 
aching  pains  begin  to  trouble  the  joints  and 


shoulders ;  and,  like  the  human  body«  the 
framing  body  of  joinery  creaks  with  a 
chronic  asthma.  In  the  house  where  there 
was  insufficient  ventilation  fiirst,  there  is  any 
quantity  of  wind  and  weather  now,  for  tenon 
and  mortise  part  compaby,  and  paper,  lath, 
and  plaster  foUow^suit,  with  a  groan  for  the 
internal  genii. 

The  third  stage  in  the  life  of  those  model 
structures  is  this :  that  they  suddenly  drop 
to  the  earth  with  an  epileptic  spasm,  with- 
out the  least  external  warning ;  and  in  an- 
nihilating themselves  they  bury  several 
families  in  the  one  general  crash. 

Need  we  add  the  sequel  ?  Scarcely.  We 
will  simply  note  an  **  inquest,'* — verdict, 
**  accidental  death."  Not  a  word  of  cen- 
sure on  the  ** jerry  builder"  or  sham  con- 
tractor, who  made  a  nice  thing  out  of  specu- 
lating in  the  blood  of  his  fellow  beings. 
Not  a  word  of  reproof  on  the  man  that 
*'  did  not  want  any  of  your  confounded 
architects."  Not  one  word  on  the  jack-of- 
all-trades  who  was  surveyor,  engineer,  archi- 
tect, and  all.  No,  not  a  word.  He,  like 
other  *'  lucky  dogs,"  caught  up  the  "  tip  " 
of  the  day,  and  his  trade  is  to  build  to  sell^ 
and  not  to  build  to  last. 

Oh,  would  that  the  old  Roman  law  were 
still  in  force,  or  that  a  vigilance  committee 
were  embodied  so  that  the  building  ghouls 
of  London  could  be  **  whipped,  shamed  and 
banished"  from  the  country! — Builder, 

ENGINE  Cranks  Cast  prom  Steel.-^ 
Messrs.  Vickers,  Sons  &  Co.,  Sheffield, 
have  turned  out  the  second  of  two  of  the 
largest  steel  cranks  ever  made,  and  these 
cast  direct  to  shape,  and  not  as  an  ingot. — 
Its  weight,  as  cast,  was  38,500  lbs.,  or  about 
17  tons  4  cwt.  Five  hundred  and  fifty  cru- 
cibles were  poured,  in  regular  order,  in 
malting  it.  Steel  castings  have  shown  sur- 
prising and  uniform  cohesive  strength  and 
toughness.  They  are  unquestionably  free 
from  any  internal  flaws  or  defects  of  any  kind. 
A  oast-steel  engine  crank,  especially  of 
large  dimensions,  is  more  likely  to  be  sound 
(apart  from  the  greater  strength  of  steel  per 
se)  than  a  heavy  wrought-iron  forging  of  the 
same  shape.  Even  in  wrought-iron  forgiugs 
presenting  no  visible  or  definite  flaw,  sec- 
tions cut  out  and  tested  have  been  found 
to  bear  no  more  than  7,000  or  8,000  lbs.  per 
sq.  in.  The  strength  of  steel,  on  the  contra- 
ry, would  not  vary  much  from  70,000  lbs. — 
a  strength  attended  with  great  toughness  or 
endurance  when  exposed  to  sudden  shocks. 
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The  Gerner  Rc-iriforcement  consists  in  '  the  neccjisitv  for  **  slaying*^  and  the  use  of 
|»liiGing  within  a  cylindricid  boiler  another ;  heavy  iron  in  ita  congtruftion.  The  water 
cylinder  of  just  feufficieutly  smaller  size  to  |  being  carried  so  high  in  the  boiler  admits  of 
l«ittve  a  spaue  (when  set  a  little  out  of  eenter)  the  brick -work  being  ect  oft'  from  it,  and  the 
of  about  4  in,  at  the   bottom  and  ends,  in- 1  lire  thus  carried  entirely  around  it,  throujrh- 


crtjah'iug  gradually  to  almut  0  in.  at  the  top 
ThiH  cylinder,  by  displacing  the  I  urge  maas 
of  water,  a.^  shown  in  Fiir,  2,  reduecsi  it  to  a 
thin  t^betit,  which  tiUs  the  s^pace  between  the 
two  cylinders,  and  entirely  surrounds  the 
inner  one ;  the  water  line  being  now  near 
the  top  instead  of  the  middle  of  the  boiler. 
The  inner  cylinder  im  simply  supixirted  at 
each  end  by  a  bracket  attaebed  to  the  outer 
l>oilcr,  and  i^  provided  with  a  dome,  open  at 
the  top,  standing  within  the  dome  of  the 
oatt^ide  cylinder.  The  steain^  as  it  in  gene- 
rated, rUes,  as  shown  by  the  arrowR  in  Fig, 
4,  into  the  outer  dome,  and  thence  pa^scti 
by  the  inner  dome  into  the  interior  of  the 
inner  cylinder,  which  thus  bceomc*  a  large 
itteam  reservoir  entirely  tilled  with  dry  i^team, 
which  is  kept  in  its  normal  condition  by  the 
Jacket  of  hot  water  which  surrounds  and 
protects  it  from  radiation,  the  temperature 
which  protects  being  the  same  that  pro- 
duced it.  The  steam -pipe  K  hgU  as  a  steam- 
trap  to  •convey  only  dry  btenm.  It  w^iU  be 
observed  that  tho  prcstsure  of  tfie  steam 
within  the  reservoir  cfjualizes  that  of  tho 
a^eaiii  in  the  water  oat^flde,  thus  obviating 


out    its   entire    length    and    ends,    thereby 
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doubling  the  extent  of  heating  surface. 
The  brick-work  may  be  thrown  in  an  arch 
over  the  boiler,  or  the  successive  layers  of 
brick  '*  stepped  in  '*  like  a  reverberatory 
furnace,  as  shown  in  Fig.  3.  It  should  also 
be  observed  that  the  lessened  volume  of 
water  materially  increases  the  safety  of  the 
boiler.  C.  Wye  Williams,  in  his  able  work 
on  *'  Heat  and  Steam,**  page  171,  asserts 
that  **the  risk  of  explosion  is  greatly  in- 
creased by  the  increase  of  water  in  the 
boiler,  every  cubic  foot  of  which,  beyond 
what  is  absolutely  necessary  for  the  genera- 
tion of  steam,  being  an  additional  source  of 
danger." 

The  Stationary  Boiler. — Figs.  6  and  6  re- 
present the  usual  form  of  the  Gerner  sta- 
tionary boiler.  The  shell  is  cone-shaped, 
its  smaller  end  being  over  the  grate ;  the 
axis  is  set  level.  The  flame  envelopes  the 
loiler,  and  its  escape  is  checked  at  the  top 
and  sides  by  a  brick  partition  at  the  rear, 
and  its  exit  is  through  a  vent  underneath 
the  larger  end  of  the  boiler  into  the  flue  and 
chimney.  Within  the  shell  is  placed  a  simi- 
lar cylinder  of  less  dimensions,  leaving  an  an- 
nular water  space  of  about  4  in.  at  the  bot- 
tom, and  6  in.  at  the  top. 

The  angle  of  the  heating  surface,  as  here 
presented  to  the  action  of  the  fire,  is  best 
calculated  to  catch  and  absorb  the  heat,  im- 
pingement being  more  direct  and  effective, 
while  the  free  circulation  of  the  water,  from 
the  position  in  which  the  conical  shells  re- 
tain it,  is  greatly  promoted.  This  form  also 
provides  an  extensive  combustion  chamber, 
wherein  the  gases  may  become  thoroughly 
ignited,  while  the  rapidly  narrowing  passage 
towards  the  flue,  in  both  the  vertical  and 
horizontal  direction,  so  progressively  retards 
the  gasQS  in  their  passage  to  the  outlet,  that 
their  combustion  is  perfected,  and  their  heat, 
as  far  as  possible,  imparted  to  the  boiler. 
There  is  no  lodgment  for  refuse,  ashes  and 
dirt  about  the  boiler,  and  all  sediment  with- 
in is  naturally  deposited  at  its  lowest  point, 
T,  whence  it  is  easily  blown  off.  The  ad- 
vantage derived  from  setting  the  boiler  with- 
out contact  with  the  brick-work  is  great,  for 
when,  as  is  necessary  with  ordinary  boilers, 
the  brick-work  and  the  boiler  are  brought 
in  contact,  any  water  from  the  top  will  set- 
tle at  the  point  of  contact,  become  decom- 
posed, and  very  quickly  weaken  the  boiler 
by  oxidizing  the  iron.     The  **  Society  for 

"»  Prevention  of  Boiler  Explosions,'*  in 
>nd,  report  that  50  per  cent  of  the  ex- 
'VB  of  stationary   boilers   are   clearly 


traceable  to  this  cause.  Unequal  expawi 
and  contraction  are  also,  doubtless,  hi  hua 
promoted  in  a  boiler  bat  half  bricked  ii,  u 
in  a  tubular  or  locomotive  boiler  with  it$ 
varying  diameters  and  position  of  shell  &&•! 
tubes ;  for  the  upper  half,  exposed  to  the 
atmosphere,  while  the  lower  part  is  subject 
to  intense  heat,  must  be  unequally  affected, 
and  soon  lead  to  the  rapid  destrgctioa  of  tb« 
boiler. 

The  Portable  Bailer. — This  boiler,  Ti^ 
9,  10  and  II,  h»  the  form  throiij^boiit  of  t 
locomotive  fire-box,  with  a  double  shell  lU 
over,  and  open  at  the  back  end,  the  8|nc« 
between  the  shells  being  about  8  ia.  at  the 
bottom,  4  in.  at  the  sides  and  froDt  end,  ind 
10  or  12  in.  at  the  top.  Within  this  fire- 
box shaped  boiler  is  placed  an  exact  eooitcr- 
part  of  the  Gerner  stationarj  boiler.  The 
feed-pipe  to  both  the  inner  and  outer  buler 
is  shown  at  F  F,  and  the  connecting  pipe  at 
X.  Apart  from  these  two  pipes  there  is  no 
water  or  steam  connection  between  the  two 
boilers,  and  with  these  connections  severed, 
the  boilers  become  in  fact  two  separate  steam 
generators.  The  inner  boiler  is  supported 
by  a  rod  in  its  front  end,  resting  within  an 
expanded  tube  in  the  front  of  the  enter 
boiler,  and  by  two  s«t  screws  S  8,  Fig.  11, 
which  pass  through  lugs  in  the  dome,  on  to 
a  plate  on  the  outside  of  the  outer  boiler. 
The  open  end  of  the  outer  boiler,  after  the 
inner  boiler  is  placed  in  position,  is  eloped 
by  a  cast-iron  plate,  which  arrests  the  flames 
after  their  passage  around  and  underneath 
the  inner  boiler,  and  diverts  them  into  the 
uptake  or  chimney.  A  plate  B  is  plaee«i 
underneath  the  inner  boiler  near  the  baek 
end,  to  reduce  the  size  of  the  escape  fliie, 
and  to  compel  the  heat  to  strike  the  bottom 
of  the  boiler  in  the  rear.  The  water-line  io 
both  boilers  is  the  same,  and  the  steam  from 
both  is  conveyed  into  the  steam  reservoir  B. 

It  is  a  well-known  fact  that  the  fire-box 
of  a  locomotive  boiler  is  its  most  effeetire 
part,  owing  to  the  free  development  snd 
maintenance  of  the  fiana  in  one  mass,  not 
divided  by  flues,  thus  illustrating  the  rale 
laid  down  by  Sir  Humphrey  Davy,  that 
**heat  communicated  by  flame  depends  on 
its  mass."  This  principle  bas  been  ftill 
further  illustrated  by  the  fact,  that  the  effi- 
ciency and  economy  of  many  tubular  boilen 
has  been  greatly  increased  by  lengthening 
the  fire-box  and  cutting  down  the  length  of 
the  tubes.  In  view  of  these  facts,  it  is 
claimed  that  the  outer  boiler,  above  de- 
scribed, furnishes  very  effective  and  desira- 
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able  rarface  for  the  genera- 
lion  of  steftni,  without  pro* 
sentin^  any  impetliiiient  for 
the  free  circiiUtion  of  the 
water  within,  or  lodgment  of 
Eixlios  or  refuse  without;  and! 
fhiit  the  inner  boiler  adds  the* 
other  atlvantttgea  of  the  Gor- 
ier principle. 

The  Marine  Boiler, — This 
Oiler,  Figs.  13  and  14,  may 
1)1-^  dencribod  h&  a  single  re- 
iuru  couical  fine  boiler,  fornix 
in*ij  a  conical  eombiii^tiou 
rhamber.  Its  peouHarity 
fonsists  in  it.t  conieiil  shaped 
flues  and  their  aDiiiikr  water 
spaces. 
The  outer  shell  A  it»  a  j.lain  cj^lin«!cn  the  inner  shell  B 
onforms  to  the  shape  of  the  outer  shell  (forming  a  spare 
ncroasing  from  4  to  G  in.  between  the  two),  to  a  heiglib 
rnuewhat  above  the  center  of  the  boiler^  from  thence  it 
nrns  inwardly,  and  dropping  down  connects  with  the  outer 
.liell  of  the  double-shelled  conical  flue.  Tlds  doubled  shell- 
ed conical  fluo  traverses  the  length  of  the  boiler,  its  STiialler 
end  being  over  the  grate  bars,  and  the  interior  of  it.«  inner 
sheU  is  U*ed  a^  a  return  flue  to  the  uptake  at  the  front  of  the  boiler,  instead  of  an  interior 
Bteam  receiver.  The  water  spficc  of  from  4  to  G  in.  between  the  shells  of  the  outer 
boiler  connects  at  the  ends  and  on  top  with  tho^c  of  the  doubled  shelled  fluo.  which  aro 
of  the  same  width,  and  there  is  a  further  eormcetion  between  the  water  bottom  near 
its   backend,  and  tho  water  space  arouud  the  conical  flue  at  its   largetit  end,  by  the 
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The  Geruer  Marine  Boiler* 


clrculatinjE  pipe  G.  The  fire-box  or  furnace 
portion  of  the  boiler,  it  will  be  seen,  is  very 
cxtc4i^ivCf  wherein  the  flame  is  maintained 
in  an  undivided  raass»  and  the  heating  sur- 
face on  all  sides  presented  to  its  action  in  a 
manner  best  calculated  to  obtain  jC-rcat  efti- 
ciency.  The  gradually  narrowing  passage 
towards  the  opening  into  the  return  flue  re- 
tarils  the  gases  of  combastioo  unril  ihe 
greater  amount  of  direct  heat  is  utUissod, 
and  after  enterinc  the  flue,  thej  are  sfill 
further  retarded  in  iheir  escapo  to  ihc 
chimney  by  the  tapering  form  of  the  flue, 
and  their  entire  available  heat  imported,  as 
far  tks  possible,  to  the  plates  contAining  thin 
•heeta  of  water. 

Bate  af  £pflporfffi07t.— The  authority  we 
have  referred  to  gives,  **  from  actual  know- 
ledge/' the  rejiuUa  of  a  trial  of  a  Geruer 
ataiiouary  boiler,  by  the  means  adopted  in 
the  U.  S,  Navy  experiments.  The  boiler  is 
10  iL  long,  2  fu  front,  and  3  ft.  reardiaiide* 
ter,  with  a  grate  surface  of  4^*y  tq.  ft. 
The  experimenU  show  that  the  boiler  is 
producing  500  lbs.  of  dry  steam  per  hour 
fur  ^veTj  50  Ihs.  of  coal  consumed,  after 
setting  a^ide  the  fraction  ,65  of  a  lb.  over 
14)  lbs.  of  steam  produced  by  the  consump- 
tion of  a  pound  of  anthracite.  This  margin 
of  6.5  per  cent  of  the  total  produeiion  will 
eover  many  of  the  defects  of  uuhkUlful 
firing.  Assuming,  then,  that  in  pnietice  the 
boiler  will  evaporate  .^00  lbs.  of  water  per 
)isinr  with  a  consumption  of  .lO  lbs.  of  coal, 
Mil  1  Alli^wing  153  lbs,  of  water  to  be  the  fair 
1  ti>f  a  horse-power,  this  boiler  is  capa- 

ir*i»lving  l.S  horrse-power.    The  total 

V  -e  being  >H^^.^'*^  ^t\.  ft.,  and  the 

:^iued  being  over  15  horse-power, 

\  &((.  ft.  in  these  boilers  to  be  suffi* 


cient  to  produce  a  Korse-power,  aad  i 
trates  the  efBciency  of  tbe  hv 

The  test  of  a  marine  h^W- 
upon  the  hame  plan  aa  i^' 
s^  earn -vessel)  now  io  ofitr 
York  and  Erie  R.  R.  Genemi  ad 
Opera  House),  >'ew  Y««rk,  U 
same  authority.  The  btjtli^r  b  16  1 
O.^ft  in  diameter,  a&d  has  produ^tni^  i 
ing  to  the  te^tinioay  of  J-  W* 
Superintendent  of  Motive  Pow«r  X. 
K,  R.  K.,  110  horse-power,  S.dHOUa  wil 
evaporated  per  hour,  wtth  mn  eouauBinl  I 
suit  of  over  VI  lb«.  of  wsier  Io  1  Ik 
coal.  The  entire  heating  aurfapc  Wisgl 
400  sq.  fl.,  gives  Ic^  than  4  aq.  fL_ 
horse-power. 

This  result  may  be  better  ar 
taking  in  compariioti  a  ctibular 
23 J  ft.  lonp  by  H  ft,  in  diameter,  eoot 
with    its  tube^  a  total   l 
1,139  sq,  ft,     Sisch  m  boilv   . 
ordinary  standard  of  15  aq.  ft.  tit  a  I 
power,    would   be   ealtmaliAl    at 
power,    and    its    ate^uly    c^rooooiii 
could  hardly  bo  relied  tipoo  at  ov 
pounds  water  to  1  of  coal,  with  no 
ance  whatever  of  the    '  ttf  ita 

There   is  no  doubt 
inefficiency  of  Iicui'mj       ■   :  . 
small  flues.     Varu'   -       :  i     . 
quoted   in   this   *     i        ; :   «, 
Armstrong  (reti»*  i    i  ;     lioamii), 
that   '*the  present  ctiti-^;   i   •     n  nf 
tltnbular  built^r,  as  it  i>  ma 

fit  a  ted   as  a  disgrace 
age  of  progress.**     C. 
**  Beat,  comiiiuni**%tpd    hy  flame, 
(Kfud  on  its  mass;**  aUo  tliat  **tbe  ti 
sjstem   IB  ohemicallj,    mecbatiieallj.j 
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practically  a  destroyer  of  igDition  and  the 
BttstaiDcd  existeDcc  of  flaiue.**  Again  Le 
says :  *•  The  result  of  the  adoption  of  the 
multitubular  system  has  been  a  less  perfect 
combustion,  a  larger  development  of  opaque 
smoke,  a  greater  waste  of  fuel  and  heat,  and 
a  more  dangerous  application  of  it/* 

Various  recent  experiments  within  our 
own  knowledge  appear  to  confirm  these  views. 
In  one  small  locomotive  boiler,  for  instance, 
the  flues  were  almost  entirely  abandoned, 
and  the  fire-box  was  extended  nearly  the 
'whole  length  of  the  boiler  with  good  results. 
Exact  experiments,  however,  have  not  been 
made  in  this  case.  The  following  considera- 
tions, at  least,  will  be  admitted  by  all  ex- 
perts: fire-box  surfaces  are  vastly  more 
efficient  than  flue  surfaces.  In  the  multitu- 
bular boiler,  the  flame  entering  the  small 
tubes  is  extinguished,  combustion  of  the 
gases  ceases,  and  a  very  large  proportion  of 
the  otherwise  availalde  heat  pases  off  in 
smoke  and  unconsumed  gases,  and  is  lost ; 
free  circulation  of  water  is  obviously  im- 
peded by  the  multitude  of  small  tubes,  and 
the  small  inetrstices  between  them  provide 
a  very  ready  means  for  the  retention  of  im- 
purities in  the  water,  and  consequent  in- 
crustation ;  and,  finally,  the  mechanical  dif- 
ficulty of  keeping  the  tubes  tight,  in  their 
Taring  expansions  and  contractions,  is  an 
expensive  and  dangerous  experience  to  al- 
most all  who  have  used  them. 

The  claim  of  economy  made  for  the  Gerner 
boiler  appears,  therefore,  to  be  well  founded 
in  theory  as  well  as  in  practice.  The  safely 
of  the  cylindrical  form,  as  compared  with 
flat  sides,  is  obvious.  The  other  advantages 
claimed  have  been  referred  to  in  detail,  with 
the  descriptions  of  the  various  forms  of  the 
boiler.  We  may  add  that  these  boilers  are 
guaranteed  for  a  rate  of  vaporization  in  ac- 
cordance with  the  results  of  the  experiments 
above  stated. 


SAFETY  Car  Tricks.— Mr.  ^lorris,  of 
the  Housatonic  Railway,  has  devised  an 
improvement  for  relieving  the  effects  of  a 
broken  car  wheel  or  rail.  He  attaches  to 
the  truck  frame,  just  inside  of  tlic  wheels, 
two  stout  sled  runners,  made  of  heavy  plank 
shod  with  metal  or  entirely  of  metal.  In  case 
of  running  off  the  track,  these  runners  receive 
at  once  the  weight  of  the  car,  and  prevent  all 
but  a  slight  sinking  of  the  wheels.  They 
act  as  brakes  to  check  the  speed  and  also 
prevent  lateral  motion  of  the  car. 


COMBUSTION  UNDER  PRESSURE. 

From  «*  Engineering." 

We  propose  to  explain  briefly  what  we 
believe  to  be  the  theory  of  Mr.  Bcssemer's 
system  of  high-pressure  furnaces,  and  show 
why  the  fact  of  the  combustion  taking  place 
under  pressure  should  Ciiuse  the  intensity  of 
the  heat  produced  to  be  increased.  Fifteen 
or  sixteen  years  ago,  before  the  question  had 
been  settled  by  the  experiments  of  Reg- 
nault,  it  was  considered  by  many  investiga- 
tors, who  either  disbelieved  or  did  not  per- 
fectly comprehend  the  dynamical  theory  of 
heat,  that  the  specific  heat  of  air  and  other 
gases  was  decreased  by  an  increase  in  the 
pressure  under  which  they  were  confined. 
We  should  not  have  referred  to  this  fact 
here,  but  that  some  recent  writers,  arguing 
falsely  from  the  experiments  made  by  Cle- 
ments and  Desormes  early  in  the  present 
century,  have  endorsed  this  opinion,  and 
stated  that  the  specific  heat  of  gases  de- 
creased as  the  square  root  of  the  pret^sure 
to  which  they  were  exposed.  According  to 
these  theorists,  the  increase  of  temperature 
obtained  by  Mr.  Bessenier's  high  pressure 
system  would  be  simply  due  to  the  fact  that 
the  gases  generated  by  combustion  being 
under  prchsure,  had  a  less  specific  heat  than 
those  escaping  from  an  ordinary  furnace  fire, 
and  that  consequently  a  given  quantity  of 
heat  was  capable  of  raising  them  to  a  higher 
temperature  than  could  be  obtained  under 
ordinary  circumstances.  The  admirable  ex- 
periments of  Regnault,  however,  described 
by  him  in  the  •*  Comptes  Bendus "  for 
1853,  conclubively  proved  that  the  spe- 
cific heat  of  air  wiis  sensibly  constant  at  all 
pressures  and  temperatures  at  which  it  was 
tested,  and  the  explanation  we  have  just 
mentioned  is  therefore  an  untenable  one. 
We  shall  now  proceed  to  slate  what  we  be- 
lieve to  be  the  true  explanation  of  the  le- 
sults  obtained  by  Mr.  Bessemer,  these 
results  being,  we  consider,  fully  accounted 
for  by  the  dynapiical  theory  of  heat. 

It  was  long  ago  shown  by  Poisson  and 
Laplace  that  the  quantity  of  heat  required 
to  raise  the  temperature  of  a  given  weight 
of  any  gas,  a  certain  number  of  degrees,  is 
less  if  that  gas  was  maintained  at  a  constant 
volume,  than  if  it  is  allowed  to  expand 
freely  during  the  heating  process.  In  other 
words,  the  specific  heat  of  a  gas  maintained 
at  a  constant  volume  is  less  than  that  of  the 
same  gas  maintained  at  a  constant  pressure, 
the  difference  in  the  two  specific  heats  under 
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the  two  circumstances  being  due  to  the  heat 
absorbed  in  performing  the  work  of  expan- 
sion. In  the  case  of  air  the  two  specitic 
heats  have  been  ascertained  to  be  .169  and 
.238  respectively  (that  of  water  being  de- 
noted by  1),  and  it  thus  appears  that  a 
pound  of  air  in  expanding  to  the  extent  due 
to  a  rise  of  temperature  of  1",  absorbs,  or 
renders  latent,  .238 — .169  =  .069  of  a  unit 
of  heat.  It  is  to  this  fact  that  the  heating 
of  air  which  takes  place  under  compression 
is  due,  for  when  a  quantity  of  air  is  reduced 
in  bulk,  the  heat  which  had  been  previously 
employed  in  maintaining  it  in  an  expanded 
state  becomes  re-converted  into  sensible 
heat,  and  the  temperature  of  the  air  is 
raised  accordingly.  It  will  thus  be  seen  that 
the  compression  of  the  air  decs  not  increase 
the  quantity  of  heat  contained  in  it,  but 
merely  renders  sensible  a  portion  which  was 
previously  latent,  and  it  follows,  therefore, 
t'lat  a  certain  weight  of  air  or  gases  con- 
t  lining  a  given  quantity  of  heat  will  have 
a  higher  temperature  if  compressed  than  if 
maintained  at  ordinary  atmospheric  pres- 
sure. 

In  Mr.  Bessemer*8  high-pres«ure  furnaces 
the  gaseous  products  of  combustion  are,  it 
is  true,  not  allowed  to  expand  and  then 
heated  by  compression,  but  they  are  pre- 
vented from  expanding  as  they  would  do  in 
an  ordinary  furnace,  and,  as  far  as  the  re- 
sults go,  the  effect  is  the  same.  In  other 
words,  in  a  high-pressure  furnace  working 
at  a  pressure  of,  say,  two  atmospheres,  the 
temperature  of  the  gaseous  products  of 
combustion  is  the  same  as  if  they  had  been 
allowed  to  expand  under  ordinary  atmos- 
pheric pressure,  and  then  suddenly  coni- 
Srcsscd  until  the  pressure  became  doubled, 
fow  it  can  be  shown  by  reasoning  founded 
on  the  data  we  have  given,  that  what  is 
known  as  the  absolute  temperature  —  or 
the  temperature  in  degrees  Fahrenheit  + 
461.2** — of  any  given  quantity  of  air  will, 
if  that  air  be  compressed,  vary  as  the  .29th 
power*  of  its  pressure  above  a  vacuum  ;  or, 
in  other  words,  if  T,  =  absolute  temperature 
of  a  certain  quantity  of  air  under  a  pressure 
Pj,  its  temperature,  T,,  under  another  pres- 
sure, P„  will  equal  T.  X  (  p'  )  *" .     If  now 

we  assume,  as  we  probably  may  do  without 
any  sensible  error,  that  this  formula  for  air 
is  applicable  to  the  gaseous  products  of  com- 


•  The  .29th  power  of  any  number  may  be  readily 
•btained  by  the  aie  of  a  table  of  logarithms. 


bustion  obtained  in  a  high -pressure  i 
we  shall  be  in  a  position  to  calcaLitc 
crease  of  temperature  due  to  the  a 
of  the  high-pressure  system  in  any  | 
lar  case.  Perhaps  aa  example  or  t 
render  this  clearer. 

Let  us  suppose,  for  instance,  the 
a  furnace  in  which  the  proportions 
bonic  acid  and  carbonic  oxide  prodi 
the  combustion  of  the  fuel  are  as 
four,  and  let  this  furnace  be  worked 
first  instance,  under  ordinary  atm< 
pressure.  Now,  we  showed  in  th 
part  of  the  article,  in  our  number 
17th  ult.,  to  which  we  have  already  n 
that  when  carbon  is  supplied  with  ja 
cient  air  for  combustion,  and  is  bar 
carbonic  acid,  the  highest  temperatui 
retically  obtainable  is  about  4,5<K)° 
if  it  is  burnt  into  carbonic  oxide,  tl 
perature  will  be  about  2,25U**  only, 
case  we  are  now  considering,  therefoi 
posing  that  there  is  no  loss  of  kei 
radiation  or  the  admission  of  excess 
etc.,  the  most  intense  heat  attainal 
be  (2.250x4)+4.500  ^  ^^ 

5  ' 

temperature  of  the  air  and  fuel  intr 
into  the  furnace.  If,  now,  the  temp 
at  which  the  materials  are  introda 
taken  as  60°,  the  temperature  of  tl 
ducts  of  combustion  under  the  abo 
cumstances  will  be  2,7G0®,  and  thei 
lute  temperature  2,760  -f-  4G1.2  =  3. 
Let  us  next  suppose  that  the  fun 
worked  at  a  pressure  of  15  lbs.  per 
above  the  atmosphere,  or,  say,  at  a  pi 
of  two  atmospheres,  the  products  o 
bustion  being  the  same  as  before.  1 
case  the  absolute  temperature  of  th 
ducts  instead  of  beinpr  3,221.2^,  \ 
3,221.2  X 2"  =  3,221.2 X  1.222  =  3,1 
and  their  temperature  expressed  in  th 
nary  way  will  be  3,936.3— 4()  1.2  =  3, 
or,  say,  3,475°,  being  a  tcmperatur 
higher  than  that  obtained  in  a  furnace 
ed  at  atmospheric  pressure.  In  the 
way  we  should  expect  to  find  that 
pressure  under  which  the  furnace  is  y 
is  increased  to  three  atmospheres,  th 
perature  of  the  products  of  combusti 
rise  to  (3,221.2  X  3-*")  —  461.2  =  (3, 
1.375)  —461.2  =  3,967.9%  or,  say, : 
a  temperature  more  than  l,2lH)'  in  ex 
that  obtainable  under  ordinary  c 
stances. 

It  will,  of  course,  be  understood  tl 
temperatures  above  given  are  mere! 
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tl^e,  being  illu^tr&tive  of  the  effects  due  to 
Ihe  hIgL-pressure  gystem  of  working  m 
compared  with  what  we  roaj  eall,  for  dis- 
tlfiction,  the  ordinary  low-pressure  ajsieni. 
In  practice  the  actual  temperatures  obtaiDed 
will  depend  uot  oaly  upon  the  pressure  used, 
but  also,  for  tbe  reaaona  we  have  nlready 
explained  in  our  former  article,  upon  the 
eompletenens  of  the  convcTMion  of  the  carhon 
of  the  fuel  into  carhonic  acid^  and  upon  the 
manner  in  which  the  iupply  of  air  h  ad- 
justed, as  well  as  upon  the  means  adopted 
io  prevent  loss  of  heat.  Mr..  Beisenier  is, 
we  uuderstand,  about  to  try  a  series  of  ex- 
parimenta  on  a  furnace  worked  at  various 
pressnr^s,  and  we  look  forward  with  umeh 
interest  to  the  results  of  tbesie  experiiDents, 
whieh  we  shall  be  glad  to  know  agree  with 
ihe  theory  we  have  advaneed. 

TRAN93II88frir  OY  PoWER  BY  WiRF* 
Hopes, — There  are,  at  Moulins  Galant, 
near  Oorbeil,  22  milea  south  of  l^arii^f  some 
important  paper  mills  belong! rig  to  M3I. 
Darblaj  and  Company.  One  of  these  mills 
ia  worked  by  an  hydraulic  wheel  of  about 
30  horae«power.  But  the  power  of  this 
wheel  not  being  »uflicient  all  the  year 
round,  it  was  necessary  to  provide  a  supple- 
fiicntary  power,  which  lia^  been  obtained 
from  another  fall  on  the  same  river,  770 
jarda  up  the  valley.  This  fall,  of  about  40 
or  45  hoTse-power,  was  formerly,  and  is 
even  now,  used  for  working  a  flour  mill, 
which  has  been  taken  on  lease  by  3L  Dar* 
blay.  The  eonnection  between  the  flour 
mill  and  the  paper  mill  has  been  made  with 
m  telodynamic*  wire*  This  system  of  trans- 
nilasien  eonsiats  of  an  iron  end  leas  wire 
supported  by  pulleys,  and  running  at  a  very 
great  speed.  It  is  ihua  possible  to  transmit 
M  large  power  through  a  very  thin  wire,  and 
this  system  is  now  extensively  used  in 
France,  espeoially  in  the  eastern  diE^triets. 
The  Moulins  Galant  wire  is  worth  notiee, 
beeause,  besides  it^  great  length,  the  axles 
of  the  driving  and  driven  pulleys  are  neither 
parallel  nor  situated  at  the  same  level.  The 
angle  between  these  axles  is  Hdeg.  10  min., 
ftna  the  driving  axle  is  14  ft.  1  in.  above  the 
other ;  both  are,  of  eourse,  horizontal.  The 
wire  has  been  arranged  in  a  polygonal  line, 
ftod  at  each  summit  of  thii?  polygonal  line 
there  are  two  pulleys,  bearing  the  driving 
And  the  d riven  wire*  It  wais  necessary  to 
give  to  the  axles  of  these  pulleys  such  an 

•  From  tlie  Qr^k  r^Xe  far,  and  dwofn^  power^ 


inelination  that  the  plan  of  the  pulley 
should  include  the  tangents  to  the  two  ad- 
joining curves  of  the  wire  by  each  side  of 
the  pulley.  The  shape  of  these  curves,  and 
the  inclination  of  their  tangent,  had  accord* 
ingly  to  be  calculated  with  the  greatest 
cure  ;  and  the  pulleys  had  afterwards  to  he 
accurately  arranged  in  the  calculated  situa- 
tion. Any  mistake  in  these  calculations 
would  produce  a  great  waste  of  power,  and 
sometimes  would  enable  the  wire  to  get  out 
of  the  groovei*  of  the  pulleys.  All  this 
plant  has  been  successfully  arranged  by 
MM,  Callon  and  Vigreux,  civil  engineers, 
and  it  has  worked  quite  well  for  nearly 
eight  mouths.  Tl^e  diameter  of  the  rope  is 
.J  in.,  it  weighs  1>  lbs*  per  yard,  and  it  con- 
sists of  4S  iron  wires  ^\^  in.  diameter,  and 
of  a  central  hemp  Ft  rand  of  about  |  in.  dia-^ 
meter*  The  speed  of  the  rope  is  01  ft.  0 
iu*  per  minute,  and  the  calculated  strain  la 
BGO  lbs.  on  the  driving,  and  B13  llis.  on  the 
driven  wire.  The  diameter  of  the  driving 
and  driven  pulleys  is  8  ft,,  and  they  have 
an  angular  speed  of  150  revolutions  per 
minute.  The  hydraulic  wheel  running  only 
8  J  revolutions  per  minute,  the  proper  speed 
is  given  to  the  driving  pulley  through  two 
interniediute  wrought-iron  ghafts,  supplied 
with  cast-iron  ^pur-wlicels.  The  wire  is  sup- 
ported by  seven  intermediate  pulleys,  G  It- 
G  in,  diameter,  and  there  is  an  average  itpan 
of  24G  ft,  between  these  pulleys.  There 
are  some  masonry  piers,  10ft.  to  20  ft,  high, 
carrying  these  pulleys,  and  supplied  with 
wrought-iron  ladders  for  oiling  the  journals. 
The  average  deflection  of  the  wire  hetwecn 
the  pulleys  is  10  ft,  for  the  driven  and  5  ft. 
for  the  driving  wire.  This  latter  runs  very 
near  the  ground  in  some  places  through  the 
meadows.  The  inclination  on  the  hori^ioii- 
tal  of  the  shafts  of  the  pulleys  is  4  deg,  8 
min.  for  the  driven,  and  8  deg*  28  min,  for 
the  driving  wire.  It  is  also  necessary  to 
ealeuktc  very  accurately  the  total  length  of 
the  rope ;  upon  the  length  dope nt is  the  ten* 
sion ;  with  a  too  great  length  the  wire  could 
he  allowed  to  slip  in  spite  of  the  leather 
lining  of  the  groove.^  of  the  pulleys;  with 
too  short  a  wire  the  friction  would  be  use- 
lessly increased ;  in  both  cases  the  wire 
would  he  liable  to  full  down  tlio  pulleys^ 
This  dangerous  accident  happened  once  at 
Moulins  G&lant,  the  wire  being  pulled  by  a 
hay  eart  erosfsing  under  it,  but  nobody  waa 
injured*  The  calculated  slack  of  the  wire 
is  about  20  ft*,  and  this  length  has  been 
ascertained  to  answer  quite  well.     There  is 
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a  telegraphic  connection  between  the  two 
mills  in  order  to  stop  the  wheel  when  there 
is  some  accident  to  the  paper  mill.  The 
flour  mill  is  of  course  kept  at  work  when 
there  is  in  the  river  a  sufficient  flow  of 
water,  and  when  all  the  requirements  of  the 
paper  mill  are  performed.  The  waste  of 
power  by  friction  is  about  one-sixth  of  the 
total  power.  The  wire  is  without  any  con- 
nection with  the  paper  engine  of  the  paper 
mill,  which  is  worked  by  a  small  steam  en- 
gine. 

It  must  be  remembered  that  when  such 
ropes  are  worked  in  connection  with  a  steam 
engine,  this  latter  wants  a  very  powerful 
quickly  acting  governor,  in  order  to  prevent 
the  overrunning  of  the  engine,  should  the 
wire  suddenly  break  down.  Such  an  acci- 
dent happened,  some  years  ago,  in  a  cot- 
ton-spinning works  in  Alsace,  and  a  large 
steam  engine  was  entirely  destroyed. — Cor. 
The  Engineer. 


COIGNEPS  ARTIFICIAL  STONE. 

From  '<  Engineering." 

For  about  twelve  years  the  **  B^ton  agglo- 
m6r6''  of  M.  F.  Coignet  has  been  employed 
in  France,  at  first  sparingly,  and  with  hesi- 
tation, but  of  late  so  largely  and  with  so 
much  confidence,  that  many  of  the  large 
works  in  and  near  Paris  have  been  con- 
structed for  the  most  part,  or  entirely,  with 
this  material. 

So  early  as  1850,  M.  Coignet  had  experi- 
mented further  than  his  predecessors  Fleuret 
(1800)  and  Lebrun  (1829),  but  the  conglo- 
merate he  then  produced  was  unsatisfactory. 
In  the  commencement  he  employed  a  crude 
mixture  of  coal  cinder  with  lime,  and  subse- 
quently he  substituted  sand  for  the  former 
ingredient,  and  mixed  it  with  powdered  lime, 
moistening  both  together  instead  of  wetting 
the  lime  as  he  at  fir&t  done.  The  second  pro- 
cess to  which  he  arrived,  after  modification 
and  a  long  series  of  experiments  with  mate-  j 
rials  from  different  districts,  and  under  vary-  ■ 
ing  circumstances,  to  ascertain  the  best 
proportions,  is  the  system  which  has  now  , 
grown  into  such  a  vast  industry,  and  which 
bears  his  name.  | 

The  beton  Coignet  is  a  mixture  of  a  large  ! 
proportion  of  sand  with  a  small  proportion  of ! 
lime,  to  which  is  added  a  percentage  of  ce- 1 
ment  varying  with  the  amount  of  hardness  or 
the  rapidity  of  setting  required.  Only  a  ' 
very  small  quantity  of  water  in  employed  to 
moisten  the  lime  and  sand.     Thus  tempered  [ 


the  mass  is  reduced,  in  a  grinding  m 
stiff  paste,  and  is  introduced  into  mv 
any  desired  form,  being  then  subje 
the  action  of  repeated  and  heavy  blov 
this  means  it  is  thoroughly  agglon 
and  the  mould  being  almost  immedia 
moved,  the  beton,  shaped  to  the  de>i 
ure,  shortly  bceomcs  set,  and  acqui 
hardness  of  stone. 

The  material  thus  mixed  and  con 
under  the  hammer,  when  placed  in  th< 
receives  a  weight,  strength,  and 
which  renders  it  a  thoroughly  trust 
building  material.  On  the  averij 
bushels  of  component  parts,  sand,  1 
cement,  make  a  cubic  foot  of  b^toi 
will  weigh  about  140  lbs.,  and  offer ; 
ance  of  some  2^  tons  per  square  inci 
ordinary  mortar,  formed  of  the  same  c 
cuts,  will  exhibit  very  insignificant  p 
resistance.  The  difference  arises  pri 
from  the  difference  in  manipulation ; 
ing  mortar  an  excess  of  water  b  alwa; 
which  is  distributed  throughout  tb 
and  separates  the  particles  of  lime  ai 
retarding  the  setting,  and  when  afte 
the  water  evaporates,  it  leaves  the 
more  or  less  porous. 

Theoretically,  the  Coignet  process 
the  necessary  conditions,  and  produce 
feet  beton,  the  sand  and  lime  being  m< 
with  a  minimum  of  water,  and  mil 
intimately  as  possible.  Besides  the  t! 
cohesion  of  the  particles  induced  by  t 
ing  and  compression,  the  small  qua 
water  used  makes  the  setting  more  n 
more  uniform. 

In  all  cases  the  lime  used  should 
draulic,  in  fine  powder,  and  well  scro 
free  it  from  lumps ;  for  if  there  \ 
lumps  admitted  into  the  b^ton  the 
when  the  mixture  is  diluted,  and  wea 
material. 

The  cements  used  are  always,  if  f 
heavy  and  slow  setting.  The  quanti 
is  proportioned  to  the  rapidity  of  set 
quired,  and  the  harduess  uf  ^tone  wh 
sought  to  obtain.  For  the  third  ing 
river  sand,  mingled  with  sma'l  pel 
the  best.  If  the  pebbles  are  large,  t 
Crete  produced  is  rough  and  unsightl 
is  too  fine,  it  retards  the  setting,  and 
the  hardness.  Pit  sand  will  make  ve 
work,  but  to  produce  a  stone  so  good 
formed  on  a  base  of  river  sand,  i 
portions  of  cement  and  lime  have  t< 
creased.  Very  fine  sands  like  those 
Landes,  require  very  careful  mixioj 
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prolonged  compression  in  the  mould  to  pro- 
dace  a  first-class  beton. 

The  ingredients  are  measured  into  a  mix- 
ing mill  in  barrows,  .and  during  the  process 
Biuall  quantities  of  water  are  gradually  added 
ma  the  mixing  proceeds,  until  the  beton  bc- 
oomes  in  the  necessary  condition ;  the  more 
completely  this  part  of  the  work  is  done  the 
more  rapid  will  be  the  setting,  and  the  harder 
will  the  stone  become. 

The  ordinary  form  of  grinding  mill  em- 
ployed consists  of  an  iron  cistciii,  the  bottom 
of  which  is  perforated,  and  in  the  center  of 
which  revolves  a  vertical  shaft,  armed  with 
a  number  of  helical  knives,  and  carrying 
beneath  it  a  cycloidal  arm,  which  in  each 
revolution  discharges  a  part  of  the  paste. 
A  penstock  covering  the  outlet  regulates 
the  discharge  of  the  b^ton.  The  mate- 
rial thus  obtained  from  the  mill  is  in  a 
firm  but  plastic  state,  and  it  is  thrown  into  a 
mould,  in  thin  layers,  and  each  layer,  as  it 
is  laid  in,  is  beaten  and  compressed  by  the 
regular  and  even  blow  of  a  sixteen  pound 
hammer.  In  order  to  secure  a  perfect  adhe- 
Bion  and  union  of  the  different  layers  of  ma- 
terial, especially  when  fine  sand  is  used,  it  is 
generally  the  custom  to  cross  cut  the  surface 
of  the  layer  -in  order  that  the  superincumbent 
thickness  may  be  thoroughly  united  to  it. 

There  are  two  kinds  of  moulding  to  which 
the  Coignet  beton  is  applied,  the  first  being 
used  when  the  material  is  employed  en  masse 
in  place,  the  second  when  it  is  moulded  in 
blocks  to  be  subsequently  employed.  The 
moulds  which  are  intended  to  be  used  in  place 
are  composed  of  close  boarding  kept  in  place 
by  means  of  cross  bracing.  This  mould 
carries  the  ornaments  which  are  destined  to 
appear  upon  the  face  of  the  structure  after 
completion.  In  the  second  class  of  work  all 
kinds  of  ornament  can  be  produced  from 
cornices  to  statuary. 

Of  late  years  the  application  of  the  Coig- 
net b^ton  has  been  equally  extensive  and 
raried.  In  Egypt,  where  it  has  been  em- 
ployed on  a  vast  scale,  light-houses  have 
Dccn  reared  out  of  the  almost  impalpable 
Bands  of  the  Isthmus  of  Suez.  In  Paris, 
some  40  miles  of  sewers  have  been  con- 
Btructed  of  the  same  material ;  and  arches  of 
the  basement  buildings  of  the  Exhibition  of 
1867,  saw  mills  at  Aubervillicrs,  the  numer- 
ous cellers  of  many  private  houses,  entire 
buildings  of  five  and  six  stories  in  height, 
railway  bridges  at  Sainte  Colombc,  on  the 
Paris,  Lyons,  and  Mediterranean  line,  a 
church  at  V^rinet,  and  above  all  the  large 


works  connected  with  the  new  Paris  water 
supply,  and  some  examples  of  which  we  illus- 
trate on  another  page. 

The  exact  proportion  of  materials  employed 
on  works  of  diiferent  classes,  and  with  sand 
and  lime  produced  from  different  districts, 
will  be  interesting.  Thus  the  work  about  the 
Exhibition  of  1867  was  formed  of  a  mixture 
by  bulk  of  5  of  sand,  I  of  lime,  and  ^  of  ce- 
ment. The  same  proportion  holds  good  for 
the  sewers,  and  the  rapidity  of  setting  is  as 
great,  that  the  centering  can  be  struck  within 
ten  hours  after  the  b^ton  is  got  in  place, 
and  the  sewers  can  be  put  into  service  in 
four  or  five  days  after  their  completion. 
Arches,  of  which  the  rise  is  one-tenth  of  the 
span,  are  generally  made  with  a  mixture  of 
5  of  sand  to  I  of  lime,  and  ^  of  cement  in 
bulk. 

The  church  at  y<^riuet  is  one  of  the  most 
interesting  of  the  monolithic  structures,  and 
was  constructed  of  sand  from  pits  at  Verinet. 
The  mixture  was  5  of  sand  to  1  of  lime  and 
J  of  cement.  In  the  saw  mill  of  Auber- 
villicrs, the  arches  are  27  tit.  10  in.  in  span 
and  I3J  ft.  thick  at  the  crown,  the  propor- 
tions are  also  5,  and  I,  and  ^  of  cement. 
One  of  the  most  generally  useful  applications 
of  this  material  is  in  the  construction  of  the 
basements  of  houses.  In  the  ordinary  form 
of  construction,  stone  piers,  supporting  rubble 
masonary  arches,  are  employed,  involving 
numberless  joints,  and  causing  an  absence 
of  perfect  uniformity.  From  this  cause 
numerous  settlements  ensue,  which  are 
avoided  by  the  use  of  the  homogeneous 
b6ton ;  for  the  whole  sub-structure  can  be 
made  in  one  single  block,over  which  the  super- 
incumbent load  is  equally  distributed,  and  a 
uniform  pressure  upon  the  foundation  is  ob- 
tained. One  house,  in  the  Kue  de  Miro- 
mesnil,  is  constructed  entirely  of  b^ton,  and 
it  contains  two  staircases,  the  one  formed  in 
the  usual  way,  with  a  number  of  moulded 
blocks,  the  other  a  spiral  staircase,  from 
basement  to  garret — a  monolith. 

Aqueducts  are  now  being  constructed  from 
this  stone  upon  the  works  for  the  supply  of 
Paris  with  water  from  the  Vanne.  Already 
a  part  of  the  city  draws  its  supply  from  the 
Dhuys,  but  the  second  portion  of  the  system 
is  not  yet  complete.  The  distance  of  Paris 
from  the  source  of  the  Vanne  is  more  than 
94  miles,  and  in  its  course  to  the  city  the  lino 
has  to  traverse  a  series  of  valleys  and 
ravines,  to  cross  rivers,,  roads  and  railways, 
and  the  numerous  requirements  of  the  works 
have  involved  the  formation  of  oxtonsive 
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bridges,  &qocduct»,  syphons,  and  tunnels. 
A  a  itiimcii5e  reservoir  will  be  completed 
c*loi4e  to  the  park  of  Montsouris,  and  a  long 
aqueduct  upon  arches  will  be  made  almost 
cbse  to  the  old  Roman  aqueduct  of  Arcueil. 
Bat  the  heaviest  works  upon  the  undertaking 
are  those  erobsing  the  valley  of  Fontain- 
ebleau  for  a  distance  of  more  than  twenty- 
five  miles  between  the  river  Loing  and  the 
river  Easones,  This  length  almost  entirely, 
without  building  materials,  would  have  invol- 
ved very  coatly  works  if  masonry  had  been 
eoipLoyed,  and  the  enginecr-in-chief,  M.  Bel- 
grand,  ha^  therefore  availed  himself  of  the 
Coignet  proee."^,  and  utilizing  the  vast  masses 
of  &and  that  lay  ready  to  his  hand,  has  formed 
the  work  of  b^ton.  Not  only  have  the  aque- 
ducts been  constructed  of  this  material,  but 
the  tLinueb  tiho  to  the  extent  of  several  miles, 
about  6  ft.  G  In.  in  diameter  and  8g  in.  thick, 
and  these  were  all  formed  with  the  same  suc- 
Gum  that  hai  attended  the  application  of  the 
sysieni  to  the  sewers  of  Paris,  the  centres 
having  been  withdrawn  almost  immediately 
after  the  be^toii  had  been  rammed  into  place. 
The  aqueducts  crossing  the  valley  are  sup- 
ported upou  arches,  extremely  light,  and  ris- 
ing to  a  iiKL^cimum  height  of  50  ft.  from  the 
ground.  The  openings  are  about  42  ft.  6 
in.f  and  the  thickness  at  the  crown  152  ^^* 
The  fiucuess  which  attended  the  application 
of  this  material  in  the  construction  of  the 
narrow  openings  supporting  the  aqueduct,  in- 
duced the  engineer  to  extend  its  use  to  those 
wider  arches  spanning  rivers,  roads,  and  rail- 
waySf  and,  a  series  of  experiments  having 
proved  highly  successful,  monolithic  struc- 
tures, of  98  ft.  6  in.  and  115  ft.  9  in.  open- 
ings, and  with  one-sixth  rise,  were  rapidly 
formed- 

It  will  thus  be  seen  that  while  we  have 
refraiood  from  experimenting  (with  one  ex- 
ception) In  this  method  of  construction, 
French  engineers  have  advanced  to  recognize 
itH  value,  and  to  employ  it  largely  for  a  va- 
riety of  work,  having  tested  its  reliability  by  a 
series  of  exhaustive  trials.  The  single  excep- 
tion to  which  we  refer  is  the  concrete  bridge 
constructed  by  Mr.  Fowler  across  the  Metro- 
politan Railway  at  Kensington,  but  even 
that  experiment  was  scarcely  analogous,  for 
the  material  employed  was  simyly  concrete, 
mixed  with  cement  it  is  true,  but  mixed  in 
the  ordinary  way,  and  thrown  into  the  mould 
instead  of  being  carefully  set  in  the  layers 
a  ad  well  combined,  as  in  the  Coignet  process. 
**  the  exteuisive  adoption  of  concrete  st rue- 
in  France  will  probably  be  followed  by 
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merly  been  generally  preferred.  Of  late, 
however,  new  blowing-engines  for  blast- 
furnaces are  mostly  constructed  with  beam, 
fly-wheel  and  upright  cylinders.  Vertical 
aud  direct  acting  blowing-engines,  without 
fly*whecl,  do  not  work  economically  when 
two  or  more  such  engines  have  to  work  to- 
other, as  is  mostly  the  case.  For  it  is 
then  to  be  feared  that  from  an  accidental 
stoppage  of  one  of  them,  the  pressure  of  the 
blast  on  the  pistons  of  the  others  would  be 
80  suddenly  diminished  that  too  violent  a 
motion  might  take  place  which  would  pro- 
dace  the  breakage  of  the  cylinder-covers,  of 
the  pistons,  of  the  piston-rods,  of  the  coun- 
ter-balance, or  of  other  parts  of  the  mechan- 
ism. To  prevent  such  accidents  the  cylind- 
ers must  be  made  longer  than  the  stroke. 
This  causes  a  considerable  waste  in  clear- 
ances, loss  of  blast,  and  a  diminution  of  the 
working  effect  of  the  engine. 

I  had,  recently,  the  opportunity  of  in- 
specting a  great  number  of  blowing-engines 
at  different  German  iron  works. 

The  horizontal  engines  I  saw  had  blow- 
ing cylinders  of  5  to  8  ft.  in  diameter,  and 
4  to  8  ft.  stroke,  working  at  a  speed  of  72 
to  150  ft.  per  minute.  On  all  these  en- 
giues,  with  but  a  few  exceptions,  I  noticed 
the  bending  of  the  piston-rods.  Amongst 
the  larger  engines  of  modern  construction, 
which  I  inspected,  but  two  were  free  from 
this  defect.  They  had  hollow  cast-iron  pis- 
ton-rods of  9  to  10  in.  diameter,  resting  on 
slides  15  in.  wide  and  18  in.  long.  The 
pistons  were  made  of  iron-plate.  The  en- 
gines made  10  to  12  revolutions  per  minute, 
which  number  could  however  be  increased 
to  20  without  any  trouble  or  danger. 

A  wear  of  the  lower  part  of  the  piston- 
rods  was  not  perceptible,  owing  to  the  large 
surface  of  the  slides.  All  the  vertical  en- 
gines I  met  with  were  beam-engines  with 
fly-wheel.  The  smallest  cylinder  of  this 
kind  of  engines  had  5^,  the  largest  10  ft. 
diameter.  The  shortest  stroke  was  74,  the 
longest  stroke  9  ft.  The  speed  varied  from 
1  (4  to  288  ft.  per  minute.  It  is  seen  from 
these  numbers,  when  compared  with  those 
mentioned  before,  that  the  vertical  beam- 
CD^ines  can  be  built  of  larger  size  and  more 
powerful  and  effective  than  those  with  hori- 
soiitil  cylindt^rs. 

As  to  the  question  whether  two  or  more 
smaller  engines  are  preterablo  to  a  single 
largo  one,  it  may  be  said  that  smaller  en- 
gines are  preferable  when  more  than  one 
blast-furnace  has  to  be  worked.     The  run- 


ning expenses  are  more  considerable,  it  is 
true.  jBut  the  losses  of  time  and  work, 
caused  by  stoppage  for  repairs  of  the  engine, 
will  amount  to  a  much  higher  sum,  when 
two  or  more  blast-furnaces  are  dependent  on 
a  single  blowing-engine.  S. 


ffiON  AKD  STEEL  KOTES. 

FETTLING  OR  LiNING  PUDDLIXO  FcRNACES. — In 
the  ordinary  method  of  fettling  or  lining  the 
beds  and  sides  of  puddling  furnaces  oxide  of  iron 
or  a  compound  consisting  mainly  of  oxide  of  iron 
is  employed  for  that  ))urpose.  An  invention  pat- 
ented by  Mr.  W.  M.  Willian.s,  of  Sheffield,  con- 
sists in  lining  puddling  furnaces  with  crude  or 
prepared  oxide  of  manganese  or  manganese  ore, 
either  as  the  chief  ingredient  of  the  fettling  or  as 
an  addition  to  the  oxide  of  iron  or  other  material, 
which  is  employed.  In  using  crude  or  native 
oxide  of  manganese  or  manganese  ore  without  ad- 
mixture with  other  solid,  an  ore  is  used  which 
when  pulverized  and  nn  istened  will  form  a  plastic 
or  pasty  mass,  and  which  when  heated  will  harden 
and  adhere  firiiily  to  the  sides  and  bottom  of  the 
puddling  furnace.  For  this  purpose  the  cheap 
oxides  containing  a  considerable  proportion  of  iron 
are  best  suited,  provided  they  do  not  also  contain 
other  impurities,  such  as  sulphur  and  phosphorus 
which  would  injure  the  iron  in  the  furnace. 
When  an  ore  c»r  prepared  oxide  is  used  which  does 
not  harden  sufficiently,  after  being  rendered  plastic 
by  water  alone,  it  is  mixed  with  a  sufficient  quan- 
tity of  finely  powdered  and  moistened  hematite  or 
other  suitable  material  to  give  it  the  property  of 
hardening  and  adhering  when  heated  in. the  fur- 
nace. 

The  proportions  in  which  oxide  of  manganese 
and  oxide  of  iron  should  be  mixed  in  order  to 
make  the  fettling  according^othis  invention,  vary 
with  the  nature  of  the  cast  or  pig  iron  to  bo 
puddled.  With  pig  iron  of  ordinary  quality  about 
half  a  hundred  weight  of  oxide  of  manganese 
mixed  with  the  requisite  quantity  of  oxide  of  iron 
for  the  fettling  of  the  furnace  is  sufficient  for  a 
charge  of  four  to  five  hundred  weight  of  pig  iron. 
When  the  pig  iron  itself  is  rich  in  manganese  a 
less  proportion  is  necessary  in  the  fettling.  When 
the  pig  iron  contains  a  large  qua'itity  of  silicon 
and  little  mangant*8e,  more  oxid  of  manganese  it 
required  in  the  fettling  than  is  required  with  pig 
iron  containing  much  oxide  of  manganese  and 
little  silicon.  Where  practicable,  the  inventor 
prefers  to  introduce  the  pig  iron  into  the  puddling 
furnace  in  a  melted  state;  when  this  is  done  and 
the  fettling  containing  oxide  of  m:inganese  is  laid 
on  the  bottom  and  lower  part  of  the  siles  of  the 
furnace,  the  charge  gets  the  full  benefit  of  the 
evolution  of  oxygen,  which  takes  place  when 
the  oxide  of  m  mganese  is  heated.  By  the  use  of 
oxide  of  mangaiieso,  as  described,  the  puddling 
process  is  expedited,  and  the  quality  of  the  iron  or 
steel  pnMluceil  is  improved.  The  heated  ir  m  or 
steel  during  the  puddling  process  decomposes  the 
oxide  of  manganese,  causing  an  evolution  of  oxy- 
gen, which  rising  through  the  molten  iron  or  steel 
rapidly  oxidizes  the  oxidizable  materials  contained 
in  the  metal.  A  portion  of  the  reduced  manganese 
enters  into  alloy  with  the  iron  or  steel  aud  effects 
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the  improvement  in  the  quality  of  the  metal 
which  is  well  known  to  result  from  the  use  of 
manganese  in  the  manufacture  of  iron  or  steel. 

When  oxide  of  manganese  is  mixed  directly 
with  the  charge  forduxiug,  as  has  been  proposed, 
a  portion  is  liable  to  become  mechanically  distri- 
buted through  the  mass  of  iron  ot  steel  in  the  state 
of  an  infusible  powder,  consisting  of  manganese  in 
a  low  state  of  oxidation,  and  injures  the  mechani- 
cal properties  of  the  metal.  But  when  oxide  of 
manganese  is  used  in  the  fettling  of  the  puddling 
furnace,  according  to  this  invention,  it  is  gradually 
decomposed  as  the  carbon  and  silicon  of  the  pig 
iron  or  steel  are  presented  to  it  by  the  stirring  of 
the  puddlcr,  and  the  manganese  enters  the  charge 
in  a  fused  state  either  as  reduced  metal  or  as  sili- 
cate. 

Very  little  of  the  manganese  which  enters  the 
iron  or  steel  during  the  puddling  process  remains 
in  the  finished  njetal,  most  of  the  manganese  sepa- 
rating during  the  finishing  of  the  metal  in  the 
form  of  silicate  of  manganese,  carrying  with  it 
other  impurities,  such  as  phosphorus  and  sulphur. 
The  silicate  of  manganese  separates  from  the  metal 
more  readily  than  silicate  of  iron,  and  is  found  in 
considerable  quantity  in  the  cinder  and  hammer 
slag.  The  cinder  and  hammer  slug  are  therefore 
more  valuable  than  ordinary  cinder  or  hammer 
slag  for  the  making  of  cinder  iron  in  consequence 
of  their  richness  in  manganese.  Although  the 
fluxing  property  of  oxide  of  manganese,  either 
alone  or  mixed  with  oxide  ^f  iron,  renders  the 
addition  of  any  other  material  to  the  fettling  un- 
necessary when  pig  iron  or  steel  of  the  ordinary 
qualities  are  puddled,  yet  when  pig  iron  or  steel 
of  such  quality  as  renders  the  use  of  alkaline 
fluxes  desirable  is  about  to  be  puddled,  common 
salt  or  carbonate  or  nitrate  of  soda  may  be  added 
to  the  oxide  of  nuuigAnesc.  A  quantity  of  the 
soda  salt  equal  to  about  oiio-fourlh  the  weight  of 
the  oxide  of  manganese  is  generally  sullicient. — 
Mechanics  Magazine. 

M0N9.  C.  ScuiNZ  ON  Messrs.  Ponsard  and 
Botenval's  Improvements  in  the  Manufac- 
ture OF  Iron. — To  aim  at  obtaining  wrought  iron 
directly  from  the  ores  appears  to  be,  at  first  siglit, 
the  most  legitimate  course  wliich  the  inventions 
on  the  subject  of  iron  protluction  could  take.  Yet, 
as  a  matter  of  experience,  it  is  plain  that  unless 
we  have  to  deal  with  exceptionally  rich  ores,  the 
proceedlhg  is  far  from  being  an  economical  one. 
This  becomes  more  app  irent  when  we  take  int«) 
consideration  the  measures  which  from  time  to 
time,  and  U]>  to  the  present  day,  have  been  adopted 
or  proposed  in  carrying  out  this  schen.e.  J»Ieithcr 
Cluy,  in  1837,  nor  his  successors.  Reuton.  (Jhanot, 
Yates,  Gurit,  Rager,  Siemens,  and  recently  Pon- 
sard and  F.  Y .  Boyenval,  have  succeeded  iu  s<  Iv- 
ing  the  problem  satisfactorily.  With  or  without 
the  use  of  the  blast-furnace,  the  oxide  or  pero.xide 
of  iron  has  first  to  be  reduced  in  the  ores.  We 
have  on  a  former  occasion  given  a  lengthy  descrip- 
tion of  M.  Schinz's  labors  on  the  subject  of  bla.st 
furnaces,  and  must  refer  our  readers  to  those  col- 
umns for  the  better  understanding  of  M.  Scliinz's 
position  regarding  the  subject  before  us.  M.  Pon- 
sard himself  has  lately  (•'  Comptes  Rendus,''  p. 
177)  laid  his  views  before  the  Academy  at  Paris. 
Ue  starts  from  l\\e  fact  that  the  fuel  used  in  the 
bUgt-furaa&^  l«  excessive,  and  far  beyond  what  is 


required  "theoretically"  for  the  rpdnctkmilp 
ores,  the  carbonizing  of  the  iroo.  and  tbend 
of  the  pile.     He  proposes   a  separatka  if  It 
chemically  acting  carbon  from  that  whidi  iie 
stimed  for  heating  purposes,  and  goes  an  to  is 
that  but  1,000  kilogrammes  of  coal,  iiatcii  il 
8,000,  as  ordinarily  u»ed  per  ton.  are  nefdric- 
cording  to  his  plan.     M.  Schinz  says  that  Vmmi 
and  BoyenvaPs  patent  is  not  mnch  more  tba  til 
ordinary  test  process  of  the  laboratory  on  a  ls|v 
scale;  the  only  difFereDce  being  tbrU,  wbereasii 
the  ordinary  trials  a  surplus  of  carbon  lodfcsrit 
is  added,  he,  M.  Ponsard,  used  merely  the  mil 
quantity  requisite  for   carboniMiog  aod  fairttii|. 
This  process,  however,    is  the  same  as  thai  p«| 
on  in  the  hearth  of  the  blast-fnmace  irhn  tk 
ores  arrive  there   unreduccnl.     The  peroxidf  4, 
iron  (or  jmmetimcs  the  oxide)  is  redaced  bv  tk 
contact  with  solid  carbon.     This  reductioii,  bo«- 
ever,  is  not  confined  to  the  oxides  of  iron  aksr; 
other  substances  contained  in  the  scori«  are  ef- 
fected in  the  ssme  manner  and  yielding  falphsr. 
phosphorus,  silicium,  Sec,  which  are  by  nomnn 
desirable  companions   for    the   produced  artidc 
In  the  blast-furnace,  hot  air  and  an  insnffidnt 
supply  of  scoriie  generally  produce  tliis  W  eflrct 
partly;  while  Ponsard 's  apparatus  is  soarrvai^ri 
as  to  have  it  throughout.     The  result ioi^  iaferior 
material  will  have  to  be  refined,  and.  in  that  eise, 
the  inventors  can  hardly  claim  to  hare  sived  far- 
thing by  their  so  called  direct  productius.— Tic 
Engineer. 

Lvrmanh's  Blast  Furnace. — A  consJderiM* 
number  of  German  ironmasters  hare,  darinf 
the  last  two  years,  applied  to  their  fnmacf*  tk 
system  of  Mr.  Liirmann,  the  manager  of  theGtiTj- 
Marien  .Mining  and  Iron  Company,  ol  OsnAbr-Jct 
Prussia,  the  improvement  consisting  in  clo^ine  the 
front  of  the  hearth,  thereby  dispensing  irith  i).< 
dam  stone,  tymp,  &c.  A  .«icoria  outlet  is  s^t  ia 
the  clo.*«ed  breast  at  a  distance  of  about  ti  in.  belv* 
the  tuyeres,  and  through  this  outlet  the  nUc  mo* 
off  regularly  and  conRtantly.  The  tappiag  h-.^  » 
placed  where  the  heat  Ih  greatest. 

This  arrangement  has  been  successfully  wnrked 
for  six  months  or  more  at  the  Old  Park  Iron- 
works, Shropshire,  and  more  than  one  of  onrlesd- 
ing  ironmasters  have  expre^stni  their  iotentk»D  cf 
adopting  it.     Its  advantages  are  thus  enumerai**! : 

1.  The  slag  discharges  itself  through  the  »eorU 
outlet  at  about  the  same  level,  therefore  ibrre  x-x 
no  vacillations  of  the  slag  in  the  hearth,  and  (k 
corroding  of  the  wall  is  diminished. 

2.  As  there  is  no  fore-hearth,  there  ar?  <i 
course  no  repairs,  and  no  breaking  up  of  tbe 
.•scoria-crust  in  the  same.  This  is  equal,  as  sbotk-n 
above,  to  a  saving  of  at  least  20  days  j»er  vrtf. 
Sujjpose  a  large  furnace  protluces40  t«m$  |K'r  div, 
the  same  will  yield  at  least  800  tons  per  yr.ar  n«»iv. 
if  built  on  Mr.  Liirmann's  principle,  than  if  itwerv* 
of  the  ordinoay  constructi.>n. 

j      3.  As  there  are  no  interruptions,  the  funii« 
I  does  not  cool.     It  works  more  regular,  as  the  beat 

in  the  furnace  is  always  the  same. 
I      4.  The  doing  away  with  the  dam  and  tb^  f««rc- 
j  hearth.allows  the  removal  of  the  tapping-holefbnm 
I  the  former  into  the  Wiill  of  the  hearth.    The  «»peD- 
I  ing  of  the  tapping-hole  is  then  easy,  as  it  is  close 

to  the  greatest  heat. 
I     6.  The  complotely  closed  earth  allows  ft  cot- 
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miderable  increase  of  the  pressure  of  the  blast,  bs- 
eaiise  a  throwing  out  of  materials  has  become 
liapossible. 

6.  The  increase  of  the  pressure  is  always  of. 
great  importance,  but  especially  where  pit  coal, 
anthracite,  &c.,  are  used;  and  where  the  layers  are 
ecimpact.  The  number  of  charges  can  be  greater, 
effecting  a  corresponding  increase  of  produce. 

7.  The  augmentation  in  the  number  of  tuyeres, 
and  the  equal  distribution  of  them,  made  feasible 
by  the  doing  away  with  the  forepart  of  the  hearth, 
allow  a  belter  and  equal  distribution  of  the  blast 
ia  the  hearth;  the  furnace  therefore  works  better, 
«Qd  a  greater  quantity  of  ore  is  smelted,  provided 
Uiere  is  sufficient  blast. 

8.  The  number  of  hands  maybe  lessened,  as  the 
operations  arc  few  and  easy;  the  same  need  not  be 
of  in'eat  skill  and  experience.  No  fire  clay  and 
other  refractory  materials  for  the  repairs,  and  less 
tools  are  wanted.  It  may  be  mentioned  that  for- 
merly the  smelters  of  Georg-Marien-Hiitte.  when 
working,  were  almost  stripped;  now  they  are  al- 
ways in  full  working  dress. — The  E/if^ineer. 

THK  Cambria  Iro.v  Works  — The  largest  iron 
works  in  the  country  are  the  Cambria  Works, 
at  Johnstown,  Pa.  They  cover  an  area  of  about 
five  acres,  run  night  and  day,  and  give  employment 
to  about  3,000  hands.  They  contain  42  double  fur- 
naces, over  each  of  which  is  a  steam  boiler  con- 
nected with  the  engine.  The  engine  is  a  vertical 
ODC  (#f  850  horse-power;  its  fly-wheel  is  80|ft.  in 
diameter,  and  weighs  56  tons.  The  capacity  of  the 
works  is  1,400  tons  of  railroad  iron  per  week.  Last 
year  they  turned  out  76,000  tons,  and  this  year  ex- 
pect to  produce  82,000. — ^m*  \Artizan. 

The  engine  referred  to  is  that  of  the  new  puddle 
train,  a  three  high  train  5  rolls  long,  with  two 
squeezers.  There  are  besides,  another  puddle  train, 
two  rail  trains  and  various  small  trains,  each  with 
its  engine.  Tlie  Bessemer  Steel  Works  of  the 
Company,  adjoining  the  iron  works,  and  capable  of 
producing  50  tons  of  ingots  per  day,  are  also 
nearly  completed. — Ed.  V.  N.  M 

STEBL  Rails  and  their  use  in  Amkrica. — We 
quote  the  following  from  a  coirprehensive  arti- 
c'e  in  the  New  York  *' Tribune'*:  The  report  of 
the  exhaustive  and  important  discussion  held  last 
year  by  the  Institution  of  Civil  Engineers  in  Eng- 
land, sums  up  the  case  in  these  words :  '^  There  can 
b3  no  doubt  as  to  the  expediency  of  employing 
steel  rails,  even  on  railways  where  the  traffic  is 
light;  but,  of  course,  the  heavier  the  traffic  the 
f^ater  will  be  the  economy  of  substituting  steel 
for  iron." 

In  view  of  this  forcible  verdict  in  favor  of  steel 
rails,  it  becomes  a  matter  of  groat  public  interest 
to  know  to  what  cxt^>nt  these  rails  are  b  jing  laid  in 
the  United  States.  The  report  on  railroads  of  the 
State  Engineer  and  Surveyor  of  New  York,  pre- 
pired  by  S.  U.  Sweet,  Deputy,  and  copied  from 
the  advance  sheets,  into  '<  Van  Nostrand's  Eclectic 
Kngincering  Magazine ''  for  last  June,  says  :  ''  It  is 
estimated  that  fVom  40.000  to  50,000  tons  of  steel 
rails.are  in  use  on  our  various  railways."  Careful 
researches,  made  in  this  city  during  the  past  week, 
warrant  the  use  of  much  more  encouraging  flguros, 
and  authorize  the  assertion  that  by  the  end  of  the 
year  1869  there  will  be  laid  in  the  United  States, 
in  round  numbers,  110,000  tont  qftUelraiiM,  equal 
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to  1,100  miles  of  steel  road;  and  of  this  amount 
about  36,000  tons,  equal  to  860  miles,  will  be  laid 
during  the  present  season !  These  rails  are  in 
use  on  more  than  50  different  roads,  and  are  partly 
of  American,  principally  of  Englis^h,  and  to  a  very 
small  extent,  of  Prussian  manufacture. 

Four  large  RieA  works  for  making  rails  have 
already  been  established  in  this  country,  and  a  fifth 
is  nearly  completed.  John  A.  Griswold  &  Co., 
proprietors  of  the  Be.ssemer  Steel  Works  of  Troy, 
N.  Y.,  made  about  2,000  tons  of  steel  rails,  half  of 
them  for  the  Erie  milroad,  prior  to  the  burning  of 
their  works  in  October,  1868.  None  of  these  rails 
have  broken,  and  official  certificates  testify  that 
they  are  equal  to  the  best  foreign  rails.  The  new 
works,  now  nearly  completed  will  enable  the  pro- 
prietors to  produce  steel  rails  at  the  rate  of  15,000 
to  20,000  tons  per  year.  The  Pennsylvania  Steel 
Works,  at  Harrisburg,  are  now,  and  have  been  for 
some  time  producing  steel  rails  at  the  rate  of 
12,000  tons  annually.  These  are  mostly  laid  on  the 
Pennsylvania  Railroad,  and  the  official  rep'>rt8  show 
them  to  be  e(iual  to  the  best  foreign  rails.  The 
yearly  capacity  of  the  works  is  20,000  tons.  The 
Cleveland  Rolling  Mill  Company  are  producing 
steel  rails  at  the  rate  of  6,000  to  8,000  t<ms  per 
year.  They  have  only  recently  started  and  are  not 
yet  in  full  operation.  Their  cipacity  is  15,000  to 
20,000  tons  per  year.  Their  steel  is  of  Lake  Su- 
perior iron  and  is  of  excellent  quality.  The  Free- 
dom Iron  and  Steel  Works  at  Lewistown,  Pa.,  are 
producing  rails  for  the  Pennsylvania  and  other  roads 
at  the  rate  of  some  8,000  tons  per  yt»ar.  Their  an- 
nual capacity  is  10,000  to  12.000  tons.  Their 
steel  is  pronounced  by  the  Pennsylvania  Railroad 
Company,  after  rigid  tests,  equal  to  the  foreign. 
The  Cambria  Iron  Company  have  a  Bessemer  steel 
works  nearly  completed  at  Johnstown,  Pa.  Its  ca- 
pacity will  be  20,000  tons.  The  above  statements 
are  authoritative  and  clearly  indicate  that  we  shall 
be  able,  by  next  year,  to  produce  annually  at  least 
80,000  tons  of  good,  American -made,  steel  rails,  a 
fact  full  of  promise  for  the  future  of  American 
railways.  It  may  also  be  stated  here  that  the  pro- 
prietors of  one  of  the  largest  iron  r.ul-making  es- 
tablishments in  Pennsylvania,  after  struggling  vainly 
for  four  years  against  the  rising  steel-rail  tide,  are 
now  negotiating  for  the  services  of  able  and  expe- 
rienced German  engineers  and  metal-workers,  with 
a  view  to  immediately  establishing  steel  works,  at 
which  they  confidently  expect,  within  a  year,  to 
pnxiuoe  steel  rails  equal  to  the  best  for  $75  a  ton, 
which  is  less  than  the  present  price  of  /rood  iron 
rails !  The  report  quoted  above  states  that  some 
7,000  tons  of  domestic  steel  rails  have  already  been 
laid,  and  it  is  certainly  safe  to  assume  thi<t  5,000 
tons  will  be  laid  this  season,  making  a  total  in  round 
numbers  of  at  least  12,000  tons  (120  miles)  of 
American  steel  rails  in  use  in  the  United  States  at 
the  end  of  1869. 

The  great  advantage  of  steel  rails  lies  in  their 
homogeneity.  An  irm  rail,  or  a  steel -headed  rail, 
is  made  of  a  pile  of  bars  heated  and  welded  to;;^th- 
or,  but  a  solid  steel  rail  is  rolled  from  a  single  in- 
got, and  consequently  is  subject  to  wear  only, 
whereas  the  others  are  exposed  to  "  wear  and 
teir,''  and  the  ''  tear,'*  as  any  one  must  know  who 
has  ever  noticed  the  battered,  laminated,  and  dis- 
integrated condition  of  iron  rails,  on  a  much  used 
track,  is  a  most  serious  consideration.  So  great  is 
this  advantage  that  a  tingle  steel  rail  his  been 
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kDown  to  outwear  no  less  than  23  iron  rails  placed 
Kuccessively  in  the  same  track,  and  it  is  perfectly 
mfe  to  say  that  any  good  solid  steel  rail  will  outlast 
a  dozen  rails  of  iron.  The  argument  that  steel 
rails  are  worthless  when  once  worn  out  never  had 
much  force,  and  is  now  entirely  upset  by  the  dis- 
covery of  the  Martin  process,  by  which  old  steel 
can  be  reworked  with  perfect  ease.  And  the  grand 
objection  that  steel  is  brittle,  and,  therefore,  steel 
rails  must  break,  is  now  fully  overthrown  by  actual 
experience.  Of  course  steel  rails  may  be  made  so 
brittle  as  to  be  worthless,  and  it  is  well  ascertained 
that  punching  holes  in  them  has  a  most  ii\jurious 
cfibct;  but  this  process  is  now  discontinued,  and  it 
is  certain  that  rails  rolled  from  good  Bessemer  steel 
and  drilled,  instead  of  punched,,  are  nut  only  far 
more  durable,  but  are  at  least  as  tough  as  the  best 
iron  rails. 

STEEL  AND  Stebl-Headsd  Rails. — ^Thc  follow- 
ing is  Mr.  Abram  S.  Hewitt's  circular  to  rail- 
way managers,  containing  the  conclusions  arrived 
at  durhig  his  late  investigations  in  Europe  on  this 
subject : 

Having  made  a  visit  to  Europe  during  the  past 
summer,  with  Mr.  John  Fritz,  Manager  of  the 
Bethlehem  Iron  Works,  at  Bethlehem,  Penn.,  for 
the  purpose,  mainly,  of  acquiring  information  in 
regard  to  the  use  of  steel  for  rails,  I  do  not  think 
that  I  can  render  a  more  acceptable  service  to  the 
Failroad  interests  of  the  United  States  than  by 
making  a  brief  statement  of  the  conclusions  at 
which  we  arrived. 

First. — It  appears  to  be  certain  that  on  all  roads 
doingi^  large  butii«iB,  and  especially  where  heavy 
engines  are  run  at  a  high  speed,  steel  must  be  sub- 
stituted for  iron,  on  the  wearing  surface  of  the 
track.  The  steel  may  be  either  puddled,  or  made 
by  the  Siemens-Martin  Bessemer,  or  crucible  pro- 
cess; but,  whatever  kind  of  steel  may  be  employed, 
eare  must  be  taken  that  the  steel  be  of  good  quality, 
and  adapted  to  the  purpose.  This  demands  skill  in 
the  manufacture,  and  care  in  the  inspection.  Unless 
this  skill  is  used,  and  care  exercised,  there  will  soon 
be  the  same  complaint  in  regard  to  the  quality  of 
steel  as  has  existed  in  regard  to  the  quality  of  iron. 

Second. — For  roads  having  a  small  traffic,  iron 
rails  are,  as  yet,  more  economical,  provided  light 
engines  and  moderate  speed  are  employed.  If  pro- 
per care  is  used  in  the  manufacture  and  inspection, 
and  a  price  paid  sufficient  to  cover  the  cost  of  good 
materials  and  workmanship,  there  is  no  more  diffi- 
culty now  than  there  was  in  former  years  in  pro- 
curiug  iron  rails  of  good  quality.  The  real  cause 
of  the  inferiority  of  modern  rails  appears  to  be  due 
■oliUy  to  the  unwillingness  of  railroad  managers  to 
pay  a  price  adequate  to  meet  the  actual  cost  of 
good  iron  and  skillful  work. 

Third* — The  question  as  to  whether  all  steel  rails, 
or  iron  rails  with  steel  heads,  should  be  used,  is 
mainly  one  of  first  cost.  There  have  been  slight 
objections  to  steel-topped  rails,  when  cast  steel  is 
nsed  for  the  head  ari.sing  out  of  the  liability  of  the 
steel  to  separate  from  the  iron,  but  this  objection  is 
now  removed  both  in  Euiopc  and  in  this  country, 
by  the  experience  which  has  been  gained  at  Dow- 
lais  in  Wales,  and  at  Trenton  in  New  Jersey;  and 
it  is  safe  to  affirm  that  steel  and  iron  can  be  cer- 
t^kolj  united  so  as  not  to  separate  in  the  weld. 
The  experience  with  the  Booth  rail  on  the  New 
¥ork  Central  Railroad  also  goes  to  show  that  it  is 


not  necessary  to  weld  the  steel  and  the  iroattU, 
leaving  it  merely  a  questiou  of  prime  eua  a  i» 
whether  the  heads  shall  be  welded  or  not.    At^ 
all  steel  rails,  whether  made  from  Be&Mnuer.  la- 
tin-Siemens, or  crucible  steel,  the  oikiy  ukycM 
appears  to  be  in  their  liability  to  break  in  ytrj  eoid 
weather ;  but  the  percentage  of  such  accidBtfi » 
very  small — and  all  things  considered,  it  is  dificilt 
to  decide  whether  this  objection  is  of  more  taa^ 
than  the  possibility  of  a  scpttratioo  of  the  siedfnA 
the  iron  in  the  steel-topped  raib. 

On  the  whole,  we  came  to  the  ooocliisioo  thst  «e 
would  take  cither  the  aii'tteel  or  the  Uul-Uffd 
rails  properly  made,  giving  the  prefervcce  to  tbe 
one  which  could  be  supplied  at  the  l«>west  price  |tf 
ton.  In  other  words,  we  believe  that  the  qscstks 
of  first  cost  should  alone  decide  wbetber  to  im 
steel-topped  rails  or  rails  made  entifvly  (W»n  steel, 
provided  the  quality  of  the  materials  used  and  tbi 
workmanship  is  equally  good  in  both  cases.  Tbe 
Siemens-Martin  process  has  solved  the  ody  diffi- 
culty which  existed  in  regard  to  steel  rails  whn 
worn  out,  by  working  them  over  as  the  raw  sute- 
rial  for  new  rails.  This  proix^ss  is  now  in  otitT-.it»« 
at  most  of  the  leading  works  in  Europe,  and  cto  Ic 
seen  at  work  at  Trenton,  N.  J.,  prodocing  &ted 
which  welds  perfectly  to  iron,  and  tiierefore  sdmir' 
ably  adapted  for  steel  tops. 

THE  MANurACTUKE  OP  Stbbl.  —  The  Parii 
**  Presse  **  says  : — "An  experiment  of  a  bmI 
interesting  character,  and  having  the  highest  iotc 
rest  for  the  iron  industry,  has  taken  place  at  tbe 
Marquise  Stock  Works,  in  presence  uf  two  emineni 
persons  of  the  Ecole  CentnUe.  The  object  uf  thii 
experiment  was  to  make  steel  by  one  operatios,  i 
problem  which  has  engaged  all  metallurgists,  sod  il 
solved,  would  cause  an  industrial  tevoluti«i.  M. 
Aristide  Berard,  an  engineer  whose  name  b  fa- 
miliar to  all  who  have  occupied  themseU-es  vitk 
this  question,  proposed  to  change  secoud  cLbi 
metal  in  course  of  refining  into  steel  of  at  kasi 
ordinary  quality,  by  means  of  a  process  altenuteijf 
oxidizing  and  reductive.  His  efforts  hare  bti-s 
crowned  with  success.  The  product  obtained  by 
his  process,  in  presence  of  two  competent  jud^d^ 
proved  to  be  steel  of  good  quality,  suiuble  Ivr  all 
purpose,  and  made  with  the  facility  necessary-  to  ill 
application  to  practical  industry.  Tbe  open^tiuci 
was  eticcted  in  a  reverbatory  furnace,  lasti^  alioal 
an  hour  and  a  half,  and  was  accomplished  with  ai 
much  facility  as  puddling.  In  this  process,  instead 
of  acting  on  480  pounds  of  metal  to  obtain  iron  U 
number  one  quality,  from  6,(iOO  to  11,000  pooodj 
of  metal  is  made  by  only  one  operatii»n  into  stMJ 
ingots  ready  for  the  workshop^  and  with  aa  ixijrx< 
pected  economy.  We  will  be  much  deceived  I 
this  invention  has  not  in  it  the  gorm  of  a  coDiplHi 
revolution  in  metallurgy.'' 

THE  SiEMEHs  Furnace. — In  a  paper  before  tbi 
Iron  and  Steel  Institute,  Mr.  Josiah  T.  Smitb 
of  the  Barrow  works,  after  noticing  in  deUil  tin 
application  and  efiVct  of  the  gases,  added  that  foi 
many  months  each  producer  at  Barrow  had  vi4a 
tilized  3  tons  of  coal  per  24  hours,  and  that  ibi 
greatest  economy  eHectcnl  was  when  the  coa^oiap- 
tion  had  not  exceeded  50  cwt.  Estimating  tbi 
weight  of  one  cubic  foot  of  gas  at  the  ordinary 
temperature  of  thin  air  to  be  .075  lbs.,  the  vxHaoK 
of  carbonic  oxide,  hydrocarbon  and  hydrogen,  £tva 
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©He  ton  »f  coal  wuuld  be  tbout  53,000  ft,,  and  the 
valuine  of  nitrogen  about  122,000  ft.,  or  making 
tagtiUicr  A  toliil  of  175,943  iX,  Tht;  cuQainiiptiun 
or  e«MU  In  tbe  prDduotra  at  Barrow  being  600  lout 
|M2r  week^  it  gav«  an  anion nt  of  giLapiutSiing  tbrongh 
the  tubea  at  the  rat«  of  6|  It.  per  Stxond,  of  87,- 
€00,000  cubic  feett  or  throngb  the  vftrioim  fur- 
naces addiug  thi*  quant  Ely  of  air  there  aduiUttsd 
of  O.GOO  torn.  The  lavmg  of  fuel  by  thii  proctsa 
ai  Burrow  waa,  nver  a  f>criod  of  two  yt?*irs*  no  le*« 
thttu  44  per  ct.*at  i  but  the  actual  money  aaving.  Uy 
the  n*ts  tjf  a  partlcuUr  kind  of  cual|  Iiad  btn.'n  more 
tha-t)  oue-haif.  The  jield  of  the  gns  furnociis^ 
t«keD  over  the  same  pGrloclj  showed  ii  saving  of  Si 
per  cent  as  compared  with  tlie  work  at  the  firitig 
f^mjtcea,  and  fhu  amount  of  repairs  waajust  two- 
thirds  of  the  old  cost.  In  thuee  ihri^c  pjirtlculara 
wiw  ttndoubtedlj  to  be  fuund  the  chiof  economy  j 
but  the  adoption  of  ttje  system  enabled  them  to 
preserve  grei*tt»r  cleaolioeiHS  and  order  in  their 
%vorks,  and  an  entire  ab^sence  of  s tnoke  met  it  difSl* 
culty  which,  in  the  neighborhood  of  large  towiia, 
waa  every  ye^ir  becoming  a  greater  grievance. 
Tliere  waa^  he  admitted,  A  iUglitly  increased  out- 
\my  on  the  plant ;  hut  taking  itt to  t-uoEideratiun  thts 
inefcAse^l  eitpabilities  »&  to  t|n entity ^  it  would  be 
fuund  to  rif  preheat  the  dittereuce  iu  eoat  between 
tbe  two  aistems. 

IRONMAirNO  in  THE  Cl.ETELA!f]>  DUTHICT. — For 
economizing  the  nm  of  coke  in  thi^  bh\9t-fur' 
iiacea  their  heiglit  has  been  increased  from  time  to  , 
timer  ^^**^  45  ft.  to  95  ft.  and  upwardis.  Several  i 
of  the  original  45-tl  furn^tces  are  still  standing  in  | 
the  tieighb^rhood  of  Middlcsboruugbj  but  disused. 
It  haa  been  found  at  the  five  fnniaeea  of  Mei^srs.  ' 
Bolekow  and  Vivughan  that  the  furnaces  of  95  ft. 
Ufgli  and  16  ft.  boidk  are  n  little  more  economieal 
tt&  to  the  use  of  coke  than  the  other  three  furnaeea 
of  the  sjtme  height  i  two  o(  them  are  23  rt.  and  the 
other  22  fl.  in  the  bosh;  the  eapneity  of  the  latter 
11  about  SOjOOO  cubic  ft.,  and  of  the  former  «bout 
10.000  ft.  The  prixluction  of  pig -iron  will  not  be 
jr*  thf-  sjimo  ratio,  hot  is  g-^tatly  juigioeiitt'd  in  tlie 
larger  capacity.  Another  question  of  economy  is 
the  heat  of  tho  blast,  it  appears  that  with  the 
blast  heated  to  1300°  in  high  furnaces.  22  cwts.  of 
coke  are  required  in  reducing  1  ton  of  pig-iron. 
and  1  cwt.  of  coke  is  saved  for  every  100°  increase 
of  blast,  from  650°  to  1150°  and  upwards.  As  the 
blast  U  heated  invariably  with  tho  waste  gases  of 
the  blast-furnace,  this  saving  represents  a  direct 
economy  in  fuel.  The  blast-furnaces  in  the  Cleve- 
land district  are  closed  at  the  top  with  bells,  with 
the  exception  of  the  furnaces  at  Grosmont,  the 
gases  from  which  are  withdrawn  by  means  of 
chimney  draught.  At  the  furnaces  of  Messrs. 
Bolckow  and  Vaughan  calcining  kilns,  45  ft.  high, 
21  fl.  in  diameter,  are  erected  of  18  in.  fire-bricks, 
covered  with  i-in.  plates.  The  yield  of  iron  from 
raw  ore  is  about  80  per  cent.  One  too  of  coal  will 
calcine  about  40  tons  of  ironstone  in  these  kilns; 
the  calcined  stone  is  let  out  from  the  bottom  of 
ihe  kilns  direct  into  barrows.  The  coke  is  de- 
posited in  bopiMsrs,  and  is  let  out  at  the  bottom 
into  barrows  by  sluices,  and  afterwards  raised  to 
the  top  of  the  furnaces.  Tho  mode  of  raising  ma- 
terials from  the  ground  to  tho  top  of  the  furnaces 
in  most  cases  is  by  water-balance,  the  mpply 
water  being  pumped  into  a  tank  by  a  steam  en- 
gine.   Two  works  have  hydraulic  hoisting  appa- 


ratus, some  by  pneumatic  pressure,  and  others  by 
direct  iteam  power.— Jf in in^'  JottrnaL 

Kaupp's  Bkssekie  RAiLs.^Tbc  manufActureof 
Bessemer  iteel  rails  is  now  very  extensively 
carried  out  in  the  works  of  11  err  Krupp^  at  Esaen, 
There  are  four  converters  used  only  for  rail  mak^ 
ing*  The  ateel  ingots*  obtained  are  cylindrical, 
one  fl.  aix  m*  diameter  ^  and  live  ft.  high.  The  no 
ingots  are  hammered  under  a  «team  hammer  of 
eight  tons,  aud  reduced  to  an  octagfuml  st?clion 
twelve  in.  wide.  They  are  then  tolled  throni^h  a 
rolling  mill  worked  by  a  ItJO- horse  power  horiiion- 
tal  and  direet-actlug  engine.  This  engine,  which 
is  not  condensing,  runs  at  50  revolutions  per  min^ 
nie,  and  baa  a  fly-wheel  46  ft.  diameter,  weighing 
bO  tons.  The  ingot  Is  thus  converted  into  a  rec- 
tangular bar  5J  in.  thick  find  T|  in,  wide;  this  bar 
is  divided  into  six  or  eight  pieees,  under  a  jsteam 
hammer  of  four  tons.  Kach  of  the^e  pieces  is  used 
for  making  rails  j  they  are  rolled  through  a  stCjini 
rolling  mill  worked  by  a  tjtJO  horse  power  steam 
engine  to  the  speed  of  sL^cty  re  vol  at  ions  pi^r  min- 
U  te .  T  h  i  s  sy  ste  m  of  m  an  u  fact  ure  eimbJea  u  1 1  o  get 
rid  of  the  globules  which  have  been  ere  now  tho 
mo?jt  grievous  defect  uf  the  steel  railSf  and  whieh 
are  more  easily  expelled  from  a  large  ingot  than  a 
a  mall  one. — Tkt  Mugitietr^ 

WaounnT-Taox  CatuxiT. — A  new  wtought-lroii 
eijimney  has  been  recently  erected  itt  iho 
CpouRot  Ironwoikjj*  It  is  lt>7  ft  in|:h  and  0  ft.  7 
in.  diameter.  At  the  bottom  the  diameter  is  in- 
creased to  10  ft*  hy  a  curved  base,  which  is  fas- 
tened by  verticid  bolts  to  masonry  work.  The  tbick- 
ne«s  of  *the  sheet- iron  is  S-32  in,  at  the  top^  and 
7-16  in.  at  the  bottom.  There  is  an  Inside  Iroa 
ladder.  The  weight  of  this  chimney  is  40  tonat  it 
has  been  riveted  horizontally}  and  lifted  afterwarda 
with  a  crane.  Another  one,  275  ft.  high,  will  ^le 
soon  erected^  but  by  a  dlQerent  system;  it  will  be 
riveted  vert  tea  tly,  with  an  inside  Koaffolding.  Theso 
chimneys  are  built  for  an  extension  of  the  Creusot 
Works .  es  pccltil  !y  in  tended  for  st  ee  I  mak  ing.  There 
will  be  eight  Bessemer  converters,  where  the  cast- 
iron  will  be  run  direct  fi-om  the  blast-furnace;  there 
will  be  also  many  Martin's  furnaces,  and  an  exten- 
sive workshop  for  melting  steel  in  crucibles,  where 
it  will  be  possible  to  melt  together  50  tons  of  steel. 

ACCIDENT  AT  A  Bessemkr  W0RK8. — A  seHons 
accident  has  occurred  at  the  Atlas  works,  be- 
longing to  Messrs.  John  Brown  Sc  Co.  (Limited)  at 
Shetiield.  Six  men  were  engaged  in  casting  an 
immense  ingot,  when  the  vessel,  which  contained 
about  seven  tons  of  molten  metal,  was  overturned, 
in  c^msequence  of  the  chain  which  balances  it  giv- 
ing way.  The  whole  of  the  red-hot  steel  was  cast 
upon  the  floor.  Three  workmen  were  very  se- 
verely burned.  The  metal  spread  all  over  the 
floor  of  the  workshop,  which  is  situated  in  the 
Bessemer  department  of  the  manufactory,  and 
several  other  workmen,  who  were  some  distance 
from  the  moulding  apparatus,  had  very  narrow 
escapes. 

PRODUCTION  or  Rails  in  France. — A  table  which 
has  been  prepared  in  illustration  of  the  produc- 
tion of  rails  in  France  during  the  last  ten  years 
presents  the  annexed  results:  1859,  101,426  tons; 
1860,  121,488  tons;  1861.  164,871  tons;  1862, 
216,175  tons;  1868,  226,948  tons;  1864,  215,988 
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Pim;  1865, 184,181  tons;  1866, 159,061  tons;  1867, 
1V4,[]61  tons;  and  1868,  202,204  tons.  The  aver- 
tt^e  price  per  ton  in  1859,  was  £10  2s.  per  ton, 
while,  in  1808,  it  had  fallen  to  £7  2b.  per  ton. 

BRITISH  Blast-Furnaces. — The  number  of  fur- 
naces in  blast,.in  1868,  was  660;  and  the  make 
I  if  pig  iron  in  Great  Britain  amounted  to  4,970,206 
tnns,  an  increase  of  209, 183  tonsover  1867.  In  £ng- 
h^nd  the  make  was  2,970,905  tons,  an  Increase  of 
]^>9,0b9  tons;  in  Wales  and  Monmouthshire,  981,- 
nOl  tons,  an  increase  of  12,221  tons;  in  Scotland, 
1  068,000  tons,  an  increase  of  87,000  tons. 

MAGNETIZATION  OF  Ibon  AND  Stsel. — At  a  re- 
cent meeting  of  the  Academy  of  Sciences,  at 
ViiMitm,  Herr  A.  Wallenhofen  read  a  paper  on  the 
limits  of  the  magnetization  of  steel  and  iron.  As 
1'^  gi^neral  result  he  finds  the  potential  temporary 
ntaguutization  of  iron  to  be  about  five  times  greater 
thuu  that  of  the  best  steel. 

/Iatasaqua  Manufactvbing  Co.'s  Iron. — ^Tests 
v>  at  the  Scott  foundry,  Reading,  give  specimens 
«r  three  brands  of  this  iron— 66,000  lbs.,  68,400  lbs. 
»ud  74,600  lbs.  tensile  strength,  re.si)ectively. 

StFfX  Boilers. — Messrs.  D.  Adamson  &  Co.  are 
tK»w  making  steel  boiler  shell  rings  in  one  plate, 
1, seafaring  27  ft.  in  length,  and  weigliiug  upwards 
of  16  cwt.  each. 


ORDNANCE  AND  NAVAL  NOTES. 

TriE  "  Inconstant."— This  fine  frigate,  of  4,060 
ions  measurement,  1,000-h.p.  (nominal),  carry - 
lug  OH  her  armament  ten  12  ton  9  in.  and  six  6^  ton 
Tin.  muzzle -loading  rified  guns,  mounted  on  iron 
e  irririges  and  slides — the  pioneer  of  the  now  type  of 
u:iiiuiored  iron-built  war  frigates  introduced  into 
Ike  Kuglish  navy  by  the  present  Chief  Constructor 
— hajs  been  put  through  her  official  speed  trial  at 
iur  l<>ad  draught  of  water  over  the  measured  mile 
ia  Stokes  Bay,  near  Portsmouth,  and  by  the  excep- 
tiun»lly  high  rate  of  speed  she  attained  more  than 
c  TO  firmed  the  strongly  favorable  opinions  of  her 
I»i)Wtrs  created  by  her  previous  performance  on  her 
I»reliminary  trials,  and  also  exceeded  the  estimate 
iff  hiT  speed  given  in  officially  to  the  Admiralty  by 
liuT  designer.  The  speed  trials  of  the  Inconstant 
^re  without  doubt  the  most  important  by  far  of  all 
t  Imt  have  yet  been  made  over  the  measured  mile  in 
ll\h  country.  She  is  a  war  frigate  designed  for 
H3)d€ial  services,  requiring  exceptional  si)e^  under 
FttiEiia,  and  in  all  respects  intended  for  competition 
with  the  flying  unarmored  war  frigates  lately  added 
ti*  the  American  Navy,  and  whose  powers  for 
^iftonne  and  flight  under  steam  have  been  so  highly 
I'uliij^ized  in  the  official  documents  reporting  upon 
lh<<ir  trials  and  handed  in  by  theofliicers  conducting 
llieni  to  the  secretary  of  the  United  States  Navy, 
hi  tlie  American  official  documents  the  Wampanoag 
won  iiaid  to  have  steamed  at  the  rate  of  16.7  knots 
jier  liour  for  87  consecutive  hours,  in  a  strong  beam 
Hi'ii  ^md  wind,  over  a  given  distance  along  the  coast 
Hno.  This  was  stated  in  the  reports  to  have  been 
tit  mo  by  the  Wampanoag,  at  her  proper  seagoing 
trim,  and  with  all  weights  on  board;  but  now  this  is 
Htly  contradicted  on  this  side  the  Atlantic,  and  the 
Wunipanoag  is  asserted  to  have  attained  her  extra- 
ct dlnary  rate  of  speed  under  conditions  difibrent 
rk't^n  those  given  in  the  official  reports.    It  would 


be  of  some  ^ 
relating  to  tl 
fVigate,  in  on 
standard  by 
our  own  frig 
and  three-qi 
hours  by  th< 
assertion,  an 
ship  carryinj 
weights  in  < 
greatly  assist 
information 
the  87  hours 
be  only  consi 
to  be  in  this 
case  the  Inc< 
2^  knots  per 
On  weighii 
trial  the  Incc 
and  24  ft.  7  i 
crew,  powde 
but  the  wei( 
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addition,  she 
coals,  &c.,  80 
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tkie  fore  part  of  the  rudder  was  reduced  in  area  very 
cousidembly  the  last  time  she  was  in  dock,  and  per- 
fect coDumind  is  now  kept  over  the  ship  by  the  men 
at  the  wheel,  however  far  the  helm  may  be  put  over. 
On  her  light  draught  trial,  the'  vibration  on  board 
was  foand  to  be  very  great,  but  since  the  ship  has 
been  brought  down  deeper  in  the  water  this  has  been 
iDHterially  lessened  and  when  the  engines  were 
being  driven  at  their  highest  speed,  the  vibration 
exhibited  by  the  hull  of  the  ship  was  nothing  at  all 
extraordinary  or  beyond  what  is  usually  felt  under 
such  circumstances.  The  engines,  which  were 
in  charge  of  Messrs.  Anderson  and  Knight,  as  the 
representatives  of  the  manufkcturers  Messrs.  John 
Penn  &  Son,  gave  satisfaction  in  every  respect  to 
the  Government  officials  on  board. — jirtizan. 

WAK  ExPEHDiTURK. — The  annexed  table  is  ex- 
tracted from  a  pa|>er  on  war  taxation,  by  Mr. 
'William  Stokes,  which  was  recently  read  before  the 
National  Reform  Union,  at  Manchester.  Mr.  Stokes' 
object  was  to  set  forth  the  permanent  consequences 
of  what  he  terms  profligate  war  expenditure  and 
periodical  invasion  panics.  The  conclusion  he 
draws  from  the  flgures  is  that  the  industry,  trade 
and  manufactures  of  Great  Britain  are  more  shack- 
led and  burdened  by  needless  taxation  than  those  of 
any  other  nation : 

National 
debt. 
£ 

1 .  Ducal  Hesse 228,916 

2.  Sweden 4,114,880 

3.  Norway 1,864,167 

4.  Chili,  S.  America . .     2,938,405 
6.  Prussia  (18G6) 42,123,064 

6.  Turkey 69,142,'J70 

7.  Oldenburgh 621 .685 

8.  Electoral  Hesse 1,485,892 

9.  Brazil 80,762,289 

10.  Hanover 6,423,965 

11.  Russia 274,644,770 

12.  Wurtemberg 7,033,911 

13.  Saxony 9,912,049 

14.  Belgium 26,070,021 

15.  Brunswick 1,707,707 

16.  Bavaria 29,669,267 

17.  Baden 9,266,728 

18.  Austria 268,966,064 

19.  Denmark 14,862,465 

20.  Italy 211,603,298 

21 .  Portugal 42,930,472 

22.  Spain 163,927,471 

23.  Greece 14,000,000 

24.  France 666,680,067 

26.  Hamburgh 4,222,897 

26.  United  States 679,880,391 

27.  HolUnd 81,790,799 

28.  Great  Britain 797,031,660 

THE  North  German  Flbbt. — The  Imperial  Navy 
of  North  Germany  dates  its  origin  from  the  year 
1848,  when  the  Danish  war  demonstrated  to  Prussia 
the  necessity  of  establishing  a  fighting  fleet  and 
showed  the  position  of  a  nation  lacking  this  branch 
of  military  power.  Denmark,  a  country  insignifi- 
cant in  comparison  with  the  Grerman  Principalities, 
was  enabled  to  inflict  vital  injuries  which  they  were 
powerless  to  prevent  or  to  resent.  At  first  the  want 
of  union  among  the  German  States  made  itself  very 
strongly  felt  during  the  establishment  of  the  fleet, 
and  instead  of  a  combinfttioll  of  all  the  resources  at 
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16 
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10 
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12  15 

3 
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9 
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18  18 

9 

21 

17 

10 

26  10 

0 

command  they  were  wasted  to  create  two  navies — 
one  in  the  North  Sea,  and  a  Prussian  fleet  in  tlit.> 
Baltic.  And  all  the  money  which  could  be  gathernl 
for  the  purpose  was  absorbed  without  a  Germ;.!i 
fleet  being  created.  In  despite,  however,  of  cjI 
these  unfavorable  circumstances  the  Prussian  na\  y 
has  so  far  increased,  during  the  last  twenty  yea^^i. 
that  it  has  developed  from  an  insigniflcant  fleet  f  f 
gunboats  to  a  marine,  comprising  thirty  steam  at.d 
six  sailing  ships,  besides  gunboats  and  vessels  f.r 
harbor  defenses.  The  navy  comprises  the  fighting 
and  training  ships,  transports,  coast-guard  ve£8eI^, 
and  those  for  the  defences  of  ports  and  harbors.  (  f 
the  first  named,  five  are  armor-clad — the  rest  <  f 
wood,  which  are  still  considered  capable  of  go<nl 
service;  the  training  ships  beins  for  the  most  part 
disrated  sailing  vessels,  in  which  officers  and  sea- 
men receive  tiicir  professional  training. 

The  following  table  shows  the  actual  strength  of 
the  effective  navy  of  North  Germany  : 


Namb  or  Ship. 


ARMOR-CLAD  FRIGATES. 

Koenig  Wilhelm 

Friedrich  Kari» 

Kron-PrinE 

ARMOR-CLAD  TURRET 
8UIP8. 

Arminiusf 

Prince  Adalbert^ 

WOODEN  CORVETTES  WITH 
PROTECTED  BATTERIES. 

£lizabeth§ 

Hertha 

Vineta 

Arkona 

Gazelle 

CORVETTES  WITH  BATTER- 
IES EN  BARBETTE. 

Medusa 

Nymph 

Augusta 

Vittoria 

DESPATCH  BOATS. 

Eagle 

Loreley    

ROTAL  TACUT. 

Cricket 

1st  class  gunboats. 

Basilisk 

Lightning 

Chameleon 

Comet 

Cyclops 

Dolphin 

Dragon  

Meteor 


^ 

s 

% 

& 

i. 

■5 

O 

o 

Szi 

n 

28 

1150 

16 

960 

16 

800 

4 

800 

8 

800 

28 

400 

28 

400 

28. 

400 

28 

886 

28 

886 

17 

200 

17 

200 

14 

400 

14 

400 

4 

800 

2 

120 

2 

160 

8 

80 

8 

80 

8 

80 

8 

80 

8 

80 

3 

80 

8 
8 

80 
80 

& 

OB 

i 


59.'?8 
88(X) 
44^  i 


1230 
770 


20to 
174  J) 
174  •» 
IG-Jl 
16:-l 


925 

9J5 

14tU 

14(>2 

800 

8U2 

403 

820 

826 
826 
8J»i 
8l'i; 
8'J6 
826 
Z'2'3 


•Length,   290  ft.   4  in.;    beam,    53  ft.   3|  in.; 
draaght,  23  ft.  9|  in.;  armor,  5|  in.  thiek. 

t  Length,   200  ft.    4  in.;    beam,  30  ft.   1  In.; 
draught,  13  ft.  11  ia. ;  armor,  4  9-10  in.  tbiok. 

I  Length,   168    ft.   0^  in.;    beam,   82  ft.   9  in  ; 
draught,  14  ft.  10  in. 
^     §  Length,  231  ft.  7  in. ;  btam,  43  ft.  3  in. 
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Name  op  Sihp. 


2d  class  guh boats. 

Fox 

Shark 

Vulture 

Hyena 

Chasseur < 

Aspic 

Arrow 

Salamauder 

Nightingale 

Scorpion , 

Sparrowliawk 

Tiger 

Wasp 

Wolf 

Sailing  Ships. 

FRIOATfiS. 

Gefion 

Thetis 

Niobe 

BBIGGS. 

Mosquito 

Rover 

Hela 


g) 


o 

5*; 


48 
88 
26 

16 

16 

6 


i 


60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 


a 
§ 


283 
288 
283 
283 
283 
283 
283 
283 
283 
283 
288 
238 
233 
238 


7406 
1557 
1052 

549 
552 
253 


Besides  these  there  are  five  vessels  for  harbor 
lervice,  thirty-two  yawls  armed  with  two  guns,  and 
four  with  one  gun  each. 

Two  corvettes  are  in  course  of  construction — ^the 
Hansa,  with  an  armor-plated  battery  of  eight  guns, 
and  of  450  horse  power ;  and  the  Ariadne,  a  wooden 
ship,  with  a  battery  of  six  guns  and  with  360  horse 
power.  Altogether  tho  Prussian  navy  possesses  90 
armed  vessels  of  all  denominations,  mounting,  col- 
lectively, 1,549  guns;  but  few  of  these,  however, 
were  built  at  any  of  the  Imperial  dockyards. — En- 
gineerina[. 

SHOEDURTNESS  EXPERIMENTS  ON  SHistfeS  AND 
Fuses. — A  series  of  experiments  were  recently 
conducted  at  Shoeburyness,  with  the  object  of  ascer- 
taining the  relative  efficiency  of  the  Palliser  shells, 
having  their  heads  chilled  and  bodies  cast  in  sand, 
the  merits  of  shells  made  of  Firth's  steel,  and  con- 
taining large  bursting  charges,  and  to  determine  the 
reliability  of  a  new  form  of  fuse  designed  by 
Lieutenant  E.  Boxter,  R.  N.  All  the  rounds  were 
fired  from  the  9  in.  "Woolwich  rifled  gun,  with  full 
battering  charges  of  43  lbs.,  at  a  range  of  200 yards, 
against  an  8  in.  plated  target,  with  18  in.  teak 
backing  and  |  in.  skin.  Five  rounds  were  fired 
with  the  compound  Palliser  projectile  (having  the 
chilled  head  and  soft  iron  body),  and  two  rounds 
with  shells  of  Firth's  steel,  the  first  third,  fifth, 
sixth  and  seventh  rounds  being  with  the  former, 
and  the  second  and  fourth  with  the  latter  class  of 
projectiles. 

*In  the  first  round  the  Palliser  shell  efiected  a 

nenetratioQ  of  22  in.  from  the  back  of  the  head, 

kjh  remained  in  the  hole,  the  body  being  blown 

infVoDtoftheUrget. 

the  second  round  with  a  hardened  Firth  steel 


shell,  penetrated  to  a  depth  of  26  in.,  the  Mlk 
ing  in  the  backiug,  and  tbe  body  being  Uova  oi 
the  shield. 

The  third  round  with  a  PaUiKr  shdl,  p 
tratcd  to  a  depth  of  25|  in.,  tearing  away  tike  b 
ing,  and  tearing  some  of  the  backing  giitien. 

The  fourth  round,  a  Firth's  uvoci  shell  ] 
trated  to  8^  in.,  makii^  a  hole  10  in.  by  11  is. 
efiect  of  this  round  manifested  itself  in  itrv 
oif  flakes  of  the  plates  in  the  Ticinity  of  ti» 
of  impact. 

The  Boxer  fuse,  which  has  been  adapted  i 
Palliser  shell,  is  intended  to  be  used  io  iboic 
jcctiles  which  are  fired  against  wooden  or  tl 
plated  ships,  which  are  now  penetrated  by 
with  the  same  efiect  as  by  solid  shot.  The 
are  made  of  gun-mutal,  and  are  serewed  ial 
rear  of  the  shell  through  a  ^n-metal  bnshiaj 
the  front  of  the  Aise  plug,  in  a  cylindrical  rec 
placed  a  small  cylinder  of  lead  behind  a  gon- 
hammer,  which  is  suspended  by  a  wire,  la 
is  placed  the  fdlminate  upon  a  disc  in  eontae 
a  pellet  of  compressed  powder.  When  the  { 
discharged  the  leaden  cylinder  is  eompresM 
the  hammer  is  liberated  by  the  shearing  of  thi 
which  suspended  it,  and  so  84>on  as  ihe  shi 
impact  occurs,  the  hammer  springs  forwani 
striking  the  ftilminate,  explodes  the  shell  by  i 
of  the  powder  pallet.  The  act  of  explosion, 
ever,  occupies  a  space  of  time  snflicicnt  to  ail 
the  passage. or  the  projectile  through  the  v 
sides  or  the  thinly  airmored  walls  of  a  ship. 

Three  experimental  rounds  were  fir«d  with 
provided  with  these  fuses  with  the  ol»jcct  of  i 
taining  whether  the  efliciency  of  the  Palibei 
jectile  would  be  impaired  when  fired  against 
plates.  In  all  these  rounds  a  complete  pcDct 
was  effected,  as  well  as  a  marked  superiority 
amount  of  damage. 

The  experiments  of  the  day  were  completed 
some  rounds*  fired  from  a  9-{>ounder  Indian 
field  gun,  to  ascertain  the  value  of  a  new  fu^, 
a  combination  of  the  service  Boxer  wood  tiux 
and  a  modification  of  Captain  Freeburn'5coDci 
fuse,  adapted  for  light  field  pieces  as  well  i 
heavy  guns — Engineering. 

PONTOONS  FOR  TRANSPORT  SbIPS. About 
year8  since  Admiral  Mends  proposed  the 
struction  of  pontoons  for  the  service  of  the  nen 
large  transport  ships  Serapis,  Euphrates  and  C 
dile.  The  first  pontoons  which  were  cunstr 
for  the  Serapis  were  of  cylindrical  form,  and 
built  of  steel  by  Maudslay.  Four  were  m&< 
constitute  the  raft,  the  weight  of  each  being  j 
2|  tons.  On  the  trial  of  them  before  the  navi 
military  authorities  at  Woolwich,  it  was  sugj 
that  pontoons  constructed  of  Mr.  Clarkson's 
material  would  possess  qualities  of  lighi 
strength,  and  buoyancy  peculiarly  suitable  fo 
operations  such  pontoons  would  be  called  up 
perform,  and  that  they  would  also  be  more  < 
repairable  if  damaged  by  musketry  fire.  Four 
toons  of  the  following  dimensions  were  ordered 
experimental  trial,  and  these  were  launched  ini 
Thames  on  Monday  last.  Their  dimensions 
Length,  86  fl. ;  diameter,  4  ft.  6  in.  A  light  fr 
work  is  made  of  wood  as  the  skeleton  of  the  5 
ture.  The  form  is  then  completed  by  plankii 
I  in.  thick  pine  wood,  both  sides  of  which  are 
erod  by  stout  canvasi  adhering  to  the  sorftces 
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waterproof  solution.  Orer  this  sheet  cork  is  applied 
by  the  same  adhesive  substance;  the  whole  pontoon 
n  coated  with  the  solution,  and  a  strong  jacket  of 
canvass  is  superadded  as  the  external  covering. 
The  advantage  of  this  material  is  that  it  possesses 
elasticity  and  such  capacity  of  cushioning  blows  that 
tbe  vessel  receives  no  injury  from  such  concussions 
as  wuuld  be  liable  to  fracture  or  indent  metal  struc- 
tures; and  with  the  passage  of  shot  there  is  an  ab- 
aence  of  splinters,  and  a  natural  tendency  on  the 
part  of  the  cork  material  to  close  up  the  orifice 
made  by  the  missile.  The  four  pontoons  were  man- 
afactured  in  London,  and  floated  down  the  river  to 
the  factory  of  Messrs.  Maudslay,  Sons  and  Field, 
where  they  were  fitted  together  by  spirs  and  lash- 
ings, and  a  stage  or  platform  for  lauding  or  embark- 
ing guns,  trooi>s,  horses,  &c.,  erected  upon  them. 
The  pontoon-  was  then  towed  down  by  the  Bustler, 
Admiralty  steam  tug,  to  Woolwich  dockyard. 

rE  Turret  Ship  Moxabch. — The  following  notes 
of  the  dimensions  and  performance  of  the  two- 
turret  armored  ship  Monarch  will  be  found  of  inter- 
est: 
Length  between  perpendiculars...  380  fl. 

Extreme  breadth 57  IX.  6  in. 

Depth  of  hold 18  ft.  8  in. 

Tonnage 5,102  tons. 

Draught  load  on  trial — forward. . .  21  ft.  10  in. 

a  **       _aft 25  ft.  8  in. 

Displacement     "        8,070  tons. 

Engines,   nominal  HP 1,100. 

Cylinders,  diameter 120  in. 

"         stroke 4  ft.  6  in. 

Indicated  on  measured  mile 7,812  HP. 

Revolutions,  mean        "        03.61    " 

Indicated  on  six  hours*  trial 7,470    *' 

Revolutions,  mean,  six  hours'  trial,  62.67    " 
Steam  in  boiler,  measured  mile ....  8 1 .33  lbs. 

"        **       sixhours' trial....  30.58   " 

Midship  section 1,208  sq.  ft. 

Mean  spsed,  measured  mile 14.937  knots. 

y^^^  "         513.4 

1  U  P  

^^^                        "          .  ...    171 
I  H  P  ^'* 

Mean  speed,  six  hours'  trial 14.715  knots. 

Co-efficients  as  above 515.3  and  171.6. 

The  Monarch  has  nine  boilers,  containing  forty 
Airnaccs,  the  area  of  grate  being  770  sq.  ft.,  while 
the  total  heating  surface  is  20,900  sq.  ft.  There 
are  3,600  sq.  ft.  of  supsrheating  surface,  and  the 
surface  condensers  present  10,500  sq.  ft.  of  surface. 
The  Griffiths'  screw  is  23  ft.  4  in.  m  diameter,  and 
2i5  ft.  pitch.  The  armament  of  the  Monarch  con- 
sists of  two  25-ton  riHed  guns  in  each  turret,  be- 
sides three  smaller  guns  on  deck.  Each  turret  is 
2j  ft.  6  in.  in  external  diameter,  and  22  ft.  inside, 
the  solid  rolled  plates  around  the  ports  being  10  in. 
thick,  while  at  other  parts  of  the  turrets  the  thick- 
ness is  8  in. — Engineering, 

THE  Stevexs  Battery. — The  celebrated  **  Stevens 
Battery"  is  still  at  the  yard  in  Hoboken,  where 
her  keel  was  laid  long  ago.  The  ban  of  secrecy  has 
not  yet  been  removed  from  the  work  on  the  vessel, 
which,  however,  is  still  stexuiily  progressing.  Our 
reporter  visited  the  yard  yesterday,  and  was  enabled 
to  gain  a  few  facts  in  regard  to  the  construction  of 
this  modem  marine  monster.    The  vessel  as  she 


stands  is  250  ft.  in  length,  30  ft .  in  brpadth  and  draws  •  ;• 
27  ft.  of  water.  Her  hull  is  composcni  of  teak  wood 
two  feet  in  width,  with  a  covering  of  four  inches  of 
iron,  which  is  screwed  on  with  copper  bolts.  Her 
decks  are  composed  entirely  of  iron,  and  the  battery 
which  she  is  to  carry,  is  to  consist  of  four  guns  of 
enormous  caliber,  throwinga  solid  ball  of  700  pound 
weight.  She  will  have  two  screw  propellers,  and 
it  will  be  impossible  for  her  to  turn  within  a  space 
equal  in  length  to  that  of  the  vessel.  Greneral 
McClellan  ia  at  present  superintendent  of  the  work, 
and  he  has  180  men  employed.  The  ram  is  to  be 
completed  during  the  year  1871,  when  it  will  be 
presented  to  the  State  of  New  Jersey,  as  a  protec- 
tion to  New  York  Harbor.  Thus,  says  a  New  York 
Daily,  very  correctly,  only  the  length  of  tbe  vessel 
is  420  tX.  instead  of  250,  and  45  ft.  beam  iiglMd  of 
30;  and  she  is  built  of  iron  insteadOii^Wir/-^  £o. 
V.  N.  M. 

IMPRCMTEMENTs  IN  MusKETS. — The  equipment  of  a 
musketeer,  as  late  as  1689,  was  very  cumbrous. 
He  was  provided  with  a  heavy  wooden  fork,  which 
he  had  to  stick  into  the  ground  with  the  prongs 
uppermost,  to  serve  as  a  support  for  his  matchlock, 
which  he  had  to  load  with  his  powder-horn  and 
measure,  keeping  the  ball  meanwhile  between  his 
lips.  The  wadding  he  had  to  get  from  his  hat. 
Nevertheless,  the  wheel -lock,  provided  with  pyrites 
instead  of  Hint,  had  long  been  invented,  but  seems- 
never  to  have  come  into  general  use  in  armies,  ex- 
cept for  cavalry  pistols.  The  French  lock  which, 
preceded  the  percussion  system  was  invented  as. 
early  as  1640,  though  it,  of  course,  received  sue-- 
ccssive  improvements.  But  even  before  that  time  • 
Gustavus  Adolphus  liad  introduced  a  great  improve-  • 
ment  in  musketry,  by  reducing  the  weight  of  the 
piece  to  10  lbs.  instead  of  15  lbs.  This  enabled  the 
soldier  to  do  away  with  the  fork,  and  therefore  in- 
creased the  rapidity  of  the  fire.  The  bullet  weighed, 
an  ounce.  A^o^bei*  improvement  of  his  was  the- 
paper  cartridge,  which,  however,  at  first  only  con-- 
tained  the  powder,  the  bullets  being  kept  in  a  bag. 

PALLisER  Mortar. — ^A  13  in.  sea  service  mortify, 
of  five  tons  weight  has  been  ordered  to  be  con- 
verted upon  Major  Pall iser's  plan  into  a  9  in.  rifled 
mortar  of  about  6 J  tons  weight,  to  fire  the  9  in.  ser- 
vice rifled  shell,  which  contains  a  bursting  charge 
of  18  lbs.  of  powder.  The  bore  of  the  mortar  will 
be  elongated  to  about  4  ft.  6  in. ;  and  a  range  of 
about  7,000  yards  is  expected  to  be  obtained  from 
a  charge  of  20  lbs.  of  powder.  Some  ftirthcr  ex- 
periments are  being  carried  on  with  two  10  in.  shell 
guns,  which  are  being  converted  respectively  into 
an  8  in.  and  a  7  in.  rifled  gun,  in  order  to  determine 
the  most  suitable  caliber  for  the  conversion  of  cast 
iron  10  in.  shell  guns.  The  whole  of  the  212  8-in.  guns 
converted  into  6  3  in.  rifled  guns  by  Sir  Wm.  Arm- 
strong Sc  Co.  have  been  passed  into  the  service,  and 
200  more  are  in  course  of  conversion  in  the  royal 
gun  factories.  It  is  probable  that  a  considerable 
number  of  guns  will  be  converted  next  year  for  land 
defenses,  the  whole  of  the  above  487  guns  being  for 
the  navy. 

Harvet's  Sea  Torpedoes. — A  considerable  num- 
ber of  these  formidable  machines  have  been 
supplied  by  the  maker,  Mr.  William  Nunn,  of  St. 
George  street,  London  Docks,  to  the  Russian  GoT- 
emment. 
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FOREIGN  20-iM.  Gun. — Some  interesting  experi- 
ments have  taken  place  at  Perm  with  a  new  20 
in.  gun,  cast  in  the  foundry  of  that  town.  The 
trials  made  with  this  gun,  under  the  direction  of 
Major  General  Prestitch,  commandant  of  the  Cron- 
stadt  artillery,  are  described  in  the  officiale  rports 
as  having  been  very  successful,  and  more  satisfactory 
in  their  results  than  had  been  the  case  with  Amer- 
ican guns  of  the  same  caliber.  The  gim  was  fired 
814  times;  the  projectile  weighs  10  cwt.,  and  the 
charge  of  powder  required  for  each  shot  was  180 
lbs.  The  weight  of  the  gun  is  about  50  tons,  the 
recoil  7  ft.,  the  initial  velocity  of  the  projectile  1120 
ft.  per  second,  and  the  percussion  force  at  a  dis- 
tance of  50  ft.,  about  10,000  tons.  The  official 
papers  say  this  is  '  the  most  powerfiil  gun  in 
Europe. 

EXPLOSIVE  Compounds. — Mr.  F.  A.  Abel,  has 
communicated  a  long  paper  to  the  Ercnch 
Ac  idemy  on  the  properties  of  explosive  com|>ounds, 
which  contains  the  results  of  experiments  with 
gun-cotton,  gun-powder,  nitro-glycerine,  &c.  He 
accounts  for  the  diiference  remarked  in  the  nature 
of  the  explosion  produced  by  various  substances 
when  they  act  upon  matter  of  a  different  kind  by 
supposing  that  the  explosion  produces  a  certain  kind 
of  vibration  that  may  or  may  not  be  synchronic  with 
Uiat  produced  in  the  body  operated  upon  by  the  ex- 
plosion. 

ARXSTRONOs  FOR  Grbecb. — The  screw  steamer 
Hotspur  has  lately  sailed  from  Lynn  for  the 
Tyne,  and  taken  on  board  a  cargo  of  Armstrong 

Sins.      These  Armstrongs    are  intended  for  the 
reek  government. 


RAILWAY  NOTES. 

GREAT  Western  New  Narrow  Gauge  Engines. 
— The. following  are  the  princijml  dimensions  of 
the  new  locomotive  engines  of  the  Great  Western 
Company.  The  boiler  is  10  (t.  6  in.  in  length,  and 
4  ft.  diameter  inside.  It  is  of  7-lG  in.  plates,  the 
tube  plates  are  |  in.,  the  angle  irons  84  in.,  the 
rivets  }  in.  diameter,  are  2|  in.  bL'tweeu  centers; 
there  are  six  stays  of  an  inch  diameter,  and  two 
gusset  stays.  The  ouUide  tire-box  is  o  ft.  1  in. 
long,  by  4  ft.  1|  in.  broad,  and  as  regards  height  is 
flush  with  the  barrel;  it  is  2  ft.  8  in.  below  the 
boiler,  and  is  of  7-16  in.  plates,  bound  by  J  in. 
rivets  at  IJ  in.  centers;  it  has  640  stays  I  in.diam- 

oetor;  the  distance  of  the  copper  stays  apart  average 
4  in.     The  inside  tire-box  is  of  copp3r,  and  is  4  ft. 

<6  in.  long  by  3  ft.  6  in.  wide,  and  is  5  ft.  6  in.  ft-om 
the  bottom  to  the  top  of  the  box ;  it  has  nineteen 

.fire-bars  1  in.  distance  apart;  the  area  of  the  fire- 

:grrtte  is  16.75  ft.  The  superficial  area  of  the  box 
is  87  ft.;  the  steam-pip3  is  5  in.  diameter.  The 
tubes,  iron,  arc  10  ft.  91  in.  long;  in  outside  diam- 

.«ter  2  in.  and  Ij  in.;  they  are  2|  in.  between  cen- 

iters,  and  in  number  are  161  of  2  in.  and  fourteen 
of  1  j  in.,  or  175  in  all,  giving  a  superficial  area  of 

^9  sciuare  feet,  and  a  total  heating  surface  of  1,086 

aquare  feet.   The  smoke  box  is  2  ft.  55  in.  in  length, 

■^  4  ft.  8|  In.  broad,  and  of  4  in.  plate.    The  chlm- 

^  1  ft,  4  In.  diameter,  of  |  in.  plate,  and  has 

ne  height  of  14  ft.  6  in.  above  the  rail. 

*  Dlpe,  of  cast  iron,  is  43  in.  diameter  at 

a  ii.8  ft.  6  in.  high.    The  pumps,  brass. 


have  a  2  ft.  stroke,  with  a  plimger  If  ia. 
The  diameter  of  the  waterway  U  :^  in. ;  fatnarf 
centers,  8  ft.  7  io. ;  rise  and  fall  of  pinpp  cbckait 
8-16  in.  The  safety  valves,  t>nss  eoaical,  tit  4  a. 
diameter,  with  8  tt .  centers  of  levers.  The  qfslrt 
is  16  in.  diameter;  stroke,  2  ft.;  distsnce  vitet 
ters,  2  ft.  8  in. ;  distanoe  below  boiler,  1  ft.  »4  a. 
distance  of  centers  of  valve  spindles,  4^  ia.  li 
back  and  front  flanges  bave  tea  bolts,  \  in.  disaeVs 
in  each.  The  cylinder  is  J  io-  thick;  the  piitflo  k 
2\  in.  diameter.  The  dizitaiice  betwei-u  isside  < 
ports  is  2  ft.  14  io.  The  iioru  are  1  ft.  2  is.  i 
breadth;  length  of  steam,  1  j  la.;  length  of  n 
haust,  8^  in.;  thickness  of  bridipe,  I  in.  The  sis 
valves  travel  4  in. ;  the  lead  i»  3-16  in.  to  »-16  is 
lap  on  steam  side,  1  1-lG  in.;  and  the  cdactk 
overlap,  |  in.  The  foui  ecoentrics  of  csit  irs 
with  patent  white  metal  rings,  have  8 1-16  in.thrvi 
diameter,  1  ft.  2}  in. ;  breadth,  Si  m.  The  Rgsl 
tor,  cast  iron,  with  brass  slide,  has  two  steanvai 
6i  in.  by  1  in.  The  motion  bars  are  4  ft.  ^  i 
long,  8  in.  broad,  and  22  in.  apart.  The  dri^i^ 
wheels  are  5  ft.  diameter;  the  imtside  tire  is  ^  i 
broad  by  2}  in.  thick;  the  wheels  are  4  ft.  a^i 
a{>art ;  and  the  cone  of  the  wheel  is  1  in  15.  Tl 
leading  wheels  are  8  It.  0  in.  in  diameter;  distaa 
of  wheels  same  as  the  driving-wheels;  cone  < 
wheel,  1  in  10.  The  trail in|^  wheela  are  5  ft.  diss 
eter,  same  distance  apart ;  cone  1  in  10.  The  Ui 
tances  of  the  centers  of  the  wheels  are — driviai 
wheels  from  leading  wheels,  7  ft.  3  in.;  dririsi 
wheels  from  trailing  wheels,  8  ft.  The  lamiasn 
steel  springs  for  the  driving  axle  are  3  ft.  5{  i 
long  by  4  in.  broad,  and  con>i»t  of  fifteen  pllk 
giving  a  depth  of  5|  in.  at  the  center.  The  spria 
for  the  front  axle  have  seventeen  plates,  and  are  < 
in.  thick  in  the  center.  The  extreme  length  ti^tj 
frame  is  25  ft.  2  in.,  and  tlie  breadth  4  ft.  4}  i 
The  bufiers  are  3  ft.  8  in.  in  height  from  thr  ra. 
and  5  ft.  10  in.  betw<>en  centers.  The  ractiuo  pipe 
of  copper,  are  in  height  1  ft.  3  in.  from  the  rJ 
distance  of  centers  3  ft.  9  in.;  diameter  i.>f  wjie 
way,  13  in.  A  teuder  to  these  engim*?  ot-ed*  i 
description,  seeing  that  tliey  have  none.  They  (^1 
engines)  are  supplied  each  with  two  Uink$  tiic^  < 
platfonns  over  the  frames;  the  capacity  of  ihe  tin] 
is  895  gallons  each.  Coal  is  carried  in  a  bcnk 
the  back  of  the  foot  plate.  The  tank  capacity 
an  engine,  it  will  be  seen,  is  790  g^lloo.*^.  but 
practice  they  are  never  cliarged  with  this  quautit 
The  tanks  are  usually  filled  to  a  height  of  abi«iit 
in.  ftom  the  top,  this  restricted  height  beic?  f«-c« 
necessary  for  theeflicient  working  of  the  c«.d^:f-»! 
apparatus.  With  water  to  this  level,  and  witb  c%-J 
and  sand-boxes  full,  ready  fur  a  trip,  the  losd' 
engine  is  33  tons  4  cwt.  in  weight,  borne  thus  > 
Leading  wheels,  9  tons;  driving  wheels.  12t^n5 
cwt.,  and  trailing  wheels.  12  tons  2  cwt.  The  wcic 
is  reduced  to  about  31  ^  tons  at  the  end  of  a  mod. 
ate  Journey.  These  engines,  it  may  be  rvp^te 
have  more  than  ftilfilled  all  the  cxpxtativus  tb 
were  entertained  concerning  them  when  they  «c 
designed  and  constructed.  We  have  a^rt-ady  L 
occasion  to  speak  favorable  of  them  in  o«ir  imprf 
sion  for  May  the  14th.  The  weight  <f  tht-  rar.» 
engines  now  working  the  Metrop^ilitaj  Railway, 
about  as  follows :— Metropolitan  Company's  vnpm 
42  tons  nominal;  Midland  engines.  45  tons  n*  o^ioj 
Great  Northern  engines,  88  tons  nv^minil;  iin- 
Western  narrow  gauge,  33  tons  4  cwt.  actual  —7' 
Enguutr- 
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UNDERGROUND  RAILWAY  LoCOMOTIVXS.  —  Mr. 
Buckhout,  in  his  report  on  the  Mew  York  City 
Central  Underground  Railway,  describes  a  general 
design,  and  comments  as  ibllows : — Gauge,  4  ft.  8^ 
in.  Fuel,  anthracite  coal  or  coke.  Cylinder,  14 
by  22  in.,  four  56-in.  drivhig  wheels,  steel  tyres,  all 
flanged.  Two  single  axle  radiating  trucks,  one  at 
each  end,  wheels  '60  in.  in  diameter.  Furnace  of 
steel;  120  two-in.  flues,  10  ft.  5  in.  long.  Tank  on 
each  side  of  engine  to  contain  1,500  gallons.  The 
engine  also  to  be  supplied  with  a  blower  or  steam 
jet.  The  engine  to  be  so  arranged  as  to  throw  the 
exhaust  steam  into  the  tanks  so  as  to  condense  it, 
or  thix>w  it  up  the  chimney  for  the  purpose  of  blast 
for  raising  steam,  and  so  that  the  engineer  can  make 
the  change  instantly  as  required.  This  engine  will 
take  80  tons  in  addition  to  its  own  weight  (68,000 
lbs.  in  running  order),  with  1,500  gallons  of  water 
in  the  tank,  and  000  lbs.  of  coal,  up  grades  of  1  in 
89y  or  38  ft.  per  mile,  with  a  pressure  as  low  as  80 
lbs.  per  in.  (if  the  steam  should  get  so  low),  cutting 
otf  at  60  per  cent  admission,  it  being  intended  to 
carry  a  maximum  of  130  lbs.  per  inch.  About 
1,40*0  gallous  of  water  will  be  required  for  the  con- 
densation of  the  steam  for  the  distance  of  two  miles, 
consequently  it  would  require  changing  every  four 
miles,  if  the  steam  were  condensed  for  half  that 
distance.  The  tanks  to  have  a  discharge  valve  by 
which  the  water  can  be  let  out  quickly,  when  it  re- 
quires changing.  The  fixed  wheel  base  to  be  G  ft 
9  in.,  and  the  whole  base,  including  the  radiating 
trucks  at  each  end,  to  be  about  21  tl.  9  in.  With 
this  arrangement  the  truck  wheels  will  not  require 
to  radiate  over  8^  in.  from  a  straight  line,  on  curves 
of  200  ft.  radius,  which  is  much  within  the  limits 
of  it8  capability.  With  equalizing  levers,  as  ap- 
plied to  this  description  of  engine  by  Mr.  Hudson, 
two-thirds  or  more  of  the  weight  can  be  ciirried  on 
the  drivers,  and  the  arrangement  is  such  as  to  ac- 
commodate itself  to  all  the  vertical  and  lateral  un- 
dulations of  the  track,  without  varying  the  distri- 
bution of  the  weight  on  the  wheels;  it  is  also  ar- 
ranged so  as  to  be  equivalent  in  action  to  a  four 
wheel  center  bearing  truck  at  one  end,  and  to  a  four 
wheel  side  bearing  truck  at  the  other  end.  In  ad- 
dition to  these  properties  the  engine  can  be  run 
either  end  foremost  with  great  facility  and  equal 
safety :  a  feature  not  embraced  in  any  four  driving 
wheel  single  truck  engine.  It  has  therefore  special 
advantages  in  saving  the  time  usually  occupied  in 
turning  an  engine  around  so  as  to  run  truck  fore- 
most. It  has  another  advantage.  The  trucks  do 
Dot  deviate  from  the  center  line  of  engine  nearly  as 
much  as  a  faur  driving  and  four  wheel  swing  truck 
engine  does  on  the  same  curve,  being  some  50  per 
cent  in  favor  of  the  double  truck. 

COAL  AND  SMOKE  CONSUMPTION,  ON  THE  PENNSYL- 
VANIA Railway. — In  1859,  arrangements  were 
made  for  a  thorough  and  favorable  trial  of  the  Gill 
patent  for  smoke  and  gas  consumption,  and  in  the 
Report  for  that  year  (18th  A.  R.)  the  Master  Me- 
chanic expressed  himself  as  satisfied  that "  the  true 
Bccret  of  consuming  .smoke  has  been  discovered  and 
rendered  practicable."  This  plan  included  a  "com- 
bustion chximber,''  which  it  was  hoped  could  be  dis- 
pensed with — a  fire-brick  deflector  being  intro- 
duc;id,  involving  the  same  principle.  Supt.  Scott 
was  also  sanguine  that  a  saving  of  50  per  cent  in 
the  cost  of  fuel  could  be  «ficcted.  Although  the 
results  are  favorably  spoken  of  in  the  late  Report 


(14ih  A.  R.)  it  does  not  appear  that  the  end  was 
attained,  although  the  deflector  which  was  largely 
introduced  (costmg  $50.00)  was  regarded  as  econo- 
mical, on  account  of  enabling  the  Company  to  go 
back  to  the  plain  fire-box  which,  aside  from  pos- 
sessing conditions  favorable  to  combustion,  was 
accessible  for  inspection  and  repairs.  In  the  same 
year  (1863),  experiments  were  mude  with  anthra- 
cite, an  engine  being  built  expressly  therefor,  with 
the  latest  hnprovements,  but  it  was  found  that  this 
fuel  would  not  make  steam  freely  enough  on  long, 
fast  runs  with  heavy  trains.  Experiments  are  now 
making  with  an  apparatus  for  bituminous  coal,  in- 
vented by  J.  T.  Rich,  of  Philadelphia,  who  puts 
into  the  fire  box  a  **  dead  plate,''  extending  from 
side  to  side,  sloping  from  a  short  distance  beneath 
the  door,  and  then  turning  down  perpendicularly 
to  the  great-bars.  Above  is  a  fire-brick  arch  ex- 
tending IVom  the  back  well  forward,  around  which 
the  ascending  tiunie  must  pass  toward  the  front. 
Outside  the  door  is  a  hopper,  constantly  supplied 
with  coal,  which  it  passes  in,  as  that  already  in  the 
fire-box  works  down  to  the  dead  plate.  A  tire 
being  started  on  the  great  cokes,  the  coal  on  the 
dead-plate;  und  the  heat  is  utilized  by  passing 
around  the  arch  and  through  the  fines.  As  tho 
coke  thus  made  itself  burns  away — its  heat  and 
gases,  without  smoke,  passing  through  the  flues — 
new  coal  constantly  works  down  and  undergoes  the 
same  process.  The  experiments  thus  far  show 
there  is  no  doubt  that  the  process  will  result  in 
almost  entire  freedom  IVom  smoke ;  but  the  practical 
question  whether  steam  can  be  made  fast  enough, 
is  not  yet  decided.  £xi>eriments  are  also  making 
with  coke  already  prepared;  and  it  is  deemed  cer- 
tain, should  Mr.  Rich's  device  not  succeed,  that 
coke,  which  can  be  obtained  at  morderate  cost  will 
be  successfully  used. — Chicago  Railway  Review. 

UNiFORMiTT  OP  LOCOMOTIVES. — The  "American 
Railway  Times"  makes  the  following  statement 
which  was  doubtless  intended  to  be  severe : 

**  Two  years  ago  the  Pa.  R.  managers  determined 
to  reduce  their  rolling  stock  down  to  some  such  siin - 
pie  system  as  we  have  indicated  ;  and  they  have 
succeeded  in  reducing  the  varieties  of  engines  down 
to  40,  in  a  total  equipment  of  456  engines.  This 
may  be  called  a  rednctio  ad  absurdum. 

Truly  to  your  genuine  nothing- if-not -critical  Bos- 
ton art,  **  Sc'neca  cannot  be  too  heavy,  nor  Plautus 
too  light."  The  **  Times"  borrowed,  and  isolated, 
an  expres.sion  in  the  *"  Review's"  article,  and 
chose  to  interpret  it  without  reference  to  the  full 
accompanying  explanations.  The  456  locomotives 
on  the  road  are  all  referable  to  these  three  classes : 

1 .  Standard  Pastengertf  having  17x24  in.  cylin- 
ders, and  5^  ft.  drivers. 

2.  Standard  Freight,  40-whecl,  having  18x22  in. 
cylinders,  and  4^  ft.  drivers  ;  and, 

8.  Standard  Shifting,  6-wheel,  having  16x18  in. 
cylinders,  and  44  in.  drivers. 

Of  the  first  class,  there  are  two  modifications — 
tho  Mountain  Ueliwr,  having  18.x24  in.  cylindei,  5 
ft.  drivers,  and  large  boiler;  and  a  local  and  fast 
freight  engine  difiering  only  in  the  diameter  of  tho 
driver,  5  It. 

Of  class  2  there  is  bilt  one  modification— a 
Mountain  engine  having  4  ft.  drivers,  and  larger 
boiler.  These  are  the  only  clagtet  recognized;  and 
of  all  these,  the  hni>ortant  working  parts  (castings) 
are  interchangeable — such  as  driving-boxes,  eccen- 
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trie  stops,  etc.  Of  pattemt  there  are  still  well 
nigh  a:i  many  as  of  manufactures  ;  but  these  em- 
brace only  those  which  have  been  many  years  in 
use  J  and  to  have  changed  which  to  uniform  standard 
or  patttrn  would  have  necessitated  their  cutting-up 
long  before  this  time  of  service  liad  expired.  The 
P.  U.  like  most  roads  in  the  beginning,  purchased 
engines  of  many  different  manufacturers ;  and  as 
these  wear  out,  thair  patterns  disappear,  so  that 
within  a  few  years  there  will  btj  not  only  one 
invariable  standjird  of  construction,  but  of  style. — 
Cur.  Chicago  Railway  Review. 

IXPKOVED  LocoMTivE  Alarx  Bell. — Tucrc  hxs 
bcjn  a  recent  trial  on  the  Detroit  and  Milwaukie 
Railway,  of  an  invention  or  device  for  ringing  the 
locomotive  bell  continuously.  The  device  consists 
of  placing  an  ordinary  bell,  weighing  about  100  lbs., 
on  the  front  of  the  locomotive  just  over  the  cow- 
catcher. A  rod  attached  to  the  eccentric  shaft 
causes  a  clapper  to  strike  the  bell  each  turn  of  the 
driving-wheel.  The  bell  is  suspended  loosely,  and 
revolves  from  the  force  of  the  stroke  it  receives,  so 
tliat  all  parts  of  its  surface  are  equally  exposed  to 
wear. 

The  advantages  of  this  arrangement  are  a 
continuous  sound,  slow  or  rapid  in  proportion  to 
the  speed  of  the  engine,  each  revolution  of  the 
wheel  producing  a  stroke  of  the  bell.  In  case  of 
accident  the  railway  company  can  always  .prove 
that  their  bell  was  ringing  according  to  law,  tliat 
being  the  pjiut  most  difficult  to  convince  a  jury, 
and  the  one  which  railways  have  the  greatest  diffi- 
culty in  proving.  Owing  to  the  position  in  which 
this  bell  is  plac^ — in  front  of  the  engine  and  about 
three  feet  from  the  ground — the  sound  can  be  dis- 
tinctly heard  abjut  three  miles  in  day  time,  and  by 
night  four  miles  or  more,  the  ground  and  the  con- 
tinuous rail,  both  excellent  conductors  of  sound, 
assisting  in  carrying  the  vibrations.  The  bell  may 
also  be  rung,  if  necessary,  by  a  cord  from  the  foot 
board  when  the  engine  is  at  rest.  Quite  a  number 
of  these  bells  have  been  placed  on  the  engines  of 
the  Detroit  and  Milwaukie  Railway,  and  several 
other  companies  are  giving  them  a  trial.  The  in- 
ventor is  Mr.  Ben.  Briscoe,  the  master  mechanic  of 
the  Detroit  and  Milwaukie  roa  I,  who  has  charge  of 
the  locomotive  works  of  the  company  at  Detroit, 
Michigan.  He  is  one  of  the  numerous  graduates 
from  the  Baldwin  Locomotive  Works  at  Phihidel- 
phia. — American  Railway  Timet. 

IRON  Cars. — The  "  Ironmonger"  suggests  the 
desirability  of  constructing  trains  wholly  of  iron. 
They  might  be  so  constructed  of  this  material  as 
certainly  to  offer  greater  power  of  resistance  in  case 
of  collision,  and  this  without  m.aterially  augmenting 
their  weight,  whilst  the  danger  from  lire  would  be 
almost  nil.  With  strong  frames,  properly  braced, 
the  sides  might  bo  covered  with  comparatively  thin 
sheets  of  iron.  Railway  companies  cannot  certainly 
be  expected,  in  view  of  the  large  intermediate  out- 
lay that  would  be  involved  in  an  entire  change  of 
rolling  stock,  to  carry  out  at  once  the  suggestion, 
but  the  transformation  might  be  ctfected  gradually, 
and  all  carriages  hereafter  constructed  might  be 
of  iron.  These  iron  cars  would  doubtless  be  more 
lasting,  and,  in  the  end.  more  economical.  Our 
large  iron  manufacturers  would  do  well  to  give  this 
fJbieci  their  attention. 


THB  Shops  or  thk  Pacific  Railway  atSkh 
MKXTO. — There  are  now  160  loconioQr««a^ 
western  end  of  the  roiid — belongiug  to  tbe  G« 
Pacific  Compauy^-of  which  29  can  be  worn 
dated  at  one  time  in  the  I^acramento  rooDd-hi 
Itit  front  measures  611  fk.;  ita  rear,  411  fi.;  k 
64  ft. ;  and  height,  24  It.  Water  for  the  e^ii 
supplied  from  a  side  tower,  called  the  oil-bni 
the  top  of  which  is  a  tank  containing  65,000  p 
of  water,  and  below  the  same  two  stories  foe  vH 
and  a  cellar  which  holds  seven  great  ilieet 
1,000-gaUon  re^servoir  for  oil,  thus  secured  a| 
tire. 

The  wood-working  and  car  manufactory  i 
other  colosaal  building,  90x238  A.,  of  twooi 
stories,  with  straining'beam  truss  roof,  wh 
the  lower  story  is  kept  entirely  tree  and  ODdb 
ted.  There  is  alM>  au  L  45x90  ft.  All  the 
including  doors,  windows,  and  upholstery,  are 
from  California  material,  at  a  cost  quite  as  \ 
that  of  the  same  articles  imported.  Xon 
band-saws  and  other  of  the  m<Mt  complete  in 
wood-working  machines  may  be  seen  at  work 

Tiie  machine-shop  is  100x205  it.,  beaut 
roofed,  and  tilled  with  superb  iron-working  ma 
ery  adapted  to  railroad  uses.  This  Kbup  b  iat 
to  do  all  the  iron-work  of  the  road,  but  lee 
pairing,  for  which  shops  have  been  built  aloi 
line— as  at  Kocklin,  the  "  foot  of  the  hill/' 
there  is  also  a  first-class  granite  round -boas 
where  two  or  three  additional  engines  are  io  i 
ness  to  join  the  single  one  that  does  doty  for  t 
sixty  cars  between  Sacramento  and  that  plaei 
the  machiiie  shop  there  are  eleven  pits,  adapt 
locomotive  repairs,  and  a  traveling  bridge,  l^ 
locomotives  can  be  picked  up  and  lifted  abon 
toys.  The  finest  engine  on  the  coast  furoisbi 
power — a  Coriiss  engine  of  160  horse-power, 
in  Sacramento. 

A  blacksmith-shop  60x150  ft.,  to  cuou 
forges  and  three  steam-hammers,  completes  ti 
of  buildings  now  erected. 

RAILWAYS  15  New  York. — The  report  c 
State  Engineer  and  Surveyor  of  Kailroai 
the  last  half  year,  gives  the  following  stat 
which  may  be  interesting  to  your  readers . — 
There  are  fifly-six  difl'orent  railway's  in  ope 
in  the  State,  the  aggregate  length  of  wh 
3,053.95  miles,  and  which  have  been  coostr 
and  equipped  at  a  cost  of  $208,185,782.  Incl 
roads  contemplated,  the  whole  number  i>eigfati 
with  a  length  of  4,  567.99  inilc3«.  The  oldest' 
the  Mohawk  and  Hudson,  opened  for  travel  a  dij 
of  seventeen  miles,  in  1831.  The  number  of 
motives  in  use  is  1,111;  p:issenger  cars,  1.163; 
gage  and  mail  cars,  362;  freight  c-irs.  1" 
During  1868,  the  number  of  pas!*«enger8  of  all  c 
carried  over  the  State  was  18,4^4,300.  an 
amount  of  freight  11,961,692  Utns.  The  c 
operating  the  r^uis  was  $15.250,7 16;  the  tota; 
ments,  $48,274,476;  and  the  total  earnings. 
377,790.  The  average  rate  of  speed  of  ore 
passenger  trains,  including  stoppages,  was 
miles  per  hour,  while  the  average  spit*d  of  e: 
trains  was  29.74  miles.  The  number  of  p 
killed  during  the  year  was  302.  and  the  nurob 
jured  358.  Of  these  104  were  killed  on  tb« 
York  and  Erie  road,  out  of  2,194.318  piasi 
carried;  on  the  Hudson  River  road  27  to 2,62* 
on  the  New  Haven  road  6  to  2,192,940;  on  tb« 
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road  20  to  1,607,578;   on  ihe  Long  Island 

4   to  823,000;  on  the  Staten    Island    road 

H  Im  849,853.    The  total  amount  recovered  as  dam- 

•Ces  for  injuries  to  passengers,  which  the  various 

cumpauies  were  obliged  to  pay  during  the  year,  was 

9628,310.     The  Erie  road  paid  $198,185;  the  llud- 

■on  Kiver  Company,  $20,745 ;  the  Now  Haven  road, 

$10^937;  the  Harlem  road,  $7,865;  the  New  York 

.  Central,  $72,944;  the  Bulfaio  and  Krie  road,  $196,- 

406. 

STEEL  FiRB  Boxes  fob  Locomotives.— At  the 
►  Lite  Master  Mechanics'  Convention,  held  at  Pitts- 
.  burgh,  a  committee  was  appointed  to  investigate 
.   and  report  on  the  question  : 

Are  steel  pUtcs  preferable  to  the  best  iron  i  lates  ? 

and  if  so,  docs  the  dilference  in  strength,  safety  and 

.     durability,  Justify  the  difference  in  cost?      Also, 

bow,  in  practical  experience,  does  steel  for  furnaces 

•  eompare  with  copper? 

The  committee  reported  much  interesting  testi- 
mony bearing  on  the  subject,  among  others,  the 
statement  of  an  officer  of  the  JJorthwestern  R.  R., 
who  said : 

Fifty-one  locomotive  fire-boxes,  made  of  copper 
abeets  half  an  inch  thick,  after  thirty  months'  use, 
■how  marked  indications  of  wear,  and  will  probably 
bave  to  be  renewed  in  a  short  time.  In  some  cases, 
after  ^ess  than  three  years'  service,  the  original  half- 
inch  sheets  were  reduced  to  less  than  one-eighth  of 
an  inch. 

With  reference  to  the  application  of  steel  for  the 
purpose  indicated,  it  was  further  stated  by  the  same 
party,  that : 

On  the  Northwestern  road,  a  locomotive  has  been 
run  for  eight  years  with  a  steel  fire-box,  which  has 
thus  far  shown  no  signs  of  wear,  although  the  coal 
and  water  used  had  proved  extremely  detrimental 
to  the  iron  and  copper  fire-boxes  previously  used 
OD  the  same  division  of  the  road.. 

On  the  Pennsylvania  road,  two  locomotives  fitted 
with  steel  fiirnaces  in  1861,  still  remain  intact,  and 
two  locomotives  on  the  Baltimore  and  Ohio,  fur- 
nished in  like  manner  about  the  same  time,  show 
simiUr  results.  The  committee  unanimously  and 
emphatically  concluded  *'  in  favor  of  homogeneous 
sietl  plates  for  locomotive  fire-boxes,  at  least  of  all 
those  that  bum  bituminous  coal ;  and  that  for  boiler- 

glatcs  for  general  construction,  this  material  com- 
ines  in  a  greater  degree  than  any  other,  the  rcqui- 
■ites  of  durability,  safety  and  economy." — Ckicapco 
Railway  Review. 

THE  Louisville  Bridge.  —  The  great  railway 
bridge  on  the  Ohio  river,  at  Louisville,  Ken- 
tucky, will  be  ready  for  the  passage  of  trains  by  the 
end  of  the  present  month.  It  is  one  of  the  finest  and 
mo«t  important  structures  of  the  kind  in  the  country. 
Its  total  cost  when  complete  will  be  about  one  and 
one-half  million  of  dollars.  The  length  of  the  bridge 
is  5,200  ft.,  or  nearly  a  mile.  It  is  supported  by 
twenty -five  massive  piers.  The  longest  span  h  over 
the  middle  chute,  and  is  870  ft.  At  this  point  the 
bridge  b  90^  ft.  above  low  water  mark.  There  is  a 
drawbridge  over  the  canal  of  114^  ft.  clear  span. 
The  grade  from  the  Kentucky  side  is  82  ft.  to  the 
mile,  the  grade  on  the  Indiana  side  being  nearly  79 
ft.  A  long  and  heavy  embankment  is  necessary  on 
the  west  side  of  the  river,  and  that  is  nearly  done. 
This  bridge  in  addition  to  its  railroad  uses,  is  built 
for  street  cars  and  wagons,  the  supposition  being 


that  at  certain  times  of  the  day — only  one-eighth 
of  the  twenty-four  hours — the  railroad  trains  will 
occupy  the  bridge,  leaving  it  free  the  rest  of  the 
time  for  ordinary  travel.  The  estimates  of  this 
I  grand  structure  tell  the  story  of  what  it  is.  The 
masonry  cost  $470,962,  the  iron  superstructure 
$776,090,  the  whole  amounting  to  $1,600,000.— 
Polytechnic. 

LONG  Railway  Running. — In  a  recent  article  we 
referred  to  several  instances  of  continuous  rail- 
way "  runs  "  of  from  76  to  97^  miles.  We  should 
have  instanced  the  mail  trains  on  the  South-Eastem 
line,  which,  on  the  old  line  made  88  miles  without 
stopping.  Via  Sevenoaks,  the  distance,  w^e  believe, 
is  75  miles.  The  engines  have  16  in.  (some  of  them 
17  in.)  cylinders,  22  in.  stroke,  and  a  single  pair  of 
7  it.  driving  wheels.  The  tenders  contain  2,500 
gallons  of  water.  The  usual  train  is  from  fourteen 
to  eighteen  carriages,  and  the  average  speed  is  from 
40  to  45  miles  an  hour. — Engineering. 

ARemarkablc  Railroao. — The  most  remarka- 
ble railroad  in  Germany  and  Europe  is  the  new 
BUick  Forest  road,  which  will  be  completed  within 
four  years.  Between  llornberg  and  St.  George,  sit- 
uated 2,870  feet  above  the  level  of  the  sea,  and  but 
four  miles  distant  from  llornberg,  the  raiirojid  as- 
cends nearly  2,000  ft.,  and  passes  through  27,000  ft. 
of  tunnels.  Eleven  thousand  feet  of  the  latter  liave 
been  completed  during  the  last  two  years.  The 
truly  Cyclopean  work  on  the  road  is  progressing 
rapidly,  and  attracting  thousands  of  visitors,  who 
fiock  there  from  all  parts  of  Southern  Germany 
and  Switzerland. — Polytechnic. 


NEW  BOOKS. 

DSKFUL  Information  for  Railway  Men.  By 
W.  G.  Hamilton,  Engmeer.  1).  Van  Nostrand, 
23  Murray  street.  New  York. 

We  can  fully  indorse  the  following  notice  of  this 
excellent  work  from  *' Engineering:'* 

This  pocketbook,  which  in  its  original  form  and 
first  edition  was  intended  to  serve  no  other  purpose 
than  a  useful  advertisement,  has  in  its  second  issue 
developed  into  a  vade  mecum,  which  will  be  found 
more  comprehensive  and  more  serviceable  than  any 
work  of  the  same  kind  in  existence.  The  author, 
Mr.  W.  G.  Uamilton,  who  is  the  manager  of  the 
Ramapo  Wheel  and  Foundry  Company,  an  estab- 
lishment but  recently  established,  yet  now  doing 
almost  the  largest  business  in  chilled  cast-iron 
wheels  in  the  United  States,  contemplated  originally 
the  compilation  of  such  a  pocketbook  (Vom  existing 
works  of  the  same  nature,  and  supplemented  by  his 
ovm  notes  and  those  of  some  other  American  engi- 
neers, as  would  be  compressed  into  a  small  volume, 
that  would  carry  its  own  recommendation  as  well  as 
that  of  the  business  for  which  it  served  as  an  adver- 
tisement. This  edition,  which  was  a  very  large  one, 
was  gratuitously  circulated  throughout  the  United 
States,  and  led  to  so  large  a  demand  tliat  the  author 
determined  upon  producing  a  second  edition,  in 
which  the  Ramapo  Foundry  should  make  no  obtru- 
sive appearance.  This  is  the  issue  under  notice. 
It  consists  of  569  pages  of  very  closely  printed 
matter,  in  which  are  contained  the  bulk  of  Moles- 
worth's,  Hurst's  and  Nystrom's  pocketbooks,  copi- 
ous compilations  from  the  principal  scientific  wri- 
ters, and,  above  all,  a  large  compendium  of  United 
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Stales'  railway  practice.  Of  .courhe  a  great  deal  of  act 
lis  contfiits  have  a  special  value  for  the  American  avi 
(j(tgint*t*Tj  but  these  notes  recommend  themselves  wli 
mosst  strungly  to  ourselves,  as  representing  the  latest  ica 
(iiid  btj^t  practice  in  the  States.  The  index  contains  ab 
iienrly  a  thousand  items,  many  of  which  are  illus-  we 
tratt-d  sufficiently  well  to  explain  fully  the  subject  an^ 
tc)  wliidi  they  refer.  The  extent,  cost  and  general  no 
pjiTtknihirs  of  American  railways  are  given,  the  th 
tsUitidiird  specification  of  rails  upon  the  principal  au 
rsdlways,  the  dimensions  and  description  of  rolling  nu 
fiUjck,  the  most  recent  improvements  in  locomotive  ru 
practice,  and  epitomes  of  the  financial  management  an 
of  ruUti^ys.  It  would,  of  course,  be  impossible  to  th 
convey  an  idea  of  the  almost  endless  subjects  upon  wl 
wliicili  this  little  book  touches,  in  each  case  profita-  of 
bly :  it  must  suffice  to  recommend  it,  and  to  trust 
that  it  may  be  placed  within  the  reach  of  English  A 
engineers.  -fj 


TRi  PoLTTECnNic. — A  Scmi-mouthly  Paper  de- 
voted to  the  interests  of  Polytechnic  and  Scien- 
tiflc  St  hools,  and  a  Record  and  Review  of  Civil, 
lltHjhiuiical  and  Mining  Engineering,  Natural  Sci- 
encL'  lUid  General  College  News,  Troy,  New  York. 
MuNTAUUE  L.  Marks,  Editor  and  Proprietor. 

Wv  eiin  bjst  state  the  character  of  this  excellent 
^ubli tuition  by  quoting  from  its  prospectus : 

**  In  adopting  the  name  Polytechnic,  our  design 
hais  tK?i'n  two-fold,  viz  :  First,  to  identify  closely 
the  tU\e  oC  our  publication  with  that  branch  of 
knowledge,  to  the  advancement  of  which  it  isespe- 
ci*Uy  devoted;  and  Secondly,  by  the  general  sig- 
nifljGance  of  the  name  as  applicable  to  all  Polytech- 
nic and  Scientific  Schools,  to  demonstrate  the  de- 
Mign  of  the  publisher  to  make  the  Polytechnic  their 
cumnion  mouthpiece.  By  arrangenients  that  we 
huve  made  with  some  of  the  most  able  contributors 
to  scientific  periodicals  in  this  country,  and  with 
ofhi»r  gentlemen  of  known  ability,  in  each  issue  of 
the  Polytechnic  will  be  found  valuable  and  original 
nrtick-?i'on  subjects  of  general  scientific  int^irest. 
We  shiiU  devote  a  poitiou  of  our  columns  to  it<Mns 
of  current  general  scientific  news  selected  and  con-  |  ^ 
di*n?ted  from  the  best  American  and  European  pi-  |  S 
puTS  and  magazines.  We  have  establislied  a  corps  ^.^ 
(if  cnrrL»spondents  at  the  various  Polytechnic  and  | 
Sdeniitic  Schools,  and  at  the  Scientific  Departments  | 
<jf  thc!  principal  Colleges,  and  ft-om  them  we  shall  ;  . 
l^ceive  ncH'Son  all  topics  of  interest  connected  with  |  ^^ 
thefr  jiL*veral  localities." 

W<'  r.an  assure  our  readers  that  thc  Polytechnic 
onsw^TM  fully  to  this  specification.  And  it  is  per- 
haps more  elegantly  **  got  up  "  than  any  other 
American  scientific  publication. 


ATnLiATisE  OM  Land  Survetixo,  in  theory  and 
practice,  giving  the  best  methods  of  survey- 
ing and  leveling,  for  statistic.il,  estate  and  en- 
gineering purposes,  together  with  full  explanations 
of  the  construction,  adjustment  and  use  of  theodo- 
lites, levels  and  other  instruments  required  iu  the 
field  atid  office  work  of  surveying  and  leveling.  By 
JoiiM  A.  Smith,  Civil  Engineer,  London.  Long- 
inanst  Green  &  Co.,  1869.  For  sale  by  Van  Nos- 
tra nd.  New  York. 

This  work  is  well  spoken  of  by  the  "  Mechanics 
Mo|?iJttQe,"  which  says : 

White  on  the  one  hand  the  author  has  to  travel  a 
fotKi  <Ua\  in  a  well-worn  path,  it  is  open  to  him  on 
thf>  til  her  to  strike  out.  a  few  fVesh  branches,  without 
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Pbivciplbs  07  Pkbspkctiye  Illustrated 
A  SxRJM  OT  Examples.    By  Henry  D. 
Descriplive  Treatise  and  Atlas  of  £x- 
»>«.    London  :  Chapman  &  Hall.    1869. 
j»    Humphris,  who  is  the  son  of  an  architect 
^  in  his  locality,  has  issued  what  is  rather 

of  examples  to  illustrate  the  principles  of 
've  than  an  elaborate  essay  on  the  science. 
are  drawn  out  of  good  size,  and  will  be  found 
'^laefUl  to  art-masters,  architectural  students, ' 
^^ttere.    Mr.  Humphris  rightly  points  out  tiiat 
lid  be  useless  to  read  the  letter-press  and  look 
plates,  and  to  imagine  that  a  knowledge  of 
tives  is  to  be  obtained  by  any  such  means; 
to  copy  the  figures  line  for  line  from  the  ex- 
would  be  time  as  badly  spent. — The  Builder. 

-  ^^N^  HCMDRED    AND  SeVEN   MECHANICAL  MOYE- 

.   ^C  Ments.     By  Henry  T.  Brown,  Editor  of  the 
.  Vaerican  Artisan,    ^ew  Yurk,  Virtue  &  Yost  on. 

^^  T^t  sale  by  Van  Nostrand. 

'  TZie  public  attention  has  been  largely  called  to 
^  book,  but  until  every  artisan,  aitd  especially 
#Vi0nr  mechanician  possesi»es  it,  we  do  nut  think  too 

'  Viacb  can  be  said  of  its  value.  It  consists  simply 
#f  engravings  and  descriptions  of  507  methods  of 
-tniMtaitting  or  changing  motion  and  power,  in  all 

zHkm  departments  of  mechanical  construction,  and 
tnoning  through  every  variation  and  combination  of 

.  tte  mechanioil  powers,  in  gearing,  escapements, 

:  irater  wheels,  hydraulic  machines  and  miscellaneous 

'  IQChineiy.    It  contains  a  great  many  facts  and  u 

-  very  little  preaching,  which  is  the  best  thing  wo  can 
mj  of  any  book. 

SPKCTRux  Analysis. — Six  lectures  delivered  in 
1838,  before  the  Society  of  Apothecaries  of 
London.  By  Henry  E.  Roscoe,  B.  A.,  Ph.  D.,  F. 
ft.  S.,  Professor  of  Chemistry  in  Owen's  College, 
Manchester.  London, Macmillan& Co.,  1869;  lor 
••le  by  Van  Nostrand. 

It  was  time  that  the  general  public  should  be 
made  familiar  with  the  grand  facts  and  principles 
of  spectroscopic  analysis,  and  we  therefore  at  the 
outset  publicly  thank  Professor  Roscoe  for  coming 
forward  as  the  interpreter  between  the  student  of 
science  and  the  educated  members  of  the  commu- 
nity. He  has  taken  upon  himself  a  task  whose  im- 
p.NrtMice  is  only  equaled  by  its  difliculty,  and  it  is 
only  Just  to  him  to  express  our  opinion  that  he  has 
discharged  a  complex  duty  with  ability  and  success. 
— ifctenl(/lc  Opinion. 

A  Manual  or  the  Hand  Lathe.  Comprising 
concise  directions  for  working  metals  of  all 
kinds,  ivory,  boneand  precious  woods;  dyeing,  col- 
oring and  French  polishing;  inlayiue  by  veneers, 
snd  various  methods  practiced  to  produce  elaborate 
work  with  dispatch  and  at  small  expanse.  By  £o- 
BBRT  P.  >Vat8on,  late  of  the  Scientific  American, 
author  of  ^^  The  Modern  Practice  of  American  Ma- 
chinists and  Engineers.*'  Illustrated  by  78  engra- 
▼ing9.  Philadelphia,  Henry  Carey  Baird,  Indus- 
triAl  Publisher,  406  Walnut  street.    Price  $1.50. 

A  Popular  Outline  or  Perspective  or  Gra- 
phic Projection;  Parallel,  Diagonal,  Pan- 
Angular,  GRACEruL.  By  Thomas  Morris,  Arch- 
itect.   London :  Simpkin,  Marshall  &  Co.    1869. 


Mitchell.    London^  Longmans,  Green  k 
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Railway  Economy  :  Use  or  Counter-Pressure 
Steam  in  the  "Locomotive  Engine  as  a 
Brake.  By  M.  L.  Lb  Chatelier,  Ing6nieur-en- 
Chcf  des  Mines.  Translated  iVom  the  author's 
manuscript  by  Lewis  D.  B.  Gordon,  F.  R.  S.  E., 
Honorary  Member  of  Institution  of  Engineers  in 
Scotland.     Edinburgh,  Edmonston  &  Douglas. 

The  Elements  or  Building,  Construction  and 
Architectural  Drawing.  By  Ellis  A.  Da- 
vidson. London  and  New  York,  Cassell,  Pettor  Sc 
Galpin.    For  sale  by  Van  Nostrand. 

MISCELLMEOU& 

SuRrACE  Condenser  Tubes. — Rdled  sheet  cop- 
per is  now  quoted  at  about  80/.  per  ton,  equal 
to  a  little  more  than  8id.  per  pound,  although  the 
nominal  quotation  by  the  pounds  is  lOd.  Solid 
drawn  copper  condenser  tubes  of  from  ^in.  to  1  in. 
in  diameter,  and  sold  only  by  the  pound,  are,  on 
the  average.  Is.  lOd.  per  pound,  showing  a  charge 
of  at  least  is.  per  pound,  or  more  than  the  value  of 
the  metal  itself,  for  the  mere  process  of  drawing — 
a  process  as  tedious  as  it  is  try  ins;  to  the  metal. 
The  usual  thickness  of  these  tubes  is  No.  18  of  the 
Birmingham  wire  gauge,  or  one- twentieth  of  an 
inch.  By  the  old  process  of  drawing  it  would  not 
be  safe  to  make  them  much  thinner  on  account  of 
the  risk  of  their  splitting,  the  very  process  of  draw- 
ing inducing  longitudin^  weakness,  a  weakness  not 
found  either  lengthwise  or  widthwise  of  rolled  cop- 
per sheets.  Copper  of  No.  18  gauge  weighs  about 
2  lbs.  6  ozs.  per  square  foot,  and  as  a  foot  of  }  in. 
tube  would  require  one-quarter  of  a  square  foot  of 
plate,  it  works  out  that  2|  lbs.  of  copper  would 
make  four  lineal  feet  of  such  tube,  costing  from 
Is.  9d.  to  2s.  for  metal,  and  selling  for  4s.  4d.  equal 
to  a  charge  of  from  7d.  to  8d.  per  foot  for  drawing 
alone. 

I  But  copper  of  No.  18  gauge  is  only  employed 
because  of  the  risk  of  drawing  it  thinner.  No.  28 
gauge,  of  but  half  the  thickness,  and  therefore  of 
but  half  the  weight,  would  be  abundantly  strong 
for  a  small  surface  condenser  tube  withstanding  but 
25  lbs.  or,  at  the  most  80  lbs.  pressure  per  square 
inch,  whereas  its  Aill  strength,  if  sound,  should  be 
equal  to  an  internal  pressure  of  at  least  a  ton  per 
square  inch.  Yet  with  No.  18  tubes,  which  ought 
to  withstand  two  tons  per  square  inch,  the  highest 
test  pressure  adopted  by  some  of  our  loading  mar- 
ine engineers  is  but  60  lbs.  per  square  inch.  And 
this  is  enough,  being  at  least  twice  what  the  tube 
ever  has  to  withstand.  If  the  tubes  could  be  made 
of  half  the  thickness,  that  is,  No.  23  of  the  Birm- 
ingham wire  gauge,  they  would  conduct  heat  even 
more  rapidly  than  when  of  No.  18  gauge,  and  thus 
even  less  condensing  surface,  and,  therefore,  even 
leas  than  half  the  weight  of  tubing  would  be  requi- 
site. 

But  the  cost  of  drawing,  viz  :  7d.  to  8d.  per  tbot, 
is  in  itself  enormous.  The  tube  machine  exhibited 
at  Messrs.  Robert  Stephenson  kCo.'s  works  during 
the  Newcastle  meeting  of  the  Mechanical  Engineers, 
and  now  again  working,  we  believe,  at  Messrs. 
George  England  &  Co.'a  works  at  Hatcham,  can 
convert  sheet  metal  into  tubes  at  a  cost,  (br  manu- 
facture, not  exceeding  half  a  farthing  per  Ibot. 
The  Joint  made  is  a  mechanical  Joint  only,  but  it 
has  been  tested  to  more  than  three  times  the  proof 
test  we  have  named,  and  that  without  the  iligbwl 
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afterwards.  Then  come,  in  order  in  which  their  |^r  he  Sm* 
names  are  given,  Holland,  England.  Si»ain.  Prussia,  I  X  expert 
Itlay,  Sweden  and  Norway,  Portugal,  Denmark, '  hlackness 
Austria,  Turkey,  Greece,  and  finally  Ru^ia.  difficulty  c 
Besides  Europe,  the  be:>t  lighted  coastta  are  those  uf ;  urise  irom 
the  United  States,  which  hare  one  light  for  every  from  the  f 
twenty  miles,  whilst  the  Brazilian  coast  hus  only  I  luw  time  f 
one  for  every  87  miles.  Of  the  2i5l\  i-j  existence  !  that  the  bl 
at  the  commencement  of  1807.  about  12300  had  been '  ment  cont 
established  since  1830.  while  the  power  of  the '  |)oisonous 
greater  part  of  those  existing  prior  to  18;iO  has  .  cil  iu  smol 
increased.  i  that  this  b 

T-,, .  «  .  .  U**  produce 
HK  Steamship  AnniiLTic. — This  fine  American :  ^^  ^.j,..  g, 
built  vessel  has  been  purchased  by  Messrs.  | 
Bates  &  Co.,  of  Liverpool,  for  the  pun>ose  of  be-  fPuE  Bci 
ing  converted  into  a  sailing  ship.  The  Adriatic '  X  dictiui 
was  originally  one  of  the  Collins'  line  of  mail  plontiful, 
steamers,  and  ran  for  a  time  between  Liverpool  and  safely  at 
Kew  York.  In  1861  she  was  purchased  by  the ,  would  a] 
Atlantic  Koyal  Mail  Company,  and  in  the  month  of .  The  absei 
April  of  that  year  was  placed  on  their  line  between '  Bermuda 
Galway  and  New  York.  Towards  the  end  of  1861  has  been  s 
she  was  chartered  by  the  government  to  convey  American 
troops  to  Canada,  and  on  her  return  she  was  again  '  hauled  as 
fitted  up  as  a  passenger  ship  and  placed  on  the  Cial-  fur  those  ] 
way  line  until  the  whole  undertaking  collapsed, ' 
when  she  was  taken  round  to  Southampton  Docks,  j  T^b  Wii 
where  she  has  remained  unemployed  until  the  pres-  JL  presec 
cnt  time.  The  Adriatic  is  one  of  the  largest  pad-  miles  of  \ 
die  steamers  ever  built,  and  her  history  has  been ,  Mr.  Uod^ 
anything  but  an  uneventf\il  one.  She  was  built :  consjrucii 
and  fitted  up  at  enormous  expense,  and  now,  after  the  Alps; 
lying  idle  for  six  years,  she  has  changed  hands  at  j  in  Spain, 
very  little  more  than  her  repairs  and  fittings  have '  lines  to  ^ 
cost.  She  will  make  a  magnificent  sailing  vessel,  |  lines  are 
although  not  adapted  for  the  Atlantic  steam  trade.  ■  the  diffic 

!  prevent  in; 
ROiDE  is  the  name  of  a  new  metallic  composition  '  countr}-. 
which  resembles  gold  very  closely.    It  was  in-  .  ->* 
vented  in   France,  and  is  made  by  means  of  100 ;  [s  e '*^    , 
parts  of  copper;  17  parts  of  tin  or  zinc;  6  parts  of  J^    .?T^ 
magnesia;  3-6  parts  of  sal-ammoniac;  1-8  parts  of;  rr^?**iV 
calcined    lime    and  9   parts  of  cream   of  tartar.  '  ic?m   tu^^ 
The  copi)er  is  at  first  melted  alone ;  then  magnesia ; '  c^  A  '    i  *^ 
sal-ammoniac;  lime  and  cream  tartar  are  added  in  ** 

small  portions  under  continual  stirring.     This  takes 
half  an  hour,  then  tin  or  zinc  is  add^.  and  mixed       .     .  , 
with  the  copper  by  stirring.     The  crucible  in  which   Pr»"^4»»C' 
these  operations  are  prepared,  is  then  covered  up   ^^^^' 
and  kept  in  the  fire  for  35  minutes.    The  product    ^  curvea 
is  cast  into  bars,  which  can  be  rolled,  hammered 
and  pressed.     It  isdiflicult  to  distinguish  this  com- 
position from  g()ld. — ateirm.     laduttrie  u.  Hand' 
tUblalt. 
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THE  Vacuum  Method  of  Making  Ick. — An  ice 
and  cold  producing  machine  hiis  been  invented 
by  llerr  Franz  Windhausen  Brunswick.  The  ac- 
tion of  the  machine  is  based  on  the  principle  of 
producing  cold  by  the  expansion  of  atm<»spheric 
air,  which  is  accomplished  by  means  of  mechanical 
P',>wer.  The  machines  rwiuire  no  chemicals,  noth- 
ing being  used  in  them  but  water  and  atmospheric 
air.  They  may  Iw  wrought  by  steam,  water,  or 
wind,  and  they  produce  from  100  to  1,000  lbs.  of 
lee  per  hour,  according  to  size,  at  a  cost  of  fh)m 
2d.  to  r>d.  per  100 'lbs.;  this  difft-rence  resulting 
from  the  varying  prices  of  fuel  and  the  mode  of  tered  torn 
working  chosen.  One  of  their  uses  is  to  cool  tonnage  1 
rooms,  cellars,  theaters,  haspitals,  compartmcDts  of  from  18:JS 
■hips,  eic.^Builder.  Newoostk 
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